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Abstract

The Government of India is launched Soil Health Card Scheme on 19 February in 2015 at Suratgarh Rajasthan. Soil Health
Card is detailed printed report of status of soil fertility and twelve parameters which affect the soil and crop productivity. The
study was conducted in purposely selected Kanpur Nagar district of Uttar Pradesh by purposely selecting a block from district.
Thus, in all, six villages were selected. From each selected village, twenty farmers were selected randomly. Thus, total 120
respondents were selected randomly and data collected by personal interview with the help of well semi structured
schedule/questionnaire. Results reveals that majority of respondents were found in middle age 40(%), married (93.33%),
literate (81.67%), Hindu (81.66%), OBC caste (43.33%), nuclear (71.66%) and small sized family (61.66%), were marginal
farmers (49.16%), had Pucca housing pattern (36.66%), had took no participation in any organization (42.50%), engaged in
farming + animal husbandry (60.84%), had income between 1,00,000 to 2,00,000Rs (40.84%), having medium level of
economic motivation (70.83%), scientific orientation (72.50%) and risk orientation (57.50%). In extension contact, most of the
respondents were given preference to Gram Pradhan, family, and TV in aspect of formal sources, informal sources, and mass
media exposure respectively. In Material possession, Respondents have good number of pumping set/diesel engine for farm
power, Sickle and khurpi for agricultural work, bicycle and motorcycle for transportation, Chair, cots and wall watch for housing
material and Mobile for communication media possessions.

Key words : socio-economic status, farmers, soil health card, extension contact.

Introduction

Soil is the lifeblood for all crops as it provides all the
necessary micro nutrient, macro nutrient and water. Soil is
considered to be a dynamic resource whose health
determines the productivity of the plant. The functional
capacity of a soil to sustain the natural productivity,
environmental quality, and promotes plant and animal
health within the ecosystem is called soil health (Doran
and Parkin, 1994). Healthy soil contains all the elements
for growth and development of crop or the soil derived of
one or more nutrient either reduce the production or
degraded quality of crops. Therefore, proportion and
quantity of macro and micro nutrients altogether refer to
the soil health (Patel et al., 2017). The success of green
revolution in 1965 which introduced high yielding variety
seeds and the efficient use of irrigation and fertilizer to
increase the productivity of the crop have resulted in
making India self-reliant in terms of food grains. The total
demand for food grain by 2021-2022 is expected to be 253
million tonnes (Kumar et al., 2009) and 333 million tonnes
in 2050 (The Economic Times, 2015). Hence, the
production of food grains should be further increased to
feed the growing population whose growth rate is much
higher that the production of food grains.

Thus, in a developing country like India with a high

rate of population growth new improved technology and
the efficient and sustainable use of resources like fertilizer
should be used to increase the production of food grain.
So, the Department of Agriculture & Co-operation under
the Ministry of Agriculture and Farmers’ Welfare,
Government of India introduced a new scheme with an
aim of improving the health of the soil ‘The Soil Health
Card Scheme’ (SHC) on 17 February 2015. It scheme
was implemented by all the State’s Department of
Agriculture and Union Territory Governments. The aims of
the scheme it to promote soil test based and even-handed
use of fertilisers to enable farmers to get hold of higher
yields at lower cost. Also the main objective of the scheme
was to test the nutrient of the soil and recommend the
correct amount of fertilizer required. The Government had
allocated an amount of Rs. 568 crore (US$ 82 million) for
the scheme. In 2016 Union budget of India, has been
allocated Rs.100 crore to the states for making soil health
cards and set up new soil testing labs (Soil Health Card
scheme Wikipedia).

Socio-economic status is the field of study that
examines social and economic factors to better
understand how the combination of both influences
something. The socio- economic characteristics
pertaining to demography, means of production and
investment of income and expenditure pattern of people
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living in a particular location strongly influence their
responses to technological changes and participation in
development schemes. It becomes necessary for
extension workers to recognize the respondents with
attitude and the respondents who are lagging behind the
course of development. Socio-economic status gives a
picture of an individual and his family in respect of social
and economic position in a community. However, the
socio-economic status of farmers having Soil Health Card
was found to be less in the entire state due to various
reasons. Therefore, the present attempted to identify the
socio- economic development in terms of understanding
the present condition of a particular area.

Materials and Methods

The study was conducted in state Uttar Pradesh. Uttar
Pradesh is a state in northern India. The state is divided in
to 18 divisions and 75 districts. Uttar Pradesh state was
purposely selected with many reasons. Over 70 percent
Population of Uttar Pradesh directly or indirectly depends
on agriculture and allied sector. So out of 75 districts of
UP, Kanpur district was selected for study. Kanpur is a
major industrial town of UP. The area is selected for this
study because the researcher is familiar with the area and
culture therefore it has facilitated him to obtain factual data
from the respondents. The urban district of Kanpur Nagar
serves as the headquarters of the Kanpur division, Kanpur
range and Kanpur Zone. There are 10 Community
Developmental Blocks in the district. These are
Ghatampur, Kalyanpur, Vidhnu, Kakwan, Sarsol, Bilhaur,
Bhitargaon, Chaubeypur, Patara, Shivrajpur. Out of these
ten developmental blocks, Bilhaur block was selected
purposely because the researcher has knowledge about
the locality and culture. There are about 405 villages in
Bilhaur community development block. Out of 405, 6
sample village are selected through random sampling
which are namely Sujawalpur, Dhukapur, Shuklapur,
Newada Udau, Pura, Lachhimanpur Mishran. a total of
120 farmers will be selected through random sampling
techniques, 20 framers from each village.

Results and Discussion

The distribution of respondents are on the basis of
differential information possessed by them and it was
calculated by working out Arithmetic Mean, Standard
Deviation, Percentage, Minimum and Maximum.

Age : Table-1 indicated that majority of respondents are
comes into middle aged group with the number of 48
which make 40.00 percentage followed by old age group
which make 34.16percentagethen young age group that
hold 25.83 percentage respectively.

Education : Table-1 revealed that most respondents
were literate (81.67%) and rest of respondents were

illiterate (18.33%). In Literate category 27.5 percent
respondent educated with secondary education followed
by Highschool (17.50%), primary education (16.66%),
Intermediate (13.33%), Graduate and above (06.66%)
respectively. In comparison of literacy rate of district
(52.49%) and block (51.37%), respondents have better
education.

Caste : Table-1 is shown that the highest number of
respondents were belonged to OBC caste (43.33%)
followed by SC/ST caste (33.33%) and only 23.33 percent
respondents were belonged to General caste. So, we say
that OBC and SC/ST caste were dominant in this area.

Marital Status : Table-1 shown that 93.33 percent
respondents were married and 6.66 percent respondents
were unmarried respectively.

Land Holding : There are four type of farmers according
to size of land holding. Table-1 stated that 49.16 percent
respondents were marginal farmers. Small farmers
(33.33%) were found highest after marginal farmers
followed by medium farmers (10.83%) and large farmers
(6.66%) respectively.

Family Type : Table-1 is indicated that the most
respondents were belonged to Nuclear family
withstanding of 71.66 percent while remaining of the 28.33
percent respondents were belonged to Joint family. So,
we can say that most of the people were belonged to
Nuclear family in research area.

Family Size : Table-1 indicated that most of the
respondents were lies into small size category with the
61.66 percent followed by medium size with 30.00 percent
and rest respondents were lies into large family size with
08.33 percent.

Income : Table-1 indicated that the average income of
respondents was 1,60,000 Rs. and Standard deviation
was 1.10. 40.00 percent farmers have income category
Up to 1,00,001 Rs to 2,50,000, followed by up to 1,00,000
Rs, t0 2,50,001 Rs to 5,00,000 Rs category (15.83%), and
above 5,00,001 Rs category (06.66%), respectively.

Social Participation : A cursory glance over the data
depicted in the table-1. show that 42.50 percent
respondents take no participation in any organization
while 37.50percent respondents were participated in one
organization and15.00 percent respondent were
participated in two organization and only 5.00 percent
respondent were involved in more than two organization.
Most respondents were not participated in any
organization.

Farm Power Possession : Table-1 is indicated that 40.00
percent respondents had Pumping set/diesel engine
followed by electric motor (26.16%), tractor (20.00%),



Table-1 : Distribution of Respondents according to their
socio-economic condition. N=120
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Variables Respondents
f %

1. Age
Young age (below 34) 31 25.83
Middle age (35 to 60) 48 40.00
Old age (above 61) 41 34.16
2. Education
llliterate 22 18.33
Literate 98 81.67
Primary school 20 16.66
Middle school 33 27.50
High school 21 17.50
Intermediate 16 13.33
Graduate & Post graduate 08 06.66
3. Caste
General caste 28 23.33
Other Backward caste 52 43.33
Scheduled caste 40 33.33
4. Marital Status
Married 112 93.33
Unmarried 08 6.66
5. Land Holding
Marginal Farmers (below 1) 59 49.16
Small farmers (1.01 to 2.00) 40 33.33
Medium Farmers (2.01 to 3.00) 13 10.83
Large farmers (above 4 ha.) 08 06.66
6. Family Type
Nuclear family 86 71.66
Joint family 34 28.33
7. Size of Family
Small family (below 4) 74 61.66
Medium family (5 to 8) 36 30.00
Large family (above 9) 10 08.33
8. Annual Income
Up to 1,00,000 Rs. 45 37.50
1,00,001 Rs to 2,50,000 Rs 48 40.00
2,50,001 Rs to 5,00,000 Rs 19 15.83
Above to 5,00,000 Rs 08 06.66
9. Social Participation
No participation 51 42.50
Participation in one organization 45 37.50
Participation in two organization 18 15.00
Participation in more than two 06 05.00
organization
10. Farm Power Possession
Bullock 08 6.66
Electric motor 35 29.16
Pumping set/ Diesel engine 48 40.00
Power tiller 05 04.16
Tractor 24 20.00
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Table-1 : Contd....
Variables Respondents
f %
11. Farm Implement Possession
Cultivator 08 6.66
Seed drill 06 5.00
Thresher 07 5.83
Rotavator 02 1.66
Winnower 07 5.83
Chaff cutter 57 47.50
Disc Plough 01 0.83
Combine machine 04 3.33
Desi Plough 02 1.66
M.B. Plough 03 2.50
Pata 16 13.33
Sprayer 51 42.50
Spade 109 90.83
Sickle 120 100
Khurpi 120 100
12. Transportation Material Possession
Car 08 6.66
Truck 01 0.83
Pick up 02 1.66
Tractor Trolley 15 12.5
Bike/Scooter 73 60.83
Bicycle 114 95
Bullock cart 07 5.83
13. House Hold Material Possession
Double bed 37 30.83
Sofa set 22 18.33
Dressing Table 06 05.00
Gas cylinder 58 48.33
Electric press 62 51.66
Pressure cooker 39 32.50
Crockery 27 22.50
Fan 108 90.00
Cooler 34 28.33
Solar light 04 03.33
Heater 01 00.83
Cots 120 100.00
Sewing machine 50 41.66
Chair 120 100.00
Wall watch 120 100.00
14. Communication Media Possession
Radio 64 53.33
T.V. 104 86.66
D.T.H. 91 75.83
Mobile phone 120 100.00
Computer 02 01.66
Laptop 21 17.50
News Paper 06 05.00
15. Economic Motivation
Low (up to 17) 29 2417
Medium (18-21) 85 70.83
High (22 and above) 06 05.00
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Table-1 : Contd....

Variables Respondents
f %

16. Scientific Orientation
Low (up to 19) 24 20.00
Medium (20-24) 87 72.50
High (25 and above) 09 07.50
17. Risk Orientation
Low (up to 19) 37 30.84
Medium (20-23) 69 57.50
High (24 and above) 14 11.66
18. Extension Contact MPS Rank
Formal Sources
B.D.O. 1.10 \
A.D.O. 1.73 v
V.D.O. 2.48 Il
Gram Pradhan 3.71 |
Co-operatives 1.25 \Y
Fertilizers/Seed Stores 2.30 1]
Informal Sources
Family Members 6 |
Neighbours 5.12 Il
Friends 4.60 1]
Relatives 2.29 \Y
Local leaders 2.90 \%
Progressive farmers 1.58 VI
Mass Media Exposure
Radio 04.72 ]
T.v. 05.50 l
News paper 03.25 1]
News bulletins 00.37 Xl
Farm magazines 00.44 X
Circular letters 00.23 XIl
Agricultural Books 00.62 IX
Posters 00.81 Ml
Farmers Fair 00.78 VIl
Demonstration 00.92 VI
Folders 00.95 \Y
Others 01.80 [\

f= Frequency, %= Percentage, MPS= Mean Per Score

Bullock (06.66%) and power tiller (04.16%) were observed
respectively.

Farm Implements Materials : Table-1 revealed that cent
percent respondent have Sickle and khurpi in their home
followed by spade (90.83%), chaff cutter (47.5%), sprayer
(42.50%), pata (13.33%), cultivator (06.66%), Thresher
and winnower (05.83%), seed drill (05.00%), combine
machine (03.33%), MB plough (02.50%), rotavator and
deshi plough (01.66%) and disc plough (00.83%)
respectively.

Transportation Material Possession : Table-1 revealed
that most of the respondent have bicycle (95.00%)
followed by bike/scooter (60.83%), Tractor with trolley

(12.50%), car (06.66%), bullock cart (05.83%), pickup
(01.66%) and truck (00.83%) respectively.

Note : It would be better to note that the maximum farmers
having marginal or small piece of land but their condition
of farm power, farm implements and transportation
materials was considerably good because the farmers use
these materials for providing services to other farmers on
hired basis.

House Hold Materials Possession : Table-1 revealed
that cent percent respondent has cots, chair and wall
watch while 90 percent have fan, followed by electric
press (51.66%), gas cylinder (48.33%), sewing machine
(41.66%), pressure cooker (32.50%), double bed
(30.83%), cooler (28.33%), crockery (22.50%), sofa set
(18.33%), dressing table (05.00%), solar light (03.33%)
and heater (00.83%) respectively.

Communication Media Possession : Table-1 revealed
that cent percent respondents have mobile phone
followed by 86.66 percent have T.V., 75.83 percent have
DTH, 53.33 percent have radio, 17.50 percent have
laptop, 05.00 percent uses newspaper for information and
rest 01.66 percent have computer in their home for
communication.

Economic Motivation : The mean of scientific orientation
was 18.85 and Standard deviation was 01.99 with a range
of minimum 13 and maximum 23. The table-1 revealed
that most of respondents were lies into medium category
(70.83%) followed by low category (24.17%) and high
category (05.00%) respectively.

Risk Orientation : The mean score of risk orientation is
20.91 and Standard deviation is 02.24 with a range of
minimum 15 and maximum 25. Table-1 show that 57.50
percent respondents were lies into medium category
which followed by low category (30.84%) and high
category (11.66%) respectively.

Scientific Orientation : The mean of scientific orientation
was 21.60 and Standard deviation was 2.32 with a range
of minimum 15 and maximum 26. The table-1 revealed
that most of respondents were lies into medium category
(72.50%) followed by low category (20.00%) and high
category (07.50%) respectively.

Extension Contact : Extension contact is dividing into
three categories viz. formal sources, informal sources,
and mass media exposure. These categories were
resulted by Mean Percentile Score (MPS) as rank wise in
descending order.

Table-1 revealed that mean percentile score of
formal sources 2.09, the descending order of formal
sources were Gram Pradhan (3.71) followed by VDO
(2.48), Fertilizers/seed stores (2.30), ADO (1.73),
Co-operatives (1.25) and BDO (1.10) respectively.
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The mean score of informal sources is 3.74 and
descending order of informal sources were Family
member (6), Neighbors (5.12), Friends (4.60), Local
leaders (2.90), Relatives (2.29), and Progressive farmers
(1.58) respectively.

The mean score of mass media exposure were 1.70
and their descending order were T.V. (05.50), Radio
(04.72), Newspaper (03.25), Others (01.80), Folders
(00.95), Demonstration (00.92), Posters (00.81), Farmers
Fair (00.78), Agricultural Books (00.62), Farm magazines
(00.44), News bulletins (00.37) and Circular letters
(00.23) respectively. The overall mean of extension
contact was observed 2.51.

Conclusions

Village is the prime institute striving for integrated rural
development. Study focuses on socio-economic status of
farmers. The study indicated, It was observed that majority
of farmers were middle aged and literate including formal
and informal education. Other backward caste farmers
were dominantly engaged in farming. majority of nuclear
family system were found in existence having less than 4
members in their families. Maximum respondents were
marginal farmers. Farmers were found such who had
earning of Rs. 1,00,001 to 2,50,000. pumping set/diesel
engine for farm power were dominant farm power along
with farm implements. The bycycle was main conveyance
with all respondents. The T.V. possessed by majority. The
majority of farmers were have no participate in any
organization. The majority of respondents had formal
source of information is gram pradhan, informal source of
information is family members and television are major
source of information in mass media. The economic
motivation (70.83 per cent), scientific orientation (72.50%)

and risk-orientations (57.50%) were observed of medium
levels.
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Abstract

A field experiment was conducted to study the “Consequence of optimum levels of fertilizer on ascorbic acid, protein, proline
and phenolics analysis of chilli (Capsicum annuum L.) Cv. Pant C 1”. The experiment was conducted with a randomize block
design (RBD) in field and completely randomized design (CRD) in laboratory three replication with twenty treatments
combinations. There were two levels of nitrogen (40 & 80 kg nitrogen per hectare), one level of phosphorus (35 kg P20s per
hectare), two levels of potassium (35 and 60 kg K20 per hectare) and two levels of farmyard manure (20 and 25 tonne per
hectare). The higher content of ascorbic acid and total extractable colour of chilli fruits under Ty treatment. Potassium contents
shoot and fruit portion of chilli increased with increased levels of potassium. The higher uptake of nitrogen, phasphorus and
potash by chilli plants was observed with the application of nitrogen, phasphorus, potash and farmyard manure. Among all
treatment combinations, fertilizer dose of nitrogen, phoshphorus, potassium and farmyard manure 80:35:35 kg and 25 t ha ' (T
treatment) was found to be most and best of chilli cultivation. The present studies consequence of optimum levels of fertilizer on
biochemical analysis (ascorbic acid, protein, proline and phenolics) of chilli found significant effect on Tgtreatment in all over 20

treatments with control.

Key words : Fertilizer, ascorbic acid, protein, proline, phenolics, chilli, North, West, Himalaya.

Introduction

Chilli (Capsicum annuum L.) is an essential charming
piquant vegetable extensively cultivated in India and
belongs to the family Solanacae. Mexico is considered as
the centre of origin and Guatemala, the centre of diversity.
According to the Food and Agriculture Organization (FAO)
of the United Nations (FAO, 2003), worldwide the
percentage change in the area and production of chilli are
consistently increasing but the productivity of chilli in India
is 9.18 t ha" where as it is 14.4 t ha of the world. The
reduction trend in the last few decades seems to be due to
some pathogenic agencies as well as seasonal
fluctuations. Plant pathogens decreased fabrication
crosswise the world annually by more than 20 percent on
average, however, individual fields may sustain losses of
50 to 100 percent from one or more pests (Dhaliwal and
Koul, 2007). Plant parasitic nematodes are one of the
major biological constraints around the world in almost all
types of crop plants and they cause severe losses in the
productivity of chilli (Tiyagi et al., 2009; Moon et al., 2010).
Organic sources of nutrients like farmyard manures,
composts, and botanical residues are extensively used in
various crops. Under integrated nutrient management
programmes, the best available alternative lies in the
complimentary use of bio-fertilizers and organic manures
in suitable combinations with chemical fertilizers. This
ensures higher productivity, minimizes expenditure on

costly fertilizer inputs and improves the efficiency of added
fertilizers and at the same time yields good soil health
(Bandyopadhyay and Puste, 2002; Luxminarayana and
Patiram, 20086).

It is an essential ingredient of Indian curry, which is
characterized by tempting colour and titillating pungency.
India exports chillies to USA, Russia, Canada, ltaly,
Netherlands, Singapore, Saudi Arabia, UAE, Israel,
Japan and West Germany in the form of dry pods, chilli
powder and oleoresins. India being a largest chilli
producer has vast potential to increase production in
order to facilitate export besides meeting domestic
requirements. Chilli is being used in food and beverage
industries for its oleoresin which imparts characteristic
colour and flavour to food. India is a leading country in the
world with an area of 9.15 lakh hectares with production of
10.18 lakh tonnes of dry chilli (Peter & Nybe, 2002).

Materials and Methods

The present investigation was carried out during Kharif,
2013 and 2014 at the Sabli Village, tok Guryali and
subsequent seed quality were evaluated after harvesting
at seed testing laboratory of Scientific and Applied
Research Centre (SARC), Meerut, Uttar Pradesh. The
observations was recorded on the

Ascorbic Acid : Freshly harvested green chilli was used
for ascorbic acid estimation. It was determined
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volumetrically by reducing 2, 6-dichlorophenol indophenol
dye to get a pink end point (Sadasivam and Manikam,
1992) and expressed as mg per 100 g.

Determination of Total Ascorbic Acid : Fujita and
Iwatake (1935) 200 mg fresh tissue was homogenized in
4% oxalic acid and centrifuged at 500 rpm for 5 min. Pellet
was discarded and in the supernatant oxalic acid was
added and final volume was made to 4 ml.

Determination of Total Protein : 50 mg fresh tissue was
homogenized in 5 ml chilled common extraction- cum-
assay buffer i.e. trismaleate buffer (0.2 M) pH 7.2 and
centrifuged at 1000 rpm at low temperature for 5 min.
Pellet was discarded and supernatant was collected.

Estimation of Proline content : Bates et al. (1973) 50 mg
of fresh plant material was extracted in 10 ml of 3 percent
(aqueous) sulpho salicylic acid.

Estimation of Total Phenolic Content : Bray and
Thorpe, (1954) for this, 50 mg fresh plant material, dried
over filter paper, was homogenized in mortar and pestle
with small amount (2 ml) of 80 percent ethanol.

Results and Discussion

Biochemical status (Chilli plants and Fruit study) :
Different quality attributes of the chilli plants (leaf, shoots
and roots) and fruits (green and red) were investigated
during the maturation stages.

Ascorbic acid in root, shoot and leaves : In shoots of
chilli plants the amount of ascorbic acid was greater than
leaves and roots. The amount of ascorbic acid in shoot
recorded 12.57 mg (45 days) followed by 10.80 mg in
leaves (45 days) and 7.60 mg in roots (90 days) in Tg
treatment (Table 01). Ascorbate content of roots, shoots
and leaf also increased in To treatment with plant age, the
ascorbate content increased progressively, plant age 15
to 90 days old roots with different levels of fertilizer
application and less ascorbic acid than the control (T4
treatment). The  ascorbate content increased
progressively, plant age 15 to 45 days and decreased 60
to 90 days old leaves and shoots with different levels of
fertilizer application and less ascorbic acid than the
control (T treatment). The shoot and leaves, there was
zig-zag pattern. Similar results were reported by
(Kachoosangi et al., 2008), (Thomas et al., 1998) and
(Todd et al., 1977)

Ascorbic acid in green fruit and red ripe fruit : Ascorbic
acid content was observed at different fruit stages such as
at green stage and red ripened stage. Maximum ascorbic
acid content was observed 19.13 mg in seeds of green
chilli. In red ripe fruit maximum ascorbic acid content was
observed 6.53 mg also in seeds in Ty treatment. Similar

results were reported by (Kachoosangi et al., 2008),
(Thomas et al., 1998) and (Todd et al., 1977)

Protein in root, shoot and leaves : In roots of chilli
plants the amount of protein was greater than leaves and
shoots. The amount of protein in root recorded 235.62
mg, 118.67 mg in leaves and 102.30 mg in shoots of chilli
plant at 15 days in To treatment. Days after radicle
emergence in root, shoot and leaf and the range of protein
from 30.92 to 235.62, 28.87 to 102.30 and 57.00 to
118.67 mg of 15 to 90 days after roots, shoots and leaves
samples. Days old roots, shoots and leaves the protein
content increased with increasing fertilizer levels, but
protein content decreased with increasing old roots,
shoots and leaf days (table-2).

Protein in green fruit and red ripe fruit : The protein
characteristics have been presented in table 02 reveals
differences for treatments. Protein content increased in
fruit wall and seeds with different levels of fertilizer.

Protein in green fruit : Maximum protein (65.57 mq)
content was observed in fruit wall of Ty treatment, followed
by Tg treatment (65.40 mg) grown plants. In fruit wall and
seeds same pattern was observed i.e. in control (T,
treatment) grown plants the amount of protein decreased
but in compared to all treatments. Maximum protein value
in seeds (84.60 mg) was found under Ty treatment
followed by Tg treatment (83.97 mg). While the minimum
average value of protein in fruit wall and seed (59.03 and
62.80 mg) was observed under T4 (control) treatment. The
treatments attain a protein range from 59.03 to 65.57 mg
to fruit wall and 62.80 to 84.60 mg seeds.

Protein in red ripe fruit : In fruit wall it decreased value of
protein amount compared to seeds. The treatments attain
a protein range from 91.50 to 131.83 mg in fruit wall and
100.07 to 196.60 mg seeds. It was found that T4 (control)
treatment minimum protein in fruit wall and seeds (91.50
and 100.07 mg) while maximum value of protein in fruit
wall and seeds (131.83 and 196.60 mg) was observed for
Tg treatment, followed by Tg treatment (125.93 mg fruit
wall and 188.50 mg seeds).

Proline in shoot and leaf : In shoots of chilli plants the
amount of proline was greater than leaf. The amount of
proline in shoot recorded 197.00 mg and 185.33 mg was
recorded in leaf of chilli plant at 15 days in Tg treatment.
Similar results were reported by Sharma et al., 2012.
Shoots showed differences in their amounts of proline
under salt stress. In shoots proline increased markedly
under the fertilizer stress upto Ty treatment, at control T,
treatment it decreased compared to other treatment with
fertilizer application sowed table 03 and 04. The chilli
leaves showed differences in their amounts of proline
under salt stress. In leaf proline increased markedly under
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the fertilizer stress upto Tg treatment, at control T,
treatment it decreased compared to other treatment with
fertilizer application sowed table 03 and 04.

Phenolics in shoot and leaf : Maximum amount of
phelonics was observed 55.33 mg in leaf of chilli plant and
40.40 mg was recorded in shoots of chilli plant at 90 days
under Ty treatment. The amount of phenolics in 15 days
old leaves and shoot sample decreased, Phenolic
contents were more in leaves compared to shoots in
maximum sets. Maximum phenolics were recorded in 90
days old shoot samples. Fertilizer increased the level of
phenolics in 15, 30, 45, 60 and 75 days old shoot, the
amount of phenolics was affected differently by the
optimum levels of fertilizers. In days after radicle
emergence shoots phenolics increased markedly under
the increasing levels of fertilizer application (table 04).

This has not been previously discussed optimum
levels of fertilizer on biochemical analysis in chilli plants.
Previous work has constantly quantified ascorbic acid
based upon the fabric extracted & assumed 100%
extraction. Salinity treatments caused the better proline
content in Chili plant. The growth of fertilizer have
companionable solutes with proline is known to purpose
in osmotic amendment, safeguard of cellular
macromolecules from injure by salts, storage of nitrogen
and scavenging of free radicals. Many plants, both
halophytes and glycophytes, add proline as a nontoxic
and protective osmolyte under salinity, including
mangrove (Parida et al, 2002) and mulberry (Harinasut et
al, 2003). Proline accretion in reaction to minor salt
application may contribute absolutely to salt tolerance,
whereas the high deliberation in leaf tissues under high
salinity treatment may be partly due to leaf damage.
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Abstract

The experimental material for this study consisted of 45 F1s generated by crossing 10 parental lines, including HD2967, UP
2748, WH 1105, UP 2565, UP 2572, UP 2628, UP 2526, HD 3059, WH 1021 HD 3086 followed by half diallel mating (excluding
reciprocals crosses). Character association and path coefficient analysis were carried out for the assessed of genotypes for
yield and yield associated traits. Grain yield per plant had positive and significant associated with productive tillers per plant
followed by 1000 grain weight, flag leaf area cm, spike length (cm), grains per spike, biological yield per plant, harvest index
while plant height was negative significant days to heading at genotypic and phenotypic level. Path coefficient analysis
revealed highest positive direct effect on grain yield per plant via biological yield per plant followed by harvest index.

Key words : Wheat, path coefficient, genotypic correlation and phenotypic correlation.

Introduction

Wheat (Triticum aestivum L.) is a self-pollinated Poaceae
family member and one of the most widely consumed
cereals in many countries, including India. Avinashe et. al.
(2015).Wheat, which has higher protein content than
maize (corn) or rice, the other major cereals, is the leading
source of cereal and vegetable protein in human meals on
a worldwide scale. Mecha et. al. (2017). Only three
species, Triticum aestivum, Triticum durum, and Triticum
dicoccum, are widely cultivated. Triticum aestivum (bread
wheat) takes up more than 90% of the land, followed by
Triticum durum (9-10%) and a litle amount of wheat
under Triticum dicoccum. (Devesh et. al. 2021). Direct
selection for yield in breeding programmes might be
misleading because of the complicated correlation
between grain yield and its components. Naimatullah et.
al. (2018). Correlation studies and path analysis help to
understand the relationship between distinguishing traits
and grain yield. The magnitude and direction of the
association  between various yield contributing
characteristics and vyield can be determined using
correlation. The path coefficient (or) standardised partial
regression coefficient measures the direct effect of a
regression model on its response variable, whereas the
indirect effects of a predictor variable are measured by the
second component. When the variable for which indirect
selection is used has a high heritability and a high
correlation with yield, a higher yield response is obtained.
The least combination of heritability and correlation
coefficient values required for indirect selection to
outperform direct selection (Searle 1965). As a result,
correlation and path coefficient analysis were used to
examine grain yield and its contributing traits in wheat.

Materials and Methods

Ten genotypes of wheat (Triticum aestivum L.), namely
HD2967, UP 2748, WH 1105, UP 2565, UP 2572, UP
2628, UP 2526, HD 3059, WH 1021, and HD 3086, were
selected on the basis of their differences in origin,
adaptability and morphology. These parents all have
genetic variability in terms of yield level and different
desirable yield components. These genetic materials
maintained by Department of genetics and plant breeding,
G.B. Pant University of agricultural technology, Pantnagar
(U.K.). In this study, all possible single crosses were made
during the year 2017-18 to 10 x 10 half diallel mating.
During the 2018-2019 growing season, 45 F; with ten
different parents were used in a randomized block design
(RBD) experiment at Crop research farm, Janta Vedic
College, Baraut Baghpat (UP). In each replication, the
experimental material was sowed in three rows, with
parents and Fis. Each row was 2.0 m long, with a 25cm
inter-row gap and a 10 cm intra-row distance. Data was
obtained on five plants chosen at random of following
traits; Days to heading, days to maturity, Plant height, flag
leaf area (cm), number of productive tillers per plant, spike
length, number of grains per spike, 1000-grain weight,
biological yield per plant harvest index and grain yield per
plant. The genotypic correlation coefficient was calculated
based on the formulae given by Snedecor (1961). Path
analysis is carried out according to procedure describe by
Dewey and Lu (1959). Lenka and Mishra (1973) have
suggested scales for path coefficient analysis. The value
direct or indirect effects 0.00 to 0.09 (negligible), 0.10 to
0.19 (Low), 0.20 to 0.29 (moderate), 0.30 to 0.99 (high)
and more than 1.00.
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: Estimation of genotypic and phenotypic correlation coefficient for grain yield and yield associated traits.

Table-1

Grain yield/ Plants

Days to Plant Productive  Flag leaf Spike Grains per  1000-grain  Biological Harvest
height

Days to

Traits

yield/ Index

spike weight

length
(cm)
-0.186ns
-0.171ns
-0.186ns
0.075ns

Area (cm)

tillers/
plants
0.248*
0.235*
0.318*

maturity

heading

Plant
0.0035ns
0.010ns

(cm)
0.373*
0.359*

-0.176*
-0.161*
0.115*

0.095ns

-0.193ns
-0.172ns
0.173ns

-0.139ns
-0.128ns
-0.029ns
-0.027ns
-0.206*
-0.204*
0.788**
0.731**
0.437**
0.431**

-0.197ns
-0.186ns
-0.197ns
0.010ns

-0.213

-0.108ns
-0.085ns
-0.033ns
-0.024ns
-0.312**

Days to heading

-0.188ns
-0.213*

0.0305ns
0.0371ns

Days to maturity

0.145ns

0.121ns

0.269*

-0.260**
-0.257*
0.832**
0.772**
0.623**
0.614**
0.791*

-0.132ns
-0.129ns
0.409**
0.374*
0.434**
0.418**
0.677**
0.643**
0.457**
0.429**
0.580**
0.562**
0.120ns

-0.233"
-0.230*
0.590**
0.545**
0.434*
0.429**
0.622**
0.602**
0.555**
0.548**

-0.246*
-0.243*
0.638™
0.579**
0.461*~
0.449**
0.557**
0.532**

-0.253*
-0.245*
0.638™
0.586**
0.642**
0.623**

-0.300**
-0.294*
0.604*
0.567**

Plant height (cm)

-0.288**
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Productive tillers per plant

Flag leaf area (cm)

0.490**
0.478**
0.627**
0.622**
0.392*
0.389*

Spike length (cm)

Afsar Ahmad and R.K. Gupta

0.767**
0.734*

Grains per spike

0.724
0.686**
0.681**

1000- grain weight

0.794**
0.790**
0.669**
0.661**

Biological yield per plant

0.110ns

Harvest index

*: ignificant at 5% level of significance, **: Significant at 1% level of significance.
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Results and Discussion

The nature of relationships among traits is
determined using correlation and path
analysis, which plays an essential role in
the selection of desirable parents for
hybridization in the wheat improvement
programme. The phenotypic (pr) and
genotypic (gr) correlations between the
various characters shows in Table1. Grain
yield per plant had positively significantly
correlated with productive tillers per plant
(gr =0.832 pr=0.772) followed by
1000-grain weight (gr=0.686 pr=0.681),
flag leaf area (cm) (gr= 0.623 pr= 0.614),
spike length (cm) (gr= 0.791 pr=0.767),
grains per spike (gr= 0.734 pr= 0.724),
biological yield per plant (gr= 0.794
pr=0.790), harvest index (gr= 0.669
pr=0.661) while plant height was negative
significant (gr=-0.260 pr=-0.257), days to
heading (gr= -0.176 pr=-0.161) at
genotypic and phenotypic level. Similar
positive and significant findings were
reported earlier by Shamuyarira et. al.
(2019) for productive tillers per plant,
Ahmad et. al. (2016) for 1000-grain
weight, Singh et. al. (2020) for flag leaf
area Sherwan et. al. (2017) for spike
length, Nagar et. al. (2018) for grains per
spike, Shrief et. al. (2019) for biological
yield per plant and Amin et. al. (2019) for
harvest index whereas Kumar et. al.
(2016) for plant height and Rathod, et. al.
(2019) for days to heading and Kumar et.
al. (2018) for days to maturity reported
negative and significant at the genotypic
and phenotypic level. A negative
association between grain yield and days
to heading is desirable for earliness. As a
result, significant phenotypic connections
across characters were mostly attributed
to genetic origins, which could be
attributable to pleiotropic effects rather
than linkage between genes impacting
distinct characters. Each form of
genotypic association was thought to be
related to the effects of pleiotropy.
Mutagenesis would be employed to
achieve a new combination of features in
the situation of negative correlation
generated by pleiotropy. If the genotypic
correlation was caused by linkage,
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harvest index (0.192), spike length (0.034), and flag leaf
area. Secondly, highly indirect effects on grain yield,
through grains per spike via biological yield per plant
(0.406), moderate indirect effects of harvest index (0.214).
Similar finding were also reported by Fellahi et. al. (2013)
Bhutto et. al. (2016), and Rathod et. al.(2019).The present
investigation of biological yield per plant, productive tillers
per plant, and harvest index exhibits the greatest direct
and indirect positive effects against grain yield. Hence,
these traits would help to improve the grain yield in a future
breeding program.
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Abstract

A field experiment was conducted at Agricultural Research Station, Gangavati, UAS, Raichur, Karnataka, during kharif2019 to
study the influence of foliar spray of Plant Growth Regulators (PGRs) and nutrients on morpho-physiological parameters and
yield of paddy (Oryza sativa L.). The experiment was laid out in factorial RCBD and replicated thrice, where main plots as two
dates of transplanting i.e. D1 (Normal) and D2 (Late) and sub plots as foliar spray of nutrients and PGRs along with control viz.,
T1: NPK-19:19:19 (20000 ppm), T2: 6-BAP (20 ppm), Ta: salicylic acid (250 ppm), T4: mepiquat chloride (1000 ppm), Ts: borax
@ (10000 ppm) and Te: control. The results were obtained at 65 DAT indicated that D1 (Normal DOT) showed higher values as
compare to D2 (Late DOT) in all foliar sprays. Among different foliar sprays, T+ (NPK-19:19:19 @ 20000 ppm) recorded
significantly higher morphological parameters viz., plant height (102.55 cm), total dry matter production (32.98 g hill-"), total leaf
area (56.27 hill'), number of leaves (58.10 plant') and least number of senescent leaves (13.30). Whereas the next best
treatment was noticed in T2 (6-BAP @ 20 ppm) over rest of the treatments. The higher grain yield (21.55 plant') was recorded in
T1 (NPK-19:19:19 @ 20000 ppm) than other foliar sprays. It was concluded that D1 (Normal DOT) was the best situation and
among the foliar application of different agrochemicals, T+ (NPK-19:19:19 @ 2.0%) was found to be the best treatment, it was

ideal at 35, 45 DAT and at 55 DAT.

Key words : Dates of transplanting, foliar spray, nutrients, PGRs and grain yield.

Introduction

Rice (Oryza sativaL.) is the major source of food for nearly
half of the world’s population. The slogan “Rice is life”
comes from the understanding that rice based cropping
system are essential to everyone directly or indirectly for
the food security, livelihood improvement, cultural
heritage and sustainable development for the global
peace. Rice plays a major role in national economy in
many developing countries. Rice (Oryza sativa L.) is the
major source of food for nearly half of the world’s
population. Rice based cropping system are essential to
everyone directly or indirectly for the food security, where
it provides 30-75 per cent of the total calories to more than
3 billion Asians (Khush, 2014). Rice is cultivated round the
year in one or the other part of the country in various
ecologies spread over 46.2 m ha with a production of
117.32 million tons with productivity of 2585 kg ha’
(Anon., 2019). In Karnataka, rice is cultivated in the
command areas of cauvery, Tungabhadra Project (TBP)
and Upper Krishna Project (UKP) where transplanting is
predominant method of establishment. Foliar application
of nutrients was helps in avoiding the depletion of these
nutrients in leaves, thereby resulting in an increased
photosynthetic rate, better nutrient translocation of these
nutrients from the leaves to the developing seeds.

(Manonmani and Srimathi, 2009). Growth regulaters are
known to enhance the source-sink relationship and
stimulate the translocation of assimilates thereby
helping in effective flower formation. The application of
inorganic nutrients in combination with plant growth
regulator will also enhances the nutrient availability, in
turn increases the productivity (Chandrasekhar and
Bangarusamy, 2003). Spraying of 3.0% NPK (19:19:19)
without basal dose of fertilizer application recorded
highest seed yield as compared to only basal dose of
application (Das and Jana, 2015).The relevant study on
mepiquat chloride showed that as it decreases plant
height and the occurrence of lodging and likewise
enhanced yield more than the control (Mukherjee, 2020).
Some findings open a new window for the role to
exogenous application of salicylic acid in providing
tolerance to the plants against various pathogens (Singh
et al. 2015).

Materials and Methods

The experiment was laid out in factorial RCBD design with
three replications, six treatments including control and two
dates of transplanting i.e. normal and late transplanting of
rice. Foliar application of different agrochemicals at 35,45
and 55 days after transplanting was done to improve
morphological parameters and yield. The observations
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were recorded 10 days after each spray and at harvest.
The data on following observations was recorded during
the course of study by using standard procedures and five
pants from each net plot were selected randomly. The
parameters includes plant height, total dry matter
production, number of leaves plant™, total leaf area hill™
and number of senescence leaves. Grains were sun dried
for recording of grain yield plant™.

Results and Discussion

The data on plant height, total dry matter production and
grain yield with different treatments and at different times
of transplantation is presented in table-1 as well as the
interactions between these treatments and their
interactions with each other, to provide an understanding
of how plants are affected by dates of transplanting and
foliar spray of PGRs and nutrients. At 65 DAT, significantly
higher plant height (97.02 cm) was observed in Dy (normal
DOT) and lower plant height (93.92 cm) was observed in
D, (late DOT). Then, plant height is superior over other
treatments followed by T (NPK-19:19:19 @ 20000 ppm)
(103.23 cm), T, (6-BAP @ 20 ppm) (101.37 cm) and T,
(mepiquat chloride @ 1000 ppm) (100.36 cm). The least
plant height (86.47 cm) was observed in Tg (control) in
normal date of transplanting among the treatments &
same trend was observed in late date of transplanting.
There was no significant difference in the interaction
between dates of transplanting and foliar spray of
agrochemicals on plant height.

Significant difference was observed between the
treatments of different agrochemicals at all the stages of
growth and also between the dates of transplanting at 65
DAT. The variation in the plant height might be due to the
genetic makeup and their interaction with growing
conditions, their expression and the influence of the
exogenous application of agrochemicals.. These results
are in agreemented with the findings of Zamaninejad et al.
(2013) and Christopher et al. (1997) on morphological
characteristics of maize.

At 65 DAT, Dy (normal DOT) had considerably
higher total dry matter production (28.53 g hill") while D
recorded significantly lower plant height (25.71 g hill™)
(late DOT). Among different agrochemicals, higher total
dry matter production was recorded in T4 (NPK-19:19:19
@ 20000 ppm) (34.50 g hill™") followed by T, (6-BAP @ 20
ppm) (32.53 g hill') and T, (mepiquat chloride @ 1000
ppm) (30.42 g hill""). Ts (control) had significantly lower
total dry matter production (21.16 g hill'") among different
agrochemicals in the usual date of transplanting, and the
similar tendency was seen in the late date of
transplanting. On total dry matter production, there was
no significant difference in the interaction between
transplanting dates and agrochemicals.

One of the primary obstacles to realising the variety
RNR 15048’s productivity potential is the poor partitioning
of photo assimilates to the expanding reproductive
portions. Exogenous administration of agrochemicals,
their expression, and their interaction with growth
circumstances can improve grain filling capacity and yield
by manipulating the source-sink relationship (Ramesh
and Thirumuguran, 2001). The overall dry matter output
climbed gradually from 65 DAT through harvest,
according to the data. This could be because stored photo
assimilates are being directed toward the development of
reproductive organs. These findings are consistent with
Akanda et al. (1986), who found that three split nitrogen
applications were more successful than two splits in
increasing plant height and TDM output of boro rice.

With respect to grain yield plant”, Dy (normal DOT)
had a significantly higher (20.93) grain yield while D, had
a significantly lower (18.46) grain yield (late DOT).On the
grain yield plant”, there was no significant difference
between the different agrochemicals, nor was there any
interaction between the dates of transplanting and the
agrochemicals. The carbohydrates in rice grains originate
from photosynthesis which is predominantly carried out
in leaves (sources). Therefore, grain filling and rice yield
depend on the efficient transport of carbohydrates from
the leaves to seeds (sinks).

The infrastructure of plant is decided by
morphological  parameters  coupled with  more
photosynthetic activity which lead to higher biomass
production and also efficient partitioning of dry matter in to
reproductive parts. These results are in agreemented with
the findings of Vaiyapuri and Sriramachandrasekharan
(2003) who revealed that, salicylic acid sprayed @ 0.1%
registered the highest grain yield. Venkatakrishnan and
Balasubramaniam (1996) opined that the highest mean
seed yield of sunflower due to combined application of
along with 0.2% borax spray. Higher dose of IAA @
50ppm applied to the rice by Pandey et al. (2001) which
showed significant increase in the plant height and
produced highest grain yield.

The data on number of leaves plant™, the total leaf
area hill" and number of senescent leaves with the
different treatments in different dates of transplanting and
their interactions presented in table-2 as influenced by the
two environmental conditions. At 65 DAT, where
significantly higher (43.58) number of leaves plant”’ was
observed in D1 (normal DOT) and lower (38.60) number of
leaves plant’ was observed in D, (late DOT). Then,
treatment Ty (NPK 19:19:19 @ 20000 ppm) showed
significant difference as compare to the all other
treatments. The lowest number of leaves plant' was
observed at control in the both different environmental
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Table-1 : Influence of agrochemicals on plant height, total dry matter production at 65 days after transplanting and grain yield
plant’ of paddy at two situations.

Treatments Plant height (cm) Total dry matter Grain yield plant™ (9)
production (g hill")
D, D, Mean D, D, Mean D, D, Mean
Ti-Foliar application of NPK-19:19:19 103.23 101.87 102.55 34.50 31.47 32.98 22.92 20.18 21.55
@ 20000 ppm
To- Foliar application of 6-BAP @ 20 101.37 99.23 100.30 32.53 28.83 30.68 22.49 19.71 21.10
ppm
Ts-Foliar application of salicylic acid @  93.12 90.40 91.77 24.45 22.58 23.47 19.53 17.27 18.40
250 ppm
T4-Foliar application mepiquat chloride  100.36  97.34 98.83 30.42 27.70 29.05 21.81 19.55 20.68
@ 1000 ppm
Ts-Foliar application of borax @ 10000  97.60 93.39 95.48 28.20 24.21 26.20 19.87 17.43 18.65
ppm
Te-Control 86.47 81.36 83.90 21.16 19.54 20.35 18.94 16.66 17.80
Mean 97.02 93.92 - 28.53 25.71 - 20.93 18.46 -
D T DxT D T DxT D T DxT
S. Em (2) 1.00 1.73 2.45 0.84 1.46 2.07 0.69 1.19 1.68
CD @ 5% 2.95 5.12 NS 2.49 4.31 NS 2.01 NS NS
120 @ Plant height (cm) {Mean of D1*D2)

< M Total dry matter production (g per hill)
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Fig.-1 : Influence of agrochemicals on plant height, total dry matter production at 65 days after
transplanting and grain yield plant' of paddy at two situations.

condition. There was no significant difference in the
interaction between dates of transplanting and
agrochemicals on number of leaves plant”.

The rate of leaf production is of much importance in
rice plant that determines the physiological activity of the
plant, ultimately having greater influence on grain yield.
Similar results were obtained by Ali et al. (2014) it might
be due to combined application of growth regulator
(6-BAP) which reduces the ageing of leaves and
maintains greenness of leaves for longer period.
Muthulakshmi and Lingakumar (2016) reported that the
effect of foliar application of salicylic acid avoids
senescence process which led to enhance the number of
green leaves in blackgram, then more decline occur at
harvest due to the process of senescence.

At 65 DAT, the total leaf area hill" was showed
significant differences among the treatments at different
situations. The treatment T; (NPK 19:19:19 @ 20000
ppm) showed the highest total leaf area hill'* (56.98 dm?)
among treatments and the least total leaf area hill" (25.61
dm?® was observed in Tg (control) in normal date of
transplanting among the treatments & same trend was
observed in late date of transplanting. The treatments T,
(6-BAP @ 20 ppm) (51.47 dm?) & T, (mepiquat chloride
@ 1000 ppm) (48.06 dm?) were on par with each other.
There was no significant difference in the interaction
between dates of transplanting and agrochemicals and
also between dates of transplanting on the total leaf area
hill”".
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Table-2 : Influence of agrochemicals on number of leaves plant-1, the total leaf area hill" and number of senescent leaves of
paddy at two situations at 65 days after transplanting.

Treatments Number of leaves plant™
D, D, Mean

Total leaf area hill™ Number of senescent leaves

D, D, Mean D, D, Mean

Ti. Foliar application of 60.49 55.71 58.10 56.98 55.56 56.27 12.82 13.78 13.30

NPK-19:19:19 @ 20000
ppm

To-Foliar application of 54.77 49.06 51.92 51.47 50.47 50.97 17.47 18.63 18.05

6-BAP @ 20 ppm

Ts-Foliar application of 35.64 31.52 33.58 34.11 31.16 32.63 43.55 46.82 45.18

salicylic acid @ 250 ppm

T4-Foliar application 52.78 45.47 49.12 48.06 47.88 47.97 21.19 24.61 22.90

mepiquat chloride @ 1000
ppm

Ts-Foliar application of 31.70 26.33 29.02 41.88 41.02 41.45 38.90 39.17 39.03

borax @ 10000 ppm

Te-Control 26.13 23.50 24.82 25.61 20.05 22.83 50.51 51.35 50.93
Mean 43.58 38.60 - 43.02 41.02 - 30.74 32.39 -
D T DxT D T DxT D T DxT
S. Em (%) 1.06 1.82 2.60 1.09 1.89 2.67 0.72 1.25 1.77
CD @ 5% 3.12 5.39 NS NS 5.54 NS NS 3.69 NS
70 - B No.of leaves per plant (Mean of
D1*D2)

e B Total leaf area per hill (sq. cm)

= (Mean of D1*D2)
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Fig.-2 : Influence of agrochemicals on number of leaves plant”, total leaf area (cm” hill') and number of
senescent leaves hill'of paddy at two situations at 65 days after transplanting.

The leaf area being the photosynthetic surface plays
an important role in determining the total biomass
production and quantity of photosynthates available for
grain production These results are in agreemented with
the findings of Ayad and Saad (2011) who reported that
the foliar application of boron in sunflower during budding
stage on different genotypes recorded the significantly
higher leaf area and capitulum diameter. The same
results were recorded by Martin et al. (2010).

At 65 DAT, there were substantial differences in the
quantity of senescent leaves among the treatments in
various settings. The treatment T (control) had the largest
number of senescent leaves (50.51) among the

treatments, while Ty (NPK 19:19:19 @ 20000 ppm) had
the lowest number of senescent leaves (12.82) in the
usual date of transplanting, and the similar tendency was
seen in the late date of transplanting. T5 (Salicylic acid @
250 ppm) (43.55) and Ts (Borax @ 10000 ppm) (38.90)
therapies were comparable. There was no discernible
difference in the interaction between transplanting dates
and agrochemicals, as well as between transplanting
dates on senescent leaves.

The findings demonstrated that as the plant became
older, the number of senescent leaves rose. These results
are in agreemented with the findings of Pan et al. (2013)
who reported that 6-BA partially alleviated the detrimental
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effects of rice senescence by modulating the activity of
enzymatic antioxidants. The same results showed by Ray
et al. (1983).

Conclusion

The conclusion drawn from this investigation that, higher
plant height in Dy (Normal DOT) as compare to D, (Late
DOT) in all the treatments. T, (NPK-19:19:19 @ 20000
ppm) spray showed significantly higher value for both
dates of transplanting as compared to the Tg (Control) and
the next best treatment was T, (6-BAP @ 20 ppm) among
the different agrochemicals. The total dry matter
production, number of leaves plant”, the total leaf area
hill" and grain yield were also showed same trend the
between different situation & among different treatments.
But it was observed that more number of senescent
leaves in D, (Late DOT) as compare to Dy (Normal DOT)
in all the treatments. Tg (Control) spray showed
significantly higher number for both dates of transplanting
as compared to the Ty (NPK-19:19:19 @ 20000 ppm)
among the different agrochemicals.
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Abstract

Bioassays with entomopathogenic fungi, B. bassiana and M. anisopliae on Cardamom root grub, B. fulvicorne were conducted
to assess the LCso, LCg0 and LTso values and fiducial limits and regression parameters. The results of the study indicated that
the mortality of the insects was dependent on the concentration of the spore suspension of the fungus. The cumulative per cent
mortality varied with dose and time for both adult beetles and grubs for both the fungi. The dose and time taken for mortality of
the adults and grubs of B. fulvicorne was lower for B. bassiana when compared to M. anisopliae. The LC s of B. bassiana
estimated were 6.53 x 10 8 and 1.87 x 10 6 spores ml! against the adults and grubs of B. fulvicorne respectively and a spore
concentration of 3.99 x10 8 and 6.09 x 10 8 spores ml'* of M. anisopliae was required to cause 50 per cent mortality of the adults
and grubs of B. fulvicorne respectively at the highest test dose evaluated.

Key words : B. fulvicorne, Bioassay, B. bassiana, M. anisopliae

Introduction

Cardamom root grub, Basilepta fulvicorne Jacoby (Family:
Chrysomelidae) is one of the major pests of small
cardamom, causing upto 60 % crop loss in the cardamom
growing tracts of Kerala. The grubs are known to cause a
substantial yield loss of about 66 % in field level (7). Root
grubs are mainly controlled by applying chemical
pesticides in huge quantities, as roots are crucial for the
growth and yield of the crop. The repeated applications of
such chemicals are harmful for the beneficial flora and
fauna, along with the deleterious effects to the ecosystem.

B. bassiana and M. anisopliae are promising
entomopathogenic fungi extensively used for the
biocontrol of a wide range of economically important
insect pests (2,6) and differences exists in host specificity,
virulence and time taken for pathogenesis among both the
fungi towards various pests of crops (4). A perusal of
literature on the pathogenicity of B. bassiana and M.
anisopliae to the pest in the present study showed that not
much work has been undertaken earlier on the
assessment of the pathogenicity of both the fungi to the
cardamom root grub, B. fulvicorne.

Materials and Methods

The isolates of the fungi, B. bassiana isolate, PDBC Bb 5
and M. anisopliae isolate, PDBC Ma 4 used for the studies
were obtained from National Bureau of Agriculturally
Important Insect Pests (NBAII). The fungal isolates were
subcultured and maintained on Potato Dextrose Agar
(PDA) media at 27 + 5°C. Mass production of the fungi for

laboratory experiments was done in Potato Dextrose
Broth (PDB).

The adults as well as the immature stages of all the
test insects were captured initially from the field. The
insects thus collected were kept in rearing jars along with
their respective host plants for fifteen days in order to
screen the diseased insects. The field collected healthy
adult beetles were reared on polypet jars of size 30 cm
height and 15 cm diameter, the mouth of which were
covered with muslin cloth. Cardamom leaves and jack
fruit leaves were provided as food. Soil and stubbles of
Cardamom plants were also placed inside these jars for
enabling egg laying. The plant parts bearing egg masses
were removed periodically to rear the emerging grubs in
trays. The grubs of B. fulvicorne were reared on
cardamom rhizomes bearing fresh roots that were kept in
soil in plastic trays of size 30 cm diameter and 20 cm
deep. On pupation in soil, they were collected and kept in
jars for adult emergence. The decayed plant parts were
removed periodically to keep the trays clean.

Bioassay of the two fungi viz., B. bassiana and M.
anisopliae was carried out against the adults and grubs of
the cardamom root grub to determine the LCso, LCoo and
LTso values. The doses for bioassay against the adults
and grubs were fixed based on preliminary studies. Five
serial dilutions of the corresponding fungal spore
suspensions were prepared from 14 day old stock culture
of the fungus grown in potato dextrose broth (PDB). The
third instar grubs and newly emerged adults from the
culture stock of the insects were used for the study. The
fungal spore suspension was uniformly sprayed on to the
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Table-1 : Cumulative per cent mortality, LTs, and probit analysis of dose-mortality responses of adults of B. fulvicorne

treated with different spore concentrations of B. bassiana.

Concentration
(spores ml™)

Cumulative per cent mortality at
different intervals after treatment (Days)

LT 50 (Days)

7 14 18
2.2 x 10® 17.78 40.00 100.00 12.845
2.2 x 10’ 13.33 26.67 91.11 14.298
2.2 x 10° 8.89 17.78 82.22 15.538
2.2 x 10° 6.67 11.11 77.78 16.257
2.2 x 10 6.67 8.89 66.67 17.275
Control 0 0 0 0
Probit analysis
Days LCso Fiducial limit LCq Fiducial limit for x? Regression
tre::t:]; t (seoreg for LCs ; spores ; LCq (Sggg)es ml'1 equation
n ml'x10%) (spores ml (spores ml x
x10%) x10%)
7 6.53 5.93 - 6.81 12.65 11.48 - 13.23 1.288 Y = 2.368 + 1.759 x
14 2.82 1.93 - 5.66 6.35 4.27 - 13.53 5.033 Y = 3.024 + 2.534 x
18 0.02 0.01 - 0.04 0.19 0.13 - 0.22 2.455 Y = 5.402 + 2.389 x

Table-2 : Cumulative per cent mortality, LT 5o and probit analysis of dose-mortality responses of grubs of B. fulvicorne treated

with different spore concentrations of B. bassiana.

Concentration Cumulative per cent mortality at LT 50
(spores mlI”) different intervals after treatment (Days) (Days)
3 5 10 14
10° 20.00 44.45 64.44 100.00 6.598
10° 11.11 26.67 42.22 95.55 8.827
10* 6.67 22.22 26.67 75.55 11.258
10° 0.00 6.67 17.78 64.45 12.860
10° 0.00 4.45 15.55 53.33 13.848
Control 0 0 0 0 0
Probit analysis
Days LCso Fiducial limit LCq Fiducial limit for x? Regression
after (spores for LCso spores LCqo (spoges ml” equation
treatment ml'x10%) (spores ml" (spores ml” x10°%)
x10%) x10%)
3 1.87 1.73 - 2.01 3.23 2.97 - 3.67 8312 Y = 1751 + 3.372 x
5 1.11 0.98 - 1.24 243 2.18 - 2,59 11.367 Y = 1.079 + 4.293 x
10 0.63 0.59 - 0.68 1.78 1.56 - 1.84 7.686 Y = 6.699 + 4.985 x
14 0.002 0.001 - 0.004 0.06 0.04 - 0.12 2.924 Y = 3.977 + 2.698 x

adults and grubs using an atomizer and were then
released into rearing jars with fresh food. Three
replications were maintained for each adults and grubs.
The insects treated with distilled water alone served as
control for the experiment. The mortality of the adults /
grubs was recorded every day. The log dose probit
mortality data was statistically analysed after necessary
correction using Abbott’s formula (1) and the LCs, LCq
and LTsp values and fiducial limits and other regression
parameters were worked out using SPSS Statistics
Version 21 (5) as explained by Fang et al. (3).

Results and Discussion

The mortality of the adult B. fulvicorne inoculated with B.
bassiana was noticed from the seventh day onwards and
the rate of mortality ranged from 6.67 to 17.78 per cent,

the mortality increased to 8.89 to 40.00 per cent and 66.67
to 100 per cent on the fourteenth and eighteenth day after
treatment, respectively (Table-1). The shortest time span
required for the mortality of half the population of the test
insect was 12.845 days at the highest concentration of 2.2
x 10° spores mI™ and the longest duration of 17.275 days
was required for the lowest spore concentration of 2.2 x
10*spores ml™". A spore concentration of 6.53 x 10®spores
ml™" was recorded as the LC 5 value at 7 DAT. Whereas
the LCs values obtained for the fourteenth and eighteenth
DAT were 2.82 x 10® and 0.02 x 10® spores ml™,
respectively. The LC govalueson7, 14 and 18 DAT were
12.65 x 108 6.35 x 10® and 0.19 x 10° spores ml",
respectively.

The mortality of the third instar grubs of B. fulvicorne
was observed from the third day after inoculation with B.
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Table-3 : Cumulative per cent mortality, LT 50 and probit analysis of dose-mortality responses of adults of B. fulvicorne treated
with different spore concentrations of M. anisopliae.

Concentration

(spores ml™)

Cumulative per cent mortality at
different intervals after treatment (Days)

LT 50 (Days)

7 14 18
2.7 x 10 31.11 53.33 95.55 23.465
2.7 x 10’ 17.78 31.11 82.22 29.111
2.7 x 10° 8.89 15.55 73.33 40.056
2.7 x 10° 4.47 8.89 68.89 43.163
2.7 x 10 2.22 8.89 53.33 52.314
Control 0 0 0 0
Probit analysis
Days LCso Fiducial limit LCq Fiducial limit for x? Regression
after (spores for LCs spores LCqo (spoges ml” equation
treatment ml'x10%) (spores ml" (spores ml” x10°)
x10%) x10%)
7 3.99 3.64 - 4.35 7.58 6.89 - 7.74 6.682 Y = 1.429 + 3.947 x
14 2.42 2.18 - 2.71 5.39 5.11 - 5.54 8.109 Y = 1.040 + 5.161 x
22 1.18 1.02 - 1.25 1.67 117 - 1.79 7.134 Y = 4.624 + 3.647 X

Table-4 : Cumulative per cent mortality, LT 5o and probit analysis of dose-mortality responses of grubs of B. fulvicorne treated
with different spore concentrations of M. anisopliae.

Concentration Cumulative per cent mortality at LT 50
(spores ml™) different intervals after treatment (Days) (Days)
5 10 14 20
1.5 x 10° 6.67 33.33 37.78 97.78 11.170
1.5 x 107 6.67 15.55 33.33 91.11 17.667
1.5 x 10° 4.45 8.89 17.78 84.45 21.387
1.5 x 10° 0 4.45 13.33 73.33 28.972
15 x 10* 0 4.45 8.89 66.67 38.305
Control 0 0 0 0 0
Probit analysis
Days LCso Fiducial limit LCq Fiducial limit for x? Regression
after (spores for LCs spores LCqo (spoges ml” equation
treatment ml'x10°) (spores ml” (spores ml™ x10°%)
x10°) x10°)
5 6.09 4.85 - 7.99 10.11 8.32 - 12.16 5.295 Y = 1.946 + 1.351 x
10 2.10 1.53 - 3.56 3.99 2.86 - 7.08 3.536 Y = 1.426 + 4.185 x
14 2.1 1.83 - 2.39 4.99 4.45 - 513 8.649 Y = 1.937 + 2.958 x
20 0.08 0.05 - 0.13 0.56 0.29 - 0.62 7530 Y =2.939 + 6.998 x

bassiana but there was no mortality at the lower
concentration of 102 spores ml™ (Table-2). The per cent
mortality was 6.67 and 20 at 10* and 10° spores mI™". As
time elapsed mortality also increased and on the
fourteenth day cent per cent mortality was observed in the
grubs treated with 10° spores ml”. At the lowest dose of
10® spores ml™ mortality to the tune of 53.33 per cent was
observed. The minimum period of 6.598 days was
recorded for obtaining 50 per cent kill of the grubs at the
highest spore concentration of 10° spores mI" whereas a
period of 13.848 days was required to kill half the
population of the test insects at the lowest dosage of 102
spores ml". The LC s, values derived from the probit
analysis of log dose-mortality of the insects on the third,
fifth, tenth and fourteenth DAT were 1.87 x 10% 1.11 x
105, 0.63 x 10° and 0.002 x 10° spores ml”, respectively

and the LC g values recorded for the corresponding days
were 3.23 x 10°%, 2.43 x 10° 1.78 x 10° and 0.06 x 10°
spores ml”, respectively.

From the seventh day onwards, mortality was
noticed in M. anisopliae treated adult B. fulvicorne and it
ranged between 2.22 to 31.11 per cent in the different test
doses from 2.7 x 10* to 2.7 x 108 spores ml'(Table-3).
This increased and ranged between 8.89 to 53.33 and
53.33 to 95.55 per cent at 14 and 22 DAT respectively.
The time taken for attaining 50 per cent kill of the test
insects at the highest spore concentration of 2.7 x 10°
spores mlI' was 23.465 days, whereas in the lowest
concentration of 2.7 x 10" spores ml” took 52.314 days.
The LC 5o values of M. anisopliae for B. fulvicorne was
obtained as 3.99 x 108, 2.42 x 10% and 1.18 x 10°® spores
ml™ on 7, 14 and 22 days respectively after treatment.
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The LC g values for the corresponding days were 7.58 x
108, 5.39 x 10% and 1.67 x 10°® spores ml™.

The grubs of B. fulvicorne were found to be dead on
the fifth day after treating with M. anisopliae, and the
mortality ranged between 4.45 to 6.67 per cent in the
different spore concentrations ranging from 1.5 x 10° to
1.5 x 10% spores ml”" whereas there was no mortality in
the lower doses of 1.5 x 10* and 1.5 x 10° spores ml
(Table-4). The mortality rate gradually increased and
ranged from 4.45 to 33.33 per cent, 8.89 to 37.78 per cent
and 66.67 to 97.78 per cent at 10, 14 and 20 days after
inoculation with the fungus with spore concentrations
ranging from 1.5 x 10* to 1.5 x 108 spores ml™". Inorder to
kill half the population of the grubs of B. fulvicorne 11.17
days was taken at the highest spore concentration of 1.5
x 10° spores ml”', whereas in the lowest concentration of
1.5 x 10" spores mI"" the maximum time span of 38.305
days was taken. The LC 5, values computed based on the
log dose-mortality data of the fungus and the test insect
showed that a spore concentration of 6.09 x 10%, 2.10 x
108, 2.11 x 10® and 0.08 x 10® spores mlI™ were essential
at5, 10, 14 and 20 DAT, respectively, to attain 50 per cent
kil of the grubs of B. fulvicorne and that a higher
concentration of 10.11 x 108, 3.99 x 10®, 4.99 x 10® and
0.56 x 10° spores ml”" could bring 90 per cent mortality of
the test insects at 5, 10, 14 and 20 days after inoculation,
respectively.

Conclusions

The studies on the screening of cardamom root grub to the
entomopathogenic fungi proved that the pest is highly
susceptible to both the test fungi involved in the present
experiment. Mortality of B. fulvicorne treated with B.
bassiana was observed from the seventh day onwards. It
was found from the probit analysis, that a spore
concentration of 6.53 x 10 ® spores ml” was required to
cause fifty per cent mortality of the adults and a
concentration of 12.65 x 10% spores mI"" was required to
bring 90 per cent mortality. The grubs of B. fulvicorne
were highly susceptible to the infection of B. bassiana as it
was evident from the mortality observed from the third day

after treatment and the lower dose of 1.87 x 10 ° spores
ml™" required for the grubs when compared to the adults.
The computed LC s of M. anisopliae for the adults of B.
fulvicorne it was 3.99 x10 ® at 7 DAT. The grubs
succumbed to the infection of M. anisopliae at a lower
dose compared to the adults as in the case of B. bassiana
infection. The LC s, computed for the grubs of B.
fulvicorne was 6.09 x 10 & spores ml" at 5 DAT.
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Abstract

The ten wheat varieties were correlated based on various morphological characters of seed during storage against Sitophilus
oryzae. The study also carried out through F test on population growth and weight loss against this pest. The highest number of
adults were emerged in the variety GW1 and proved to be most preferred variety to S. oryzae followed by GADW3, GW451 and
GW366. The percentage of loss in weight of different wheat varieties due to rice weevil ranged from 11.11 to 50.18. The lowest
weight loss was recorded in GW11 variety followed by GW366, GW496 and GW322, LOK-1, HI1544 and GW173. The higher
weight loss was recorded in GW451, GW1 and GADW3 which may found more preferred by S. oryzae. The correlation between
seed hardness and weight loss due to this pest was highly significant (r= -0.86**) and negatively correlated with weight loss.
There was no any significant relationship between the different characters of seed viz., length of seed, width and weight of 100
seeds of different varieties with the weight loss of grain due to infestation of S. oryzae. Whereas, the correlation between seed
hardness and weight loss by this pest was highly significant (r= -0.86**) which showed negatively correlated with weight loss. It
indicated that the varieties having higher seed hardness were least preferred by adults and vice-versa.

Key words : Morphological characters, correlation, wheat, Sitophilus oryzae

Introduction

Wheat (Triticum aestivum Linnaeus) belongs to the
poaceae family which is the second most produced food
among the cereal crops after maize (Gilles et al., 2001).
Wheat is the major staple food crop which providing
almost half of all calories to the people in the region of
North Africa, West and Central Asia. Wheat is first most
importance cereal crop consumed in the world. Global
production of wheat was 772.64 million metric tonnes in
2020 —'21 and it was 107.18 million metric tonnes in India
during 2019 —'20 (Statista, 2021). Stored product pests
can cause post-harvest losses estimated up to 9 and 20
per cent in developed and developing countries (Phillips
and Throne, 2010). The post-harvest losses of food grain
was estimated about 12-16 million metric tonnes each
year in India (Singh, 2010). In India, the post-harvest
losses caused by unscientific storage, insect- pests,
rodents, micro-organisms etc., account for about 10 per
cent of total food grains. About 500 species of insects
have been associated with stored grain products. Nearly
100 species of insect pests of stored products are known
cause economic losses. Rice weevil, S. oryzae
(Curculionidae: Coleoptera) is a serious insect pest of
various food grains under storage and it causing up to 50
per cent loss in weight (Koura and El-Halfwny, 1967).
Correlation study on morphological characters of different
wheat verities provide information regarding its preference
for feeding which will help as protective measures for its
susceptibility.

Materials and Methods

The correlation study was carried out on different
morphological characters of different wheat varieties
against S. oryzae based on population growth and weight
loss of grain by this pest. The experiment was carried out
in the laboratory of Department of Entomology. B.A.
College of Agriculture, Anand Agricultural University,
Anand during 2020-2021.

Evaluation based on population growth of rice weevil,
S. oryzae : For each variety, three samples of wheat grain
(50 g one sample for one repetition) was filled in plastic
tube individually. Twenty adults of S. oryzae (5 to 10 days
old) were released in each tube for egg laying which was
covered with two-fold muslin cloth kept in position using
rubber band. The adult introduced for oviposition were
discarded from each tube after 7 days of exposure. The
tube was covered with two-fold muslin cloth to facilitate
aeration and prevent escape of adult. The observations on
number of adults (live + dead) developed in each
repetition were made after 6 months of storage. The data
on number of adults developed after 6 months of storage
were subjected to ANOVA after transforming them to
logarithm.

Evaluation based on weight loss of grain against rice
weevil, S. oryzae : The hundred (100) grains were
collected randomly after six month of storage from each
sample and segregated into weevilled grain and germ
eaten grain. The weevilled, germ eaten (Plate 3.3C and D)
and 100 undamaged grains were weighed using mono
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Table-1 : Susceptibility of wheat varieties to S. oryzae based on population growth, weight loss and various morphological

characters.
Treatment Number of adults Weight loss Length Width 100 Seed Seed
emerged out* (%) @ (mm) (mm) weight (g) hardness (N)

T, GW366 2.49ab (315.35) 23.58e (16.01) 7.48 3.71 4.61 75.33
T, GW322 2.39bc (245.69) 25.63e (18.72) 6.51 3.31 4.29 79.00
Ts GW496 2.40bc (2583.33) 25.19¢ (18.12) 6.65 3.49 3.90 79.66
T4 GW451 2.55a (358.34) 45.10a (50.18) 6.67 3.12 6.06 65.00
Ts HI1544 2.37bc (234.74) 27.99d (22.04) 6.66 3.26 4.05 84.33
Te GW173 2.39bc (249.68) 30.40c (25.62) 7.03 3.22 4.15 72.66
T, GW11 2.35¢c (224.90) 19.47f (11.11) 7.23 3.17 4.21 86.66
Ts GADWS3 2.62a (420.04) 39.91b (41.17) 9.80 3.36 4.37 71.33
To GWA1 2.62a (421.50) 41.36b (43.68) 8.18 3.21 4.46 69.00
T1o LOK-1 2.41bc (259.53) 27.83d (21.80) 7.70 3.30 5.37 76.33
S. Em. + 0.04 0.67 0.06 0.05 0.14 1.32
F Test (T) Sig. Sig. Sig. Sig. Sig. Sig.
C.V. (%) 2.79 3.82 1.40 2.92 5.34 3.01
Correlation — — 0.40 -0.41 0.51 -0.86**

coefficient (r)

Notes : 1. Figures in parentheses are retransformed values those outside are log*and arc sin@ transformed values.
2. Treatment mean(s) with letter(s) in common are not significant by Duncan’s New Multiple Range Test (DNMRT) at 5% level of

significance.
3. N: Newton

pan electronic balance. Based on data, the per cent loss in
weight was calculated by using the below mentioned
formula given by Srivastava et al. (1973). The data on per
cent loss in weight were subjected to ANOVA after arc sin
transforming.

(W + G)—100
S(W, + G,)

Where,
L = Per cent loss in weight

W = Percentage (by number) of weevilled grains
G = Percentage (by number) of germ eaten grains
S = Weight of 100 undamaged grains (g)

W, = Weight of weevilled grains (g)

Gy = Weight of germ eaten grains (g)

Evaluation based on seed size, seed weight and seed
hardness of grain against rice weevil,

S. oryzae : The size of wheat seeds determined in terms
of length (l) and width (w) was measured by INDOSAW
seed image analyzer and is expressed in units of mm. The
samples of hundred seeds taken from each variety
randomly and weighed out with the help of mono pan
electronic balance. To record the seed hardness, three
grains from the stored bulk was selected randomly and
analyzed using a standard texture analyzer. Hardness
was measured by comparison, individual grains made to
crack by applying pressure and the cracking point was

recorded. The hardness is expressed in Newton.
Correlation between physical characters of the varieties
and weight loss made by the pest was also worked out.

Results and Discussion

Evaluation based on population growth of rice weevil:
The data on number of adults developed due to initial
oviposition in a week by twenty adults of S. oryzae and
after 6 months of wheat storage in laboratory are
presented in Table 1 revealed that significant lowest
number (224.90) of adults emerged in GW11 which was
at par with HI1544, GW322, GW173, GW496 and LOK-1
varieties resulted 234.74, 245.69, 249.68, 253.33 and
259.53 number of adults emerged respectively. The next
inturn in increasing order of adult emergence was GW366
(815.35). The highest number of adults were emerged in
the variety GW1 (421.5) and proved to be most preferred
wheat variety to S. oryzae which was at par with GADW3
(420.04) and GW451 (358.34). The GW451 variety was
also at par with GW366 recorded 315.35 adult
emergence. The present investigations are also
accordance with findings of Sharma (1984), Tiwari and
Sharma (2002) who found similar variation in adult
emergence on wheat varieties indicates the
susceptibility/resistance of that variety. Similarly, Patel
(2006), Yadav and Bhargava (2008) and Verma et al.
(2012) also reported that the maximum and minimum
number of adult emergence of this pest on different
varieties of wheat.
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Evaluation based on weight loss : The data on per cent
loss in weight due to infestation by S. oryzae after storage
for six months period (Table 1) clearly indicated that the
lowest significant 11.11 per cent weight loss was recorded
in variety GW11 followed by GW366 (16.01%), GW496
(18.12%) and GW322 (18.72 %) which were found at par
with each other. The variety LOK-1 and HI1544 registered
21.80 and 22.04 per cent weight loss and was found at par
with each other followed by GW173 (25.62). Among the
screened varieties under present investigation, higher
weight loss was observed in GW451 (50.18%), GW1
(43.68%) and GADW3 (41.17) which proved as more
preferred by S. oryzae. According to Yadav et al. (2018)
the percentage of loss in weight of different wheat
varieties due to rice weevil ranged from 8.33 to 16.29
being maximum weight loss in Raj-1482, while minimum
weight loss in Raj-4037. The weight loss due to damage
by rice weevil may be differed due to varieties under study.

Evaluation based on seed size, seed weight and seed
hardness of wheat grain against rice weevil : The
different characters of seed viz., length of seed, width and
weight of 100 seeds and seed hardness of different
varieties of wheat are presented in Table 1. The results
revealed that there was no any significant relationship
between the different characters of seed viz., length of
seed, width and weight of 100 seeds (r=-0.41 to 0.51) of
different varieties with the weight loss of grain due to
infestation of S. oryzae. Whereas, the correlation between
seed hardness and weight loss was highly significant (r=
-0.86**) and negatively correlated with weight loss. This
indicates that the varieties having higher seed hardness
were least preferred by adults and vice-versa. The results
of correlation between seed hardness and weight loss due
to S. oryzae in the present investigation are in accordance
with the findings of Verma et al. (2012) who stated that
grain hardness was significantly negatively correlated with
weight loss which support the present findings. According
to Dwivedi and Shukla (2019) the hardness of wheat
varieties (HD-2733 and K-307) showed negative
association against S. oryzae infestation which also
confined the present study.
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Abstract

The ecological study of a species is an essential requirement for its long -term survival in a particular area. Keeping in view the
socioeconomic importance of the Indian sandalwood and existence of few natural populations of this species restricted to
particular sites in the state of Himachal Pradesh, India, the study on phytosociology and natural regeneration status of
Santalum album L. was carried out in five locations of district Bilaspur. In every natural population, ten quadrats of 10 m x 10 m
(100 m2) size determined by species area curve method were randomly laid to study this tree species. In each quadrat, a
sub-quadrat of 5 m x 5 m (25 m2) and 2 m x 2 m (4 m2) for size for shrubs and regeneration study were selected, respectively.
Studies showed the dominance of Santalum album L. tree species in all the five natural populations. Among shrubs Lantana
camara L. was observed growing in close association with Santalum album L. Whereas, natural regeneration of this species in
all the studied natural populations was limited due to the lack of good mother trees and human interference to a greater extent.

Key words : Santalum album, floristic diversity, natural regeneration.

Introduction

Santalum  album L. commonly referred as
Chandana/sandalwood is widely accepted valuable tree
belongs to family Santalaceae. This family consists of 29
genera and 400 species, out of which 19 species are
specific to genus Santalum (1). This genus (Santalum) is
distributed across South and Southeast Asia, Oceania
and Australia (2,3). S. album L. is native to the tropical belt
of peninsular India, Eastern Indonesia and Northern
Australia. Itis indigenous to India covering an area of 9600
Km? (4), mostly (90%) grown in states like Karnataka and
Tamil Nadu (5,6,7). In Himachal Pradesh, Sandalwood
found in some areas of district Bilaspur and Kangra mainly
at Jawala Ji region (8).

Sandalwood is an evergreen, hemi root parasite
tree which can parasitize over 300 species ranging from
grass to another sandalwood species (7, 9). Hosts of this
tree are different, both in nursery and plantation stages.
Cajamus cajan and Casuarina equisetifolia are recorded
as the best host plants during nursery and plantation
stages, respectively (10). Natural regeneration in
sandalwood occurs by means of seeds which are usually
dispersed by birds and normally takes 4-8 weeks to
germinate (11). Sandalwood tree is mainly exploited for its
heartwood which vyields the renowned East Indian
Sandalwood oil, valued for its sweet fragrant, persistent,
spicy, warm, woody note, tenacious aroma and fixative
property. Growing sandalwood tree under natural

conditions can produce an increment of one kg of
heartwood/ year and a girth of one cm/ year (12). The
timber of Sandalwood is the world’s second most
expensive timber (5). Besides its vital importance on
economic ground, it has been used as an object in
ritualistic offerings, and also an ointment for beauty. Its
heartwood is closely grained and thus found to be the best
wood for the carving of idols, cabinet panels, chess
boards pen-holders, paper weights and picture frames
(13).

In India, isolated populations of sandalwood have
been reported in various states such as Bihar, Gujarat
Haryana, Maharashtra, Madhya Pradesh, Orissa, Punjab,
Rajasthan, Tamil Nadu, Uttar Pradesh, West Bengal,
Assam and Himachal Pradesh. The increasing
awareness among the masses about its economic and
cultural importance, people in the past have made some
attempts to introduce this tree in North India. The
existence of Sandalwood populations in some particular
areas of Kangra and Bilaspur districts of Himachal
Pradesh was results of introduction. In late 1940s,
Sandalwood trees were first introduced in Jawalamukhi
area of district Kangra by an army officer during World
War Il (14). Later on, Sandalwood trees got naturalized
but could not spread beyond these confined sites besides
the fact that, the entire sub-tropical sub montane hill zone
has well suited soil and climate requirements of this tree
species. The ecological study of this species is an
essential requirement for its long-term survival in a
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particular area. In this lane the survey was accomplished
on phytosociological and natural regeneration status of
Sandalwood in five locations of district Bilaspur, Himachal
Pradesh for studying the distribution pattern, natural
regeneration status and ecological status vis-a-vis
edaphic and woody plant association of this tree species.

Materials and Methods

Study area : The study was conducted in five natural
populations (Changer, Oel, Danoh, Lakhanpur and
Dholra) of Santalum album L. distributed in district
Bilaspur, Himachal Pradesh. The area lies between north
latitude 31°18'00” and 31°55'00” and east longitude
75°55’00” and 76°28°00”, where top story of forest is
occupied by Pinus roxburghii and Terminalia chebula and
other associate tree species. The major forest
communities in the study area are Santalum album,
Albizia lebbeck, Albizia chinesis, Ficus carica, Bombax
ceiba, Dalbergia sissoo, Cassia fistula and Acacia
catechu.

Climate of the district is temperate to sub-tropical.
The minimum and maximum temperature varies from
1.3? C in January to 34.7 ?C in May. In rainy season
humidity increases and the weather becomes hot sultry.
The area receives rainfall during monsoon period
extending from June to September and also
non-monsoon period (winter). The annual average rainfall
in the area is about 1106.28 mm and about 81.5% rainfall
occurs during monsoon period. Two types of soils are
observed in the district viz, alluvial soil and non-calcic
brown soil. Most of the area in the district is covered with
alluvial soil and only hilly area in the district is covered
with non-calcic brown soil. Soil is rich in nutrients and is
fertile.

Phytosociological studies of natural populations

Community analysis : The status of plant diversity and
regeneration in natural populations of the study areas,
community analysis was carried out during rainy season,
2020-2021. In every natural population, ten quadrats (10
m x 10 m) determined by species area curve method were
randomly laid to study tree species. In each quadrat, a
sub-quadrat of 5 m x 5 m and 2 m x 2 m size for shrubs
and regeneration study were selected, respectively. The
vegetation data was quantitatively analyzed for density
(D), per cent frequency (%) and abundance (A). Relative
frequency (RF), Relative density (RD) and Relative basal
area (RBA) were determined following methods proposed
by Phillips (15), while Importance Value Index (IVIl) was
calculated by following Curtis (16). Indices of similarity and
dissimilarity were calculated by using formulae as per
Mishra (17) and Sorensen (18). Species Richness was
estimated as per the method named Margalef’s index of

richness’ (Dng) proposed by Magurran (19), Diversity as
per Shannon -Wiener (20) and Index of Diversity as per
Simpson (21).

Natural regeneration study of natural populations :
The adequacy of regeneration of Santalum album L. within
its natural population was judged on the basis of number
of established plants per unit area. According to Chacko
(22), desired number of established plants is 2500/ha and
the quadrate is considered fully stocked when it contains
one established plant. Observations on regeneration were
made in a quadrat size of 2 x 2 m.

Results and Discussion

Natural populations of Santalum album L. in district
Bilaspur : The major tree species that represent the
natural populations of Santalum album L. are Acacia
catechu, Albizia chinensis, Eucalyptus spp., Bombax
ceiba, Grewia optiva, Ficus carica and Melia azedarach.
These species occur mixed with other important or
associated species in the natural populations. The tree
and shrub species that occurs in five natural populations
of S. album are presented in Tables 1-5. A range of 5-8
tree species and 2-4 shrub species were found
predominant in all five locations of district Bilaspur. The
maximum number out of total tree species were found in
Lakhanpur whereas, minimum number of species were
reported in Dholra. Maximum values for parameters like
density, abundance, basal area, per cent frequency and
IVI (Importance Value Index) were observed in case of
Santalum album in all the five locations namely, Changer,
Oel, Danoh, Lakhanpur and Dholra. High values of these
parameters attributed to the dominance of one species
over the other species in their respective habitat. In this
study, Santalum album found as dominant species. In
general, Santalum album found as older crop in their
habitat.

Minimum values for above mentioned parameters
were observed for species Cassia fistula in Changer,
Melia azedarach in Oel, Mangifera indica in Danoh,
Leucaena leucocephala in Lakhanpur and Moringa
oleifera in Dholra. This implies that Cassia fistula, Melia
azedarach Mangifera indica, Leucaena leucocephala and
Moringa oleifera were also grown in association with
Santalum album in one or another natural populations
under study. Santalum album was found as dominant tree
species in all the five locations surveyed whereas, Albizia
chinensis was observed as co-dominant tree species in
areas like Changer, Danoh and Dholra. Other tree
species like Bombex ceba and Acacia catechu were also
found co-dominant in Oel and Lakhanpur, respectively.

Among shrub species, maximum number of shrubs
(four) was recorded in location Oel whereas, minimum
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Table-1 : Floristic diversity of trees and shrubs in Changer.
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Trees
Sr. Tree species Density Abundance Basal area Percent Relative Relative Relative VI
No. (individu (AB) (mzlhaz) frequency  Density  frequency basal
alfha) trees/(cm®/ha) area
shrubs
1. Acacia catechu 80 1.60 0.18 50.00 12.70 16.67 10.56 39.93
2. Albizia chinesis 120 1.71 0.34 70.00 19.05 23.33 19.58 61.96
3. Cassia fistula 10 1.00 0.01 10.00 1.59 3.33 0.58 5.50
4. Eucalyptus spp. 50 1.25 0.20 40.00 7.94 13.33 11.73 33.00
5. Grevillea robusta 20 2.00 0.01 10.00 3.17 3.33 0.78 7.29
6. Santalum album 330 3.30 0.87 100.00 52.38 33.33 50.34 136.06
7. Terminalia arjuna 20 1.00 0.11 20.00 3.17 6.67 6.41 16.25
Total 630 11.86 1.74 300.00 100 100 100 300
Shrubs
1. Adhatoda vasica 490 4.90 34.01 100.00 62.03 50.00 54.6 166.62
2. Lantana camara 300 3.00 28.28 100.00 37.97 50.00 45.4 133.38
Total 790 7.90 62.29 200.00 100 100 100 300
Table-2 : Floristic diversity of trees and shrubs in in Oel.
Trees
Sr. Tree species Density  Abundance Basal area Percent Relative Relative Relative i
No. (individual/ (AB) (m2/hal trees/  frequency Density frequency basal area
ha) (cm‘/ha)
shrubs
1. Albizia chinesis 90 1.50 0.27 60.00 11.84 15.38 13.58 40.81
2. Bombax cieba 90 1.29 0.26 70.00 11.84 17.95 12.70 42.49
3. Cassia fistula 60 1.20 0.14 50.00 7.89 12.82 7.01 27.73
4. Ficus carica 50 1.25 0.11 40.00 6.58 10.26 5.70 22.53
5. Grewia optiva 80 1.60 0.18 50.00 10.53 12.82 9.22 32.57
6. Melia azedarach 50 2.50 0.11 20.00 6.58 5.13 5.60 17.31
7. Santalum album 340 3.40 0.94 100.00 44.74 25.64 46.18 116.56
Total 760 12.74 2.04 390.00 100 100 100 300
Shrubs
1. Adhatoda vasica 70 3.50 6.73 20.00 8.33 9.09 9.5 26.97
2. Lantana camara 250 3.12 31.16 80.00 29.76 36.36 442 110.31
3. Murraya koennigii 480 4.80 29.01 100.00 57.14 45.45 411 143.73
4. Ziziphus mauritiana 40 2.00 3.62 20.00 4.76 9.09 51 18.99
Total 840 11.43 70.52 220.00 100 100 100 300

number (two) was noticed in Changer and Dholra (Tables
1-5). The highest values for density, abundance, basal
area, per cent frequency and IVl were recorded for shrub
species like Murraya koennigii (Oel and Danoh), Lantana
camara (Lakhanpur and Dholra) and Adhatoda vasica
(Changer). In surveyed areas like Danoh, Lakhanpur and
Dholra, Lantana camara and Murraya koennigii were
recorded as dominant and co-dominant shrubs,
respectively. Other species of shrubs named Adhatoda
vasica and Murraya koennigii were dominantly present in
Changer and Oel areas of district Bilaspur where, Lantana
camara was also observed to be co-dominantly growing
along with other shrub species. Shrub Lantana camara
noted to be grown in close association with S. album. The
high density of shrubs may be explained on an account of
more space and tree cover allowing more shrubs to grow

on the surface floor. Sharma and Thakur (23) have
reported density value ranging from 270-316 trees per
hectare and shrub density of 3440-5120 for different
natural populations of T. chebula in district Kangra. The
high basal area denotes the presence of higher number of
matures trees and shrubs in natural populations

Vegetation indices of trees and shrubs : Population
wise descending order of tree species diversity was Oel,
Lakhanpur, Dholra, Changer and Danoh which is
presented in Table-6. Species diversity of shrubs ranged
from 0.66 to 1.03, maximum in Oel and minimum in
Changer. The high diversity can be attributed to low
disturbance, habitat conditions  and species
characteristics (24). Among all the locations surveyed
maximum values for tree species dominance and tree
species richness were recorded for Changer whereas, in
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Table-3 : Floristic diversity of trees and shrubs in Danoh.
Trees
Sr. Tree species Density =~ Abundance Basal area Percent Relative Relative Relative i
No. (individu (AB) (m:/ha) trees/ Frequency Density  frequency basal
al/lha) (cm/ha) shrubs area
1. Albizia chinesis 120 1.33 0.37 90.00 19.05 28.13 21.21 68.39
2. Bombax cieba 50 1.00 0.18 50.00 7.94 15.63 10.58 34.14
3. Ficus carica 60 1.50 0.19 40.00 9.52 12.50 11.23 33.25
4. Grewia optiva 40 1.33 0.12 30.00 6.35 9.38 7.13 22.86
5. Mangifera indica 10 1.00 0.03 10.00 1.59 3.13 2.16 6.87
6. Santalum album 350 3.50 0.83 100.00 55.56 31.25 47.68 134.49
Total 630 9.67 1.76 320.00 100 100 100 300
Shrubs
1. Adhatoda vasica 50 2.50 2.73 20.00 7.35 9.52 4.3 21.20
2. Lantana camara 260 2.89 40.69 90.00 38.24 42.86 64.5 145.58
3. Murraya koennigii 370 3.70 19.68 100.00 54.41 47.62 31.2 133.22
Total 680 9.09 63.10 210.00 100 100 100 300
Table-4 : Floristic diversity of trees and shrubs in Lakhanpur.
Trees
Sr. Tree species Density Abundance Basal area Percent Relative  Relative  Relative i
No. (individual (AB) (mzlha; trees/ Frequency  Density frequency basal
/ha) (cm*“/ha) area
shrubs
1. Acacia catechu 100 1.25 0.25 80.00 14.93 20.51 15.14 50.58
2. Albizia chinesis 60 1.50 0.17 40.00 8.96 10.26 10.50 29.72
3. Bombax cieba 10 1.00 0.04 10.00 1.49 2.56 2.67 6.73
4. Dalbergia sissoo 30 1.00 0.12 30.00 4.48 7.69 717 19.34
5. Ficus carica 70 1.40 0.17 50.00 10.45 12.82 10.38 33.65
6. Grewia optiva 60 1.00 0.14 60.00 8.96 15.38 8.31 32.65
7. Leucanea leucocephala 20 1.00 0.01 20.00 2.99 5.13 0.97 9.08
8. Santalum album 320 3.20 0.76 100.00 47.76 25.64 4484 118.24
Total 670 11.35 1.70 390.00 100 100 100 300
Shrubs
1. Adhatoda vasica 80 2.67 410 30.00 11.27 15.00 6.1 32.35
2. Lantana camara 320 3.2 36.91 100.00 45.07 50.00 54.7 149.82
3. Murraya koenigii 310 4.43 26.41 70.00 43.66 35.00 39.2 117.83
Total 710 10.30 67.42 200.00 100 100 100 300

case of shrubs highest values for dominance and richness
were observed for zDholra and Oel, respectively. The
population wise equitability in tree and shrub species was
recorded high in Dholra (Table-6).

Natural regeneration : The life criteria of a species must
be measured by its effectiveness of in “recruiting” new
individuals into the population of concerned species. The
more effective this strategy, the longer the population will
be able to maintain itself in natural population. In all the
natural populations surveyed, Danoh registered maximum
number of recruits. In case of number of Un-established
regeneration, Lakhanpur consisted of maximum number
whereas, it was completely absent at Dholra (Table-7).
The highest values for established regeneration,
establishment index, stocking, established stocking per
cent and regeneration success per cent values were
register at Lakhanpur area which was due to the presence

of good number of mother tree and less human
disturbance such as grazing, walking over and other
human activities, etc., which led to the growth of good
flourished seedlings of Sandalwood. Rest of the locations
were quite disturbed by human activities. Another reason
for presence of good seedlings was the slope of this
location as Sandalwood needs sloppy areas for good
drainage due to which it flourishes well (25). These
findings are supported by Hanumantha (26) who inquired
the regeneration status of Sandalwood in various plant
habitats at Forest Training institute, Dharwad, Karnataka.
Guleria (27) observed sandalwood regeneration at
Horticultural and Forestry Research Station, in Bhota,
Hamirpur district and found that sandalwood regeneration
is found to be better in the presence of host plants
association. Requirement of host for proper growth of
sandal was demonstrated in a field study by
Ananthapadmanabha et al. (28). These results are
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Table-5 : Floristic diversity of trees and shrubs in Dholra.
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Trees
Sr. Tree species Density ~ Abundance Basal area Percent Relative Relative Relative i
No. (individu (AB) (m:lha) trees/ Frequency  Density frequency basal
al/lha) (cmha) shrubs area
1. Albizia chinensis 120 1.71 0.49 70.00 26.09 25.93 29.53 81.54
2. Eucalyptus spp. 60 1.50 0.42 40.00 13.04 14.81 25.18 53.04
3. Melia azedarach 80 2.00 0.27 40.00 17.39 14.81 16.40 48.61
4, Moringa oleifera 30 1.50 0.07 20.00 6.52 7.41 4.32 18.25
5. Santalum album 170 1.70 0.41 100.00 36.96 37.04 24.56 98.56
Total 460 8.41 1.67 270.00 100 100 100 300
Shrubs
1. Lantana camara 330 3.30 35.49 100.00 57.89 58.82 71.8 188.53
2. Murraya koenigii 240 3.43 13.93 70.00 42.11 41.18 28.2 111.47
Total 570 6.73 49.42 170.00 100 100 100 300
Table-6 : Vegetation indices of trees and shrubs under natural Populations of Santalum album L.
Population Vegetation Index
Shannon — Wiener Simpson’s Dominance Species Richness Equitability
Index(H) (cd) (d) (e)
Trees Shrubs Trees Shrubs Trees Shrubs Trees Shrubs
Changer 1.40 0.66 0.28 0.51 1.45 0.23 0.72 0.95
Oel 1.66 1.03 0.22 0.38 1.39 0.68 0.85 0.74
Danoh 1.30 0.99 0.28 0.44 1.21 0.47 0.73 0.81
Lakhanpur 1.61 0.97 0.22 0.42 1.08 0.30 0.77 0.88
Dholra 1.46 0.68 0.24 0.53 0.65 0.25 0.91 0.98
Table-7 : Regeneration studies of Santalum album L. in its natural populations.
Location Recruits/ha Un-established Established Establishment Stocking Established Regeneration
/ha /ha index (k) index (I,) stocking per success
cent percentage
Changer 125.00 100.00 25.00 0.00 0.02 0.00 2.00
Oel 125.00 150.00 25.00 0.06 0.03 0.72 2.50
Danoh 200.00 125.00 50.00 0.29 0.03 2.23 3.25
Lakhanpur 125.00 150.00 100.00 0.36 0.06 4.03 5.50
Dholra 25.00 0.00 25.00 0.19 0.01 1.92 1.00

supported by findings of Sharma and Thakur (30), Singh
(31) who also reported absence of natural regeneration of
Harar in its natural populations due to the disturbance in
the natural population sites by the humans and other
factors which restrict the flourishing of seedling in its
natural habitat.

Conclusions

Due to over-exploitation and illicit felling as well as
ruthless exploitation of the valuable species posing
significant threat to the natural population of Santalum
album L. The present study confirms the presence of
mature and over mature trees of S. album L. that too in
limited number and absence of regeneration and young
trees in some of the studied natural populations in district
Bilaspur thereby indicating urgency of conservation,
sustainable management and regeneration by artificial
means for this economically valuable tree species. Among
shrubs, Lantana camara L. is found to grown along with

the S. album L. trees which implies that there might be
chance that S. album L. have functional parasitic
association with the roots of L. camara.
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Abstract

The present investigation was undertaken to evaluate the antifeedant activity of some botanicals against Cabbage butterfly,
Pieris brassicae In vitro. A field experiment was conducted in VCSG Uttarakhand University of Horticulture and Forestry,
Bharsar, Pauri Garhwal in Complete Randomized Design. The antifeedant activity of four plant extracts viz., Artemisia
(Artemisia vulgaris), Kapoor (Cinnamomum camphora J.), Walnut (Juglans regia L.) and Stinging Nettle (Urtica dioica) were
tested on cabbage butterfly, Pieris brassicae by Leaf Dip method. It indicated that the plant extracts at different concentrations
with preference index values namely Kapoor 2.5% (0.462), Stinging nettle 1% (0.49) and Stinging nettle 2.5% (0.478) proved to
be strongly antifeedant while Artemisia 1% (0.73), Artemisia 2.5% (0.649), Walnut 0.5% (0.946), Walnut 1% (0.564) and Walnut
2.5% (0.569) were placed under ‘moderately antifeedant’ category whereas Artemisia 0.5% (0.73), Kapoor 0.5% (0.78),
Kapoor 1% (0.77) and Walnut 0.5% (0.946) were slightly antifeedant. The results of this study showed that the maximum leaf
area consumption was observed in walnut 0.5% (32.33cm2) whereas the minimum consumption was observed in Kapoor 2.5%
(10.83 cm?) in comparison of control (36¢m2).Our results revealed that the plant parts can be used effectively for controlling the

insect population in a cost effective and environment friendly manner.

Key words : Pieris brassicae, antifeedant, leaf dip, plant extracts, leaf area.

Introduction

Cabbage butterfly, Pieris brassicae L. is a serious insect pest
of Cole crops. The pest damages the whole plant and causes
defoliation. The yield loss of cabbage butterfly P. brassicae L.
can reach upto 40% annually on cole crops per year (Hasan
and Ansari, 2010). About 38 insect-pests of cole crops are
reported till date and among them the cabbage white butterfly,
Pieris brassiceae (Linn.) is one of the most destructive and
devastating as it causes damage at all the growth stages (Lal
and Ram, 2004). Their eggs are laid upright in batches of
about 40-100 and colour varies from white or pale yellow to a
bit orange color before hatching. The larvae undergo five
instars and four moultings in between them. The third instar
larvae are seen to eat voraciously and they lead to significant
quantity of damage to their host crop. The single larva of
Pieris brassicae feeds 74cm?-80cm? area of a leaf (Younas et
al., 2004). Pupae are pale green or grayish white and seen
with black and yellow markings. The female butterfly also has
two black spots on each forewing. They often skeletonize the
plants of stems, veins and finally may kill the plants (Lin et al.,
2001).

Plants can be exploited on the basis of their natural
essences for insect control as these are environmentally safe
methods (Sadek, 2003). Many plant substances have been

considered for use as antifeedants, insecticides, or
repellents, which include alkaloids, flavonoids, phenols,
terpenes and other related compounds (Adeyemi, 2010).

Due to the known harmful effects of conventional
pesticides, there is a growing need of alternatives to
pesticides to reduce the risks. Major limitation to use of
synthetic pesticides is the development of resistance to many
insect pests (Huang et al., 1998). This leads to increase in the
pest population thus causing a devastating effect on the
production of crops. So the good alternative to synthetic
pesticides is natural products in order to reduce the negative
impacts on our health and environment. Out of which the best
natural products are plant parts which consists of bio active
compounds identified for its effective method to control the
insect pest of the major crops (Karunamoorthi, 2012). The
detrimental effect of various plant extracts on insects can be
displayed in various manners including the mortality, toxicity,
antifeedant growth inhibitor and reduction of reproducing
capacity of insects and fertility (Bhandari, 2018).

Materials and Methods

An experiment on the antifeedant activity against the pest P.
brassicae was conducted at the Laboratory of Plant
protection, Department of Entomology, College of
Horticulture, VCSG Uttarakhand University of Horticulture
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and Forestry, Bharsar, Pauri Garhwal during 2020-2021.
Antifeedant effect of the plant extracts was studied against
the second and third instar of test insect.

Collection of plant materials for the preparation of
extracts : The criteria of selection of plant species having a
bioactive compound was based on literature. Desired plants
at the peak of its vegetative growth stage were collected from
various locations.

Preparation of plant extracts : Exiracts of different plant
parts of Artemisia (Artemisia vulgaris), Kapoor (Cinnamomum
camphora J.), Walnut (Juglans regia L.) and Stinging Nettle
(Urtica dioica) were collected from around the campus and
brought to the laboratory. The plant leaves were washed to
remove the dust and to remove the excess water content
placed on blotting paper. Addition of about 250 gm of plant
leaves in the 500 ml of water was done and allowed to boll
upto half of the original volume and then cooled. The material
was filtered through muslin cloth and filled in the glass bottle.
For conducting experiment, different concentrations (0.5%,
1% and 2.5%) were prepared by adding water (Yadav and
Patel, 2017). Extracts were stored in the glass beakers at 4°C
in the refrigerator until their utilization in bioassays.

Screening of plant extracts for their antifeedant activity
against cabbage butterfly, Pieris brassicae L. : The
antifeedant activity of various plant extracts was evaluated
under laboratory conditions against the cabbage butterfly
(range of temperature 27-30°C and RH 75-80%). ‘No-choice’
feeding bioassay following (Singh et al. 1995) technique was
used for the determination of antifeedant activity. Cabbage
leaves were utilized to treat and feed the larvae during the
experimentation. Required concentrations were prepared
from the stock solution. The fresh and mature leaves of the
test plants were plucked and thoroughly washed and dried
with the help of filter paper and the leaf discs (area = 7x7 cm?)
were cut from them. Ten larvae per extract were used and
experiment was carried out in three replications. Leaves were
first washed with distilled water and dried for about one hour
and dipped in the test solution of various extracts for about 10
seconds. These leaf discs were kept in the centre of
presterilized corning glass petri dishes (dia. 9 cm) containing
an inner lining of moist filter paper. The testing was done by
leaf-dip method at the desired concentrations of 0.5%, 1.0%
and 2.5% (Yadav and Patel, 2017). Pre-starved (3 hours)
larvae of uniform size were released in each Petri-dish and
were allowed to feed until more than 75 per cent leaf discs
were eaten away in control. The data on the mean leaf area
consumed was plotted and recorded on graph paper in
different concentrations. The observations were recorded on
leaf area consumed with the help of graph paper. The
calculations were made on the following parameters :

(i) Feeding percentage (F.P.) following Purwar and
Srivastava (2003)

Initial leaf area provided for feeding -
Leaf area left after feeding
Initial leaf area provided

F.P. = x 100

(i) Feeding inhibition (F.l.) following Isman et al. (1990).
Pande and Srivastava (2003)
C-T

= X
C+T

F.l. 100

Where,
e C = consumption of control disc
e T = consumption of treated disc

(iii) C-value (Preference index) following Kogan and
Goeden (1970)
_ 2™
M+ B

Where,
B = Eaten area of control leaf disc
M = Eaten area of treated leaf disc

The index measures the relative amount of feeding
on 2 species of plants present in the arena in a 0 to +2
scale. A value of 1 indicates that feeding on test plant was
equivalent to the feeding on the standard. The preference
for the test plant is indicated by C -value > 1 and a C- value <
1 indicates less acceptance to the test plant (Desmukh,
1976).

On the basis of C-values, the experimental plant extracts
were assigned categories as under Category (C-value) :

Antifeedant C-Value
Extremely antifeedant plant extracts 0.1-0.25
Strongly antifeedant plant extracts 0.26-0. 50
Moderately antifeedant plant extracts 0.51-0.75
Slightly antifeedant plant extracts 0.76-0.99
Preferred plant extracts =1

Statistical Analysis : The experiment was conducted in
completely randomized design (CRD). The mean values of
data were subjected to analyses of variance which were
evaluated using online computer programme OPSTAT. The
experimental results are presented with the help of tables and
graph wherever found necessary.

Results and Discussion

Among the plant extracts assessed they showed an effective
reduction in feeding over control (MLAC = 36cm?). Highest
feeding inhibition was observed with Kapoor 2.5% (53.74%)
while the Walnut 0.5% (5.37%) showed the least feeding
inhibition. Plant extracts with preference index values namely
Kapoor 2.5% (0.462), Stinging nettle 1% (0.490) and Stinging
nettle 2.5% (0.478) proved to be strongly antifeedant while
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. D W = W o = o Artemisia 1% (0.733), Artemisia 2.5% (0.649), Walnut 0.5%
2 E 82z 5§ £t 8§32 § == (0.733),Walnut 1% (0.730) and Walnut 2.5% (0.564) were
g =TS P>F° WSO D= placed under ‘moderately antifeedant’ category whereas
S © 5.3 £3 5.3 5> g Artemisia 0.5% (0.769), Kapoor 0.5% (0.786), Kapoor 1%
£ 9 SEZEE BEE SEEE S EE . .
% - SCts Zts <28ts Z_Ets (0.770) and Walnut 0.5% (0.946) were slightly antifeedant
2 - - - (Table 1). Maximum leaf area consumption was observed in
o = = = o = [} . .
< % £2¢ 52« 2= =L« Walnut 0.5% (32.33 cm?) whereas the minimum consumption
° »&3 » &3 » &3 ==s3 was observed in Kapoor 2.5% (10.83 sz) in comparison of
° o o < © control (36 cm?). Highest mean feeding was observed in
Y I g g g 9
x i S S = S control (73.4%) whereas in treatments highest mean feeding
2 % was seen in walnut 0.5% (65.97%) and lowest recorded in
8 | 2 N 2 2 Kapoor 0.5% (22.1%) as in (Table-1). All plants tested were
S - <] <] <] IS
k) effective in reducing the mean leaf area consumption and
[}
o 2 3 g © 2 mean feeding over control against the cabbage butterfly
S S S P = (Table-2).
Results of our study are in agreement with the findings
= |2 8 X % 5 g 9
R i e @ © = of Sharma et al. (2015) who reported that at 10%
N— N o [Te) < [fe)
5 concentration the C. camphora (hexane, diethyl ether and
% X = S R 2 acetone) was extremely antifeedant against the larvae of
- © ~— © ol
i o s ~ © insects viz. Tobacco caterpillar; Spodoptera litura and Bihar
§ o - < - - hairy caterpillar Spilarctia obliqua.
8 |9 S ~ & S
G i = & & w0 < Ramangouda and Srivastava (2008) found out the
S effect of aqueous plant extracts (1% and 2 %) namely
=] o o o o o
= 5 & § & 2 N Cinnamomum camphora, Syzygium cumuni, Artemisia
N © (sp) o@
§ 3 < annua, Stearia media, Pogostemon patchouli, Cymbopogon
@ | 2% o o = o o winterianus and Cnicus benedictus for their effect on feedin
% Tl ® > S S 53 [¢]
s|e&|™ e o B ) behavior, survival, growth and developmental parameters
2 §<3 against the larvae of S. litura results showed that at 1%
o o o o o
2= |% o = @ @ concentration all the plant extracts resulted in reduced
o © [sp] [se] [sp]
.= feeding.
o
5 Xe 8 & 8 8 The above finding of the present investigation are in
Q= e g © ] ) 9 P 9
=2 | ¢ ~ o o conformity with the Basera and Srivastava (2009) who
2
g g’ .l2 s 3 S . worked on aqueous extract of nine medicinal plants for their
=] 3 LR IS © g S antifeedant activity and effect on the growth development and
§ £ economic parameters of the pest mulberry silkworm, Bombyx
o= N i § 2 5 N mori L. The antifeedant activity at 1% dry wt. and feeding
K N Yol (2]
5 e~ v o © o inhibition against full grown worms of B. mori recorded in C.
2 camphora was 15.07 and 8.14% respectively.
o o [+2] o0 © [+2] y
8 Blg 2 3 S =
£|s | - - - - Present findings is similar with the findings of
ol I Huesing et al. (1991) showed the insecticidal activity of
€T 0| 8 & &8 8 8 P . G . : ¢
s|§ [&]s 3 N S = stinging nettle lectins with rice lectins. The mortality of
o | ™ [s\ [sY — .
s |8 cowpea weevil (Callosobruchus maculatus) significantly
|
% = 28 8 3 Q3 3 increased with the dose of U. doica.
K] © oo [s¢] al <
o e - © A further experimental finding by Bozsik (1996) studied
S = © . the efficiency of different stinging nettle extracts. The
L S S B . . . .
S| € § «© g g 5 é undiluted stinging nettle cold water extract was tested against
y— S = ©L.2 @0 . . . .
Flza £ Es S8 3 R different species of aphid on plum, red currant and spiraea. It
w » S g2 g E > 2
" S <8 S 3 S S was concluded that the cold water extract reduced highly the
@ C. ribis population.
% w2 — o < 75
|_
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H Control

B 0.50%

Artemisio Kapoor

Walnut
Selected Plant Extracts

Fig.-1 : MLAC (cm?) at 0.5%, 1% and 2.5%.

Stinging Nettie

Table-2 : Effect of Plant Extracts on Feeding behaviour of Pieris brassicae larvae.

MLAC (cm?)/larval

S.

No. Plants 0.50%
1. Control 36.00
2. Artemisia 22.50*
3. Kapoor 23.33*
4. Walnut 32.33
5. Stinging Nettle 14.33"

SE(d) 6.02
CD (0.05) 12.44

1% 2.50%
36.00 36.00
20.83* 17.33"
22.66* 10.83*
20.83* 14.16*
11.66* 11.33"

*Significant at 5% level of significance as compared with control.
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Abstract

Wheat (Triticum aestivum L.) germplasm consisting of 10 parent and 45 F1 genotypes were analysed for genetic variability,
heritability and correlation among various contributing characters; and to determine component characters on which selection
can be based on genetic improvement in yield. The data recorded from mature plant and various yield traits viz., days to 50%
flowering, plant height, number of spike per plant, spike length, number of spikelets per spike, number of grains per spike, grain
yield per plant, biological yield per plant, harvest index, 1000-grain weight, shoot length and root length revealed high
heritability with high genetic advance for plant height, shoot length and high heritability coupled with moderate genetic advance
for days to 50% flowering, plant height and biological yield per plant. Mostly traits exhibited positive and highly significant
association but few negative associations. The highly significant positive association was observed between number of
spikelets per spike, number of grains per spike, grain yield per plant at both genotypic and phenotypic levels. However, the
highest negative association was recorded between spikelet per spike and harvest index, harvest index and biological yield per

plant in normal (NC) condition.

Key words : Genetic variability, heritability, correlation, genotypic, phenotypic.

Introduction

Wheat ( Triticum aestivum L.) is an important food crop for
human consumption. Wheat is a self-pollinated crop of the
member of Poaceae family and one of the most leading
cereals of many countries of the world including India, and
comes under Triticum genera. Among cultivable species
hexaploid wheat ( Triticum aestivum L., 2n=42) is the most
common wheat and occupies more than 90% of the total
area under wheat cultivation. Wheat is generally grown in
every state of the country. However, Uttar Pradesh
Punjab, Haryana, Madhya Pradesh Rajasthan, Bihar,
Gujarat, Maharashtra, Jharkhand and Chhattisgarh are
the major wheat producing states of the country. Due to
the presence of gluten content, a major wheat protein, in
common wheat, its main preparation is chapatti and baked
breads. The hexaploid wheat came into existence by
virtue of spontaneous evolutionary process with having
three genomes (AABBDD) coming from different species
and diploid condition of hexaploid wheat arose through a
natural amphidiploids process. In wheat gene responsible
for dwarfness is Rht1 and Rht2.

India ranks second in wheat area and production
after China. India’s share in world wheat production is
about 11.39% and in area is about 12.5% (FAOSTAT,
2015) (12). In India wheat occupies a total area of 31.53
million hectare with a record production of 95.85 million
tons and productivity of 3040 kg/ha during 2014-15. It has
good nutrition profile with 12.1 per cent protein, 1.8 per
cent lipids, 1.8 per cent ash, 2.0 per cent reducing sugars,

6.7 per cent partisans, 59.2 per cent starch, 70 per cent
total carbohydrates and provides 314K cal/100g of food. It
is also a good source of minerals and vitamins viz.,
calcium (37 mg/100g), iron (4.1 mg/100g), thiamine
(0.45mg/100g), riboflavin (0.13mg/100g) and nicotinic
acid (5.4mg/100mg) (Lorenz and Kulp, 1991) (1). Drought
is the cause for large grain losses every year, especially in
developing countries and the current trend in global
climate change will likely lead to further losses. The
worldwide water shortage and uneven distribution of
rainfall makes the improvement of drought tolerance
especially important. Breeding for drought tolerance is a
major objective in arid and semi-arid regions of the world
due to inadequate precipitation, shortage of irrigation
water and high water demand for crop evapo-
transpirational in such climates. The basic knowledge of
genetics is useful for the development of new varieties.
Water stress is the major limiting factor in crop production
worldwide. Yield is the principle selection index used
under drought stress conditions.

Materials and Methods

The experimental material considered of 10 accessions of
wheat. The material was grown in complete randomized
design with three replication at the experimental farm of
Crop Research Centre of Sardar Vallabhbhai Patel
University of Agriculture and Technology, Meerut (U.P.),
during Rabi season of 2014-2015 under two environments
i.e. normal (NC) and water stress (WS) conditions. Each
individual plot considered of 3 rows, each of 5m length. All
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the recommended agronomic and cultural practices were
followed for raising a good crop. Data were recorded on
twelve randomly selected plants per replication of each
genotype for the following 12 agronomic traits namely
days to 50% flowering, plant height, number of spike per
plant, spike length, number of spikelet per spike, number
of grains per spike, grain yield per plant, biological yield
per plant, harvest index, 1000-grain weight, shoot length,
root length.

Results and Discussion

The analysis revealed significant differences among the
genotypes for all the traits under study (Table-1).

In the present investigation, analysis of variance for
parents and Fis showed highly significant differences
among the treatments for all the characters. Substantial
amounts of variations in wheat different agronomic traits
have also been reported. Genotypic coefficient of
variation (GCV), phenotypic coefficient of variation (PCV),
broad sense heritability (h?) and genetic advance as
percent of mean (GA) are given table-2.

The data revealed that PCV was highest for
biological yield per plant (22.75) followed by grain yield
per plant (20.75), root length (17.25) in normal water
condition. Whereas, the PCV value for biological yield per
plant (20.54) followed by number of spike per plant
(20.31) and grain yield per plant (19.75) in water stress
condition. Similar trend has been recorded for GCV. The
PCV estimates were relatively higher than the GCV for all
the characters.

To determine the amount of heritable variation,
estimates of GCV alone are not sufficient. Heritable
variation can be determined with greater degree of
accuracy when heritability is studied in conjunction with
genetic advance. Genetic variability is very important for
the improvement of crop plants. More variability in the
population, the greater chance for producing desired plant
types.

The heritability, which is the ratio of genotypic and
phenotypic variance is mainly due to additive gene effects
in narrow sense, but in the broad sense it include both
additive as well as non-additive gene effects (2). The
heritability values estimated in the present study are
expressed in broad sense. Moreover, broad sense
heritability and narrow sense heritability are generally
negatively correlated (3). If heritability was mainly due to
additive effects, it would be associated with high genetic
gain; on the other hand, if it is due to non-additive gene
effects, genetic gain would be low (4).

Heritability which is the heritable portion of
phenotypic variance is a good index of transmission of

characters from parents to offspring (5). In this study,
heritability estimates are highest (97%) for plant height
and lowest (39%) for spike length in normal condition
(Table-2). Whereas, the heritability estimates are highest
for (98%) for plant height and shoot length and lowest
(35%) for harvest index. In general, the heritability values
for all the characters studied are of high order, mostly
above 90%.

The data estimates on genetic advance (as
percentage of mean) expected from selecting 5% of the
best genotypes for all 12 characters are presented in
(Table-2). Highest value of genetic advance (as % of
mean) was recorded for biological yield per plant followed
by grain yield per plant, root length, number of spike per
plant in normal condition; Whereas, number of grains per
spike followed by grain yield per plant, biological yield per
plant and root length in water stress condition (6).

The phenotypic correlation among traits is
influenced by genotypic and environmental correlation
coefficient. The genotypic correlation is usually attributed
to pleiotrophy (7). The estimates of phenotypic and
genotypic correlation coefficients for 12 agronomic
characters are presented in Table-3.

Positive and significant phenotypic correlation
among themselves were observed between plant height
and days to 50% flowering; number of spike per plant and
biological yield per plant; spike length and harvest index;
biological yield per plant and grain per spike; harvest
index and shoot length; 1000-grain weight and spikelet
per spike; flag leaf area and plant height; days to maturity
and harvest index; ash content and gluten per cent; gluten
content and membrane stability index; chlorophyll content
and relative water content; excised leaf water retention
and number of spike per plant; proline content and
drought susceptibility index; under normal and water
stress condition (8).

Grain yield per plant was significant and positively
correlated at phenotypic level (table 04) with plant height,
spike per plant, root length, proline content, drought
susceptibility index, flag leaf area, days to maturity and
gluten per cent under water stress condition (9).

After that, the genotypic correlation coefficient
studies that grain yield per plant had highly and positive
correlation with plant height, spike length, harvest index,
1000-grain weight, shoot length, membrane stability
index, gluten percentage in both the condition. Whereas,
proline content and drought susceptibility index in water
stress condition (10).

The plant height showed significant negative
association with spikelet per spike, grains per spike and
biological yield per plant under normal as well as water
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Table-1 : Analysis of variance for different twelve characters wheat ( Triticum aestivum L.) under normal (NC) and water stress

(WC) conditions in diallel analysis.

Source of df.  Conditi Days Plant No. of Spike No. of No. of Grain Biologi  Harves  1000-gr  Shoot Root
variance ons to 50%  height  spikes length  spikele  grains yield/ cal t index ain length length
flower- (cm) Iplant (cm) ts/ Ispike  plant yield/ (%) weight (cm) (cm)
ing spikes @) plant (9)
(@

Replications 2 NC 0.80 1.14 0.21 0.04 0.91 0.07 0.12 1.38 0.23 1.21 1.26 0.45
WC 1.47 0.75 1.52 0.08 0.04 0.18 0.04 458 0.69 3.66 0.02 0.62

Treatments 54 NC 2215  268.07 13.04 1.05 6.57 169.24  27.06 33423  26.17 14.09 168.81 10.97
WC 16.59  240.02 12.18 0.97 14.31 229.98 1752 206.35 1.17 22.42 150.60 8.76

Error 108 NC 1.41 1.89 1.74 0.35 1.87 3.33 1.18 12.20 0.65 1.54 1.23 1.11
WC 1.16 1.58 1.77 0.21 1.83 8.34 1.33 19.76 0.44 1.61 0.83 0.32

Table-2 : Mean performance, range, CV, GCV, PCV, Heritability, Genetic advance for twelve characters in wheat (Triticum
aestivum L.) under normal (NC) and water stress (WC) conditions.

S. Characters Condi- Mean Range (EA as GCV PCV Heritabil Genetic
No. tions  performance Win. Vax. (n/:()ea?\f (%) (%) ity (%) A%e‘lt\n)ce
1. Daysto50% flowering NC 91.69 85.66 98.00 5.38 2.86 3.14 82.00 4.93
WC 91.75 84.00 97.00 459 2.47 2.73 81.00 4.21
2. Plant height (cm) NC 91.10 76.66 120.33 21.07 10.33 10.44 97.00 19.20
WC 87.40 74.00 113.33 20.80 10.19 10.30 98.00 18.18
3. No. of spikes/plant NC 12.50 8.33 17.33 26.43 15.51 18.76 68.00 3.30
WC 11.27 8.00 17.00 27.69 16.52 20.31 66.00 3.12
4. Spike length (cm) NC 10.48 8.83 11.96 5.96 459 7.30 39.00 0.62
WC 10.32 8.76 11.80 7.44 4.88 6.60 54.00 0.76
5. No. of spikelet/Spike NC 20.73 17.66 24.00 8.33 6.60 6.03 45.00 1.73
WC 18.17 14.00 23.00 19.25 11.12 13.47 69.00 3.49
6.  No. of grains/spike NC 60.98 41.66 74.00 24.39 12.19 12.55 94.00 14.87
WC 49.57 29.33 63.00 33.85 17.33 18.29 89.00 16.78
7. Grain yield/plant (g) NC 15.09 11.00 22.00 37.60 19.46 20.75 87.00 5.67
WC 13.13 9.00 21.00 32.61 17.68 19.75 80.00 4.28
8. Biological yield/plant () NC 48.04 25.00 70.00 42.09 21.56 22.75 89.00 20.22
WC 44.07 31.00 71.66 32.11 17.89 20.54 75.00 14.15
9. Harvest index (%) NC 31.68 28.67 40.77 18.26 9.20 9.55 92.00 5.78
WC 29.89 28.75 31.70 2.03 1.65 2.77 35.00 0.60
10.  1000-grain weight (g) NC 35.12 31.00 39.00 10.24 5.82 6.81 73.00 3.60
WC 31.90 26.00 38.00 15.32 8.25 9.16 81.00 4.88
11, Shoot length (cm) NC 68.00 59.76 94.53 22.39 10.99 11.11 97.00 15.22
WC 65.69 57.50 88.46 21.97 10.75 10.84 98.00 14.43
12. Root length (cm) NC 12.16 8.83 18.13 26.50 14.90 17.25 74.00 3.22
WC 11.58 8.36 16.20 28.27 14.48 15.28 89.00 3.27
stress condition, it had non-significant association. The .
Conclusions

plant height had highly significant positive association
with days to 50% flowering in normal condition and grains
per spike with spikelet per spike in water stress condition.
The spikelet per spike and spike length showed highest
significant negative correlation in normal condition (11). In
water stress condition, the plant height and grain yield per
plant showed highest significant negative correlation.

In this experiment, to decide the different characters
beheviour and performance in normal (NC) and water
stress (WC) condition. Generally the 50% flowering,
biological yield per plant, root length is positively
correlated in water stress condition & rests of all are
positive correlated with normal condition. So due to help of
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this study we can used and provide better result where
water scarcity is a major problem. Whereas, with the help
of better management practices, improve water use
efficiency and other plant breeding approach also we have
sustain better result in water stress condition.
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Abstract

A rapid roving survey was conducted using GPS and GIS for three consecutive years, 2019, 2020 and 2021 at major pigeonpea
growing areas of south India and deccan plateau belonging to Raichur district Lingasuguru taluk, Karnataka. Pigeonpea crop
was prone to many diseases viz., collar rot, Fusarium wilt, dry root rot, sterility mosaic disease (SMD) and phytophthora blight.
The maximum mean Fusarium wilt incidence of 44.0% was observed in Ammenagad village during 2020 over three years. The
monocropping with the susceptible varieties such as Gulyal local, has been main reason for outbreak of disease.

Key words : GIS, GPS, Fusarium, pigeonpea.

Introduction

Pigeonpea (Arhar) commonly known as red gram or tur is
a very old crop of this country. After gram, arhar is the
second most important pulse crop in the country.
Pigeonpea is a bushy shrub with thin stems and trifoliate
leaves with a densely branching base. The plant’s leaflets
are oblong or elliptical in shape, and the stems’ leaves are
alternate and spirally organised (plate-1). Pigeonpea is
prone to 100s of diseases and pests. The losses caused
by the diseases are from 10 to 100 %. Collar rot, Fusarium
wilt, dry root rot, sterility mosaic disease (SMD), and
phytophthora blight are major loss causing diseases of
pigeonpea. Among them Fusarium wilt caused Fusarium
udum causes heavy losses upto 10 to 100% (Kannaiyan,
1984).

Materials and Methods

During the months of September, October and November
2019, 2020 and 2021. A Fixed plot survey was conducted
for the occurrence of Fusarium wilt of pigeonpea was
conducted using GPS coordinates in major pigeonpea
growing areas of in thirty villages of Lingasusgur taluk,
viz., Echanal, Upperi, Gorebal, Gudihal, Buddini,
Adavibhavi, Neeralakere, Baiyapur, Hilalpur,
Ammenagad, Yaradoni, Karadkal, Kuppigudda, Hatti,
Anwari, Kasaba Lingasuguru, Sarjapura, Chikka hesarur,
Kalli lingasugur, Mincheri Amarawati, Gonwara,
Parampur, Kachapur, Margantanal, Nagarhal, Harnapur,
Santekallur, Mudgal, Mattur of during Survey was
conducted at flowering to pod filling stage of the crop to
determine the status of incidence of fusarium wilt.
Observations were drawn for the disease incidence (Fig.
1, Table 1 & 2).

The following formula was used to calculate the
disease incidence

number of plants wilted
total number of plants

Disease incidence =

number of plants rotted <1
total number of plants

Disease incidence =

Collection and isolation of diseased specimen : For
three years in a row, the field survey was conducted in
September and October. Plant samples affected by wilt
were collected from various farmers’ fields. Plant samples
were brought to the lab after being collected and properly
cleansed under running tap water. The roots and basal
stalk portion of wilted plants were detached and dried in
the shade for 3-4 days before being preserved for future
use. A conventional tissue isolation method was used to
isolate the pathogen. Pigeonpea plants with characteristic
vascular wilt symptoms were collected from several
places and used to isolate the disease. With the use of a
sterile scalpel, the wilt-infected stem and roots were split
open lengthwise.

The plant parts showing brown discoloration of
vascular tissues were cut into small bits, surface sterilized
by dipping in 1% sodium hypochlorite for one minute, then
rinsed with 3 changes of sterile distilled water, blot dried
and then transferred aseptically on to Petriplates
containing sterilized PDA medium at equidistance @ 5
bits/Petriplate. The inoculated Petriplates were incubated
at 25 + 2°C in an incubator.

Results and Discussion

A. Symptoms of Fusarium wilt observed in the field :
The typical wilt symptoms were observed when the plants
were of 4-6 weeks old. During the flowering and maturity
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(d) Raecemes

(b) Pod

(e Healthy plat

Plate-1 : Pigeonpea crop at different stages (a. Pigeonpea flower, b. Pod formation stage, c. Pods,
d. Raecemes, e. matured pods and f. healthy pigeonpea plant).

Table-1 : Disease rating scale for Fusarium wilt of pigeonpea
as reported by Pande et al. (2012) is furnished below.

Disease incidence (%) Disease reaction

0-10 Resistant
10.1 — 20.0 Moderately resistant
20.1 — 40.0 Moderately susceptible
40.1 — 100 Susceptible

stage highest mortality of mature plants was seen. The
infected plant depicted the withering and drying of green
plant parts exactly as if they were suffering from drought.
In the beginning it starts with yellowing of leaves and later
dark purple band occur on the stem (Plate 2, Fig.-1).
Drying starts from the collar region and extends upward to
the branches and it gradually results in drying of leaves,
stem, and branches and finally lead to death of the plant.
Partial wilting is also common in the field due to lateral root
infection. Tap root infection results in complete wilting of
the plants (Plate-3, Fig-2). Stem discoloration can be
observed in streaks or patches, which are clearly visible
when the bark is peeled off.

Occurrence and distribution of diseases of pigeonpea
: The pigeonpea crop is grown as solo crop in some areas

especially in major pigeonpea growing areas of
Lingasugur viz., Echanal, Upperi, Gorebal, Gudihal etc., A
survey was conducted during September—November
2019, 2020 and 2021 to know the status of major diseases
of pigeonpea and its incidence under field condition.

During the Kharif 2019 highest incidence of
Fusarium wilt was observed in Upperi (25.00%) and
vilage followed by Karadkal (21.86%) village. On
contrary, the least wilt incidence of 0.50% was reported in
Neeralakere village of Lingasuguru taluk of Raichur
district. Similar studies were conducted by Bindhu et al.
during 2017, 2018 and 2019 where in the taluk wise
pooled data of Fusarium wilt for three consecutive years
depicts that the highest wilt incidence was recorded in
Chittapur taluk (20.9 ) followed by Jewargi taluk (20.8%)
of Kalaburagi district. Mild wilt incidence was observed in
Lingasugur (12.5 %) and Manvi (11.7 %) of Raichur
district (table-4).

The highest incidence of 44.0% was observed in
Ammenagad village, followed by Amaravathi village with
incidence of 38.85%. while the least incidence of 2.00 per
cent was recorded by Yaradoni village during the year
2020.
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Fig.-1 : Cartographic representation of Lingasugur taluk.
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Fig.-2 : Cartographic representation of Fusarium wilt infected villages of Lingasugur taluk during 2019, 2020, 2021.

Gorebal village recorded the highest wilt incidence of
37.50 per cent during the year 2021 followed by 32.57 per
cent by Parampur village. No incidence was recorded by
Gonwar village of Lingasuguru taluk. These observations
are in accordance with the studies of (Bidari, 1995; Butler,
1918 and Gaur and Sharma, 1989), Kannaiyan and Nene,
1981, Pawar et al. (2013), Muhammad and Mahesh 2005,
Ravikumar, 2015. Sushreeta et al. conducted survey in
different districts of Uttar Pradesh and recorded the
highest wilt incidence of 59.6 per cent in Sultanpur district
and in all other districts (Varanasi, Barabanki, Gorakhpur
and Mirzapur) wilt incidence was ranged between 10.7per
cent - 59.6per cent at different growth stages viz,
flowering, pre-podding, podding and post podding stages.
The results on survey were in confirmation with the
studies conducted by Mohammed and Mahesh to identify

the hot spots of Fusarium wilt of pigeonpea in different
districts of Southern Karnataka for three consecutive
Kharif seasons from 2004-05 to 2006-07.

Monocropping has been practiced in the villages
pertaining to Raichur district also Fusarium wilt incidence
is generally more in farmer’s field with the local cultivars
such as, Kari togari, Gulyal local and Kattibheeja as
compared to improved cultivars. In addition cultivar Asha
is considered to be a very good resistant source against
Fusarium wilt across all the surveyed villages. Also the
same old local varieties such as Gulyal local are the main
reason for the outbreak of Fusarium wilt in larger aspect.
Along with that lack of knowledge among the people
about new resistant varieties such as GRG 811 and GRG
152 which is resistant for wilt.



248 Frontiers in Crop Improvement 10 (Special Issue-l) July 2022

e

(b) Wilting of stem tissue

() Partial wilting of symptom (d) Complete wilting

Plate-2. Typical symptoms of Fusarium wilt in pigeonpea.

Conclusions

GIS and GPS serves as a common platform for
convergence of multi-disease surveillance activities. Itis a
fantastic tool for visualising and analysing epidemiological
data and finding trends, dependencies, and
inter-connectivity The current study provides the data on
the occurrence, prevalence and distribution of Fusarium
wilt incidence in major pigeonpea growing areas of
Lingasuguru taluk and to find out the hot spots of F. udum
in different places. The pathogen is gaining more
importance especially in the current scenario of climate
change. Even though various control measures are taken
so far, more focus on the breeding aspects so that the
diseases will be prevented naturally with the innate
resistance. The management of PB is essential to provide
increased and stable pigeonpea yields throughout the
pigeonpea growing regions. The PB management should

not be completely rely on the use of fungicides, as the
development of fungicide resistance in Phytophthora spp.
has been commonly observed. Hence, IDM programs
suitable for adoption by resource poor farmers should be
emphasized. It is advised that the PB management in
pigeonpea should be based on the location specific
disease predictive models.

HPR should be emphasized over other control
measures as the most environmental-friendly and
economic disease control strategy. Selection of resistant
sources for genetic improvement programs should be
based on resistance to PB at seedling, vegetative,
flowering and podding stages since many lines resistant
in seedling/vegetative stage can be susceptible/or show
disease symptoms at later growth stages. However, there
is a need of developing inoculation and screening
procedures for exploiting HPR.
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Table-2 : Survey for the incidence of Fusarium wilt in major pigeonpea growing areas of Lingasugur taluk for three
consecutive years (2019, 2020, 2021).

Sl Village Latitude Longitude Variety Soil type Disease incidence
No. Fusarium wilt (%)

2019 2020 2021
1. Echanal 16.173942364432193 76.43873237474632 TS-3R Red soil 10.00 35.00 27.50
2. Upperi 16.195950895623753 76.42731689341558 TS-3R Red soil 25.00 17.65 15.65
3. Gorebal 16.210222278967045 76.4620712654747 TS-3R Black soil 15.10 10.70 37.50
4, Gudihal 16.041091544068223 76.70345648337864 Gulyal Red soil 3.50 15.50 7.23
5. Buddini 15.930278402283928 76.79040297165551 Gulyal Black soil 14.50 7.73 10.00
6.  Adavibhavi 16.15015140433791 76.47089052388418 TS-3R Black soil 10.30 23.75 7.28
7. Neeralakere 16.142883443350737 76.44859109597215 TS-3R Red soil 0.50 17.60 2.76
8. Baiyapur 16.09639096716929 76.35622072402442 Gulyal Black soil 16.78 2.30 16.70
9. Hilalpur 16.048605680994083 76.68559660686059 GRG-811 Black soil 10.90 3.75 7.23
10.  Ammenagad 16.110460303015557 76.72233214142393 Gulyal Black soil 2.70 44.00 10.00
11, Yaradoni 16.16289791685124 76.74275984536386 GRG-811 Black soil 17.89 2.00 5.73
12.  Karadkal 16.158898262952874 76.55318342625417 TS-3R Black & Red soil  21.86 3.50 7.72
13.  Kuppigudda 16.124855481169455 76.57791141416969 TS-3R Black soil 18.67 17.50 10.23
14, Hatti 16.19606711668055 76.66148181786735 GRG-811 Black soil 4.69 10.00 7.75
15, Anwari 16.16289791685124 76.74275984536386 TS-3R Black soil 5.43 5.50 10.00
16.  Kasabalingasuguru  16.125087003642744 76.51989984688865 TS-3R Black soil 4.67 17.35 15.73
17.  Sarjapura 16.12881323371069 76.58623699068504 TS-3R Black soil 10.00 13.50 2.75
18.  Chikka hesarur 16.105560305304603 76.63670543558348 TS-3R, Gulyal Red soil 75 7.70 13.77
19.  Kalli lingasugur 16.10463738003517 76.48367929683305 TS-3R Black soil 14.23 10.00 7.70
20.  Mincheri 16.214231301449345 76.49222808397408 Gulyal Red soil 12.24 5.23 1.50
21.  Amarawati 16.095829548369114 76.62065509659355 TS-3R Black soil 14.60 38.85 8.23
22.  Gonwara 16.092036073054974 76.60091403887675 Gulyal Black soil 7.50 8.26 0.00
23.  Parampur 16.28460259144882 76.57685714214615 TS-3R Red soil 10.70 7.23 32.57
24.  Kachapur 16.08047442376144 76.41595888336927 TS-3R Black soil 5.55 22.56 26.78
25.  Margantanal 16.13028153083976 76.43089342330724 Gulyal Black soil 13.60 12.70 7.28
26.  Nagarhal 16.101009000236722 76.31321954948018 TS-3R Black soil 5.75 3.75 48.50
27.  Harapur 16.0257876807873 76.28978777171872 TS-3R Black soil 7.50 4.56 1.28
28.  Santekallur 16.05504425236521 76.6586486999207 TS-3R Black soil 17.00 17.86 28.67
29.  Mudgal 16.00353348427886 76.43574699932957 TS-3R, Gulyal Red soil 6.32 5.76 12.73
30.  Mattur 16.039327219273414 76.50678016398346 TS-3R Red soil 10.50 17.78 1.20

Raju, T. N., 1981, Prevalence of pigeonpea diseases and
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Abstract

Rabri is a concentrated sweetened milk dessert containing several layers of clotted cream. The traditional method of rabri
preparation is done in small batches and is time-consuming. In the present study, a milk flake formation system was designed
and developed to produce rabri and reduce the total production time. The system consists of a vertical scraped surface heat
exchanger, scraper blade assembly, drive motor, milk-distributing unit and control unit. Fixed parameters were steam pressure
(1.5 kg/em2), scraper speed (130 rpm) and milk flow rate (400 I/h). The developed system was evaluated, and the variable
parameters were the type of milk (buffalo milk and cow milk) and initial total solids of concentrated milk (18, 22, 26 and 30 %).
The responses for this study were production time, the final yield of product, condensate quantity, condensate outlet
temperature, and flakes quantity. It was observed that production time decreased significantly (p<0.05) when the concentration
of milk changed. As a result, there was a significant (p<0.05) reduction in concentration-time, power and steam consumption.
The rate of flake production was 12.34 g/min. Buffalo milk at 26 % total solids (T.S.) was found as an optimised parameter

based on numerical optimisation (desirability = 0.65).
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Introduction

Milk is considered a complete food, and India has ranked
first in terms of milk production for last decades, with a
current annual production of 1984 MT (NDDB,
2019-2020). Out of this total produced milk, 50-55% of
milk is converted into traditional milk products. In India, the
unorganised dairy sector and village households utilise a
large quantity of milk. Around 70% of the total produced
milk is coming from marginal or small-scale milk producers
(Sain et al., 2020). Out of total milk utilised by the
organised sector, indigenous dairy products are India’s
largest selling and the most profitable segment after liquid
milk accounting for 55% of milk utilisation which is
converted into Dahi, Makkhan, Ghee, Khoa, Chhana,
Rabri, Paneer and variety of sweets. Many traditional dairy
products, particularly khoa-based sweets like burfi, peda,
pantoa, gulabjamun etc., Channa and channa-based
sweets like Rasogolla, Rasmallai etc. and Paneer, kheer,
Dahi has enormous market presence and tremendous
consumer base in India and overseas as well. The other
popular Indigenous milk products, such as rabri, basundi,
shrikhand, kunda, paladapyasam etc. are region specific.

The conversion of surplus milk into these indigenous
products not only extends the shelf life at ambient
temperature but also adds value and makes it more
profitable as compared to its fluid form. The characteristic
features of the cottage level technology involve the
application of simple equipment, low-grade energy

sources and simple process control concepts. These
small-scale technologies cannot be applied to industrial
production. Therefore, wide varieties of Indian milk
products have undergone needed technological changes,
resulting in the development of equipment for the same
(Aneja, 1992). Still, there is a need to develop equipment
for commercial production for many popular traditional
Indian dairy products. One such product is rabri.

Rabri, a popular dairy delicacy of North India, is still
manufactured by halwais on a small shop level. Rabri is a
concentrated and sweetened whole milk delicacy
containing several layers of clotted cream and skimmed
off from slowly evaporated milk (De, 1980; Aneja, 1992).
For the preparation of rabri, small quantities of whole milk
are maintained nearest to the boiling point in fairly
large-sized evaporating pans as the milk evaporates
slowly, skin forms on the surface. This skin is carefully
removed by a flat-edged scraper and stuck on the cooler
edges of the pan so as to get partially desiccated
(Srinivasan and Anantakrishan, 1964). For large-scale
production of Rabri, vacuum concentration of milk
followed by blending it with required quantities of sugar
and malai was attempted by Gayen and Pal (1991b).

Rangappa and Achaya (1971) studied that during
rabri preparation, milk is not stirred, and the solid product
is separated from the milk by peeling off a thin film of
coagulated material successively from the surface using
bamboo splints. The weight of rabri will be one-fourth to
one-third of the milk used. Buffalo milk is mostly used for
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the production of rabri, owing to its high total solids and
superior taste in the final product.

Chopde et al. (2016) developed an in-line system for
the production of rabri by integrating scraped surface heat
exchanger with conical process vat. Saroj et al. (2010)
optimised the process parameters of a three-stage
scraped surface heat exchanger for continuous rabri
production.

The conventional method of rabri making is very
time-consuming and energy-intensive. Removal of clotted
cream is tedious and requires slow heating at simmering
temperatures. The batch process takes 3-4 hrs for 3 kg
rabri from 10 kg milk. Clotted cream (Malai), an important
intermediate product that predominantly contributes to
desired flaky texture of rabri, is obtained by simmering
milk at 80-85 °C in a shallow pan. The formation of clotted
cream layer requires prolonged slow heating and is a
major constraint for the process mechanisation of rabri.
Using the traditional process, large-scale production of
rabri is not possible. Therefore, it was envisaged to
develop a milk flake formation system for the production
of rabri.

Materials and Methods
Experimental setup

Milk flake formation system : The setup of the milk flake
formation system consisted of vertical SSHE, scraper
assembly, balance tank, feed pump, milk distribution unit
and milk pipelines (Fig.-1).
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Figure-1 : Conceptual diagram of milk flakes formation
system integrated with concentrator.

1. Vertical scraped surface heat exchanger : Vertical
SSHE was used to make milk flakes (specifications
mentioned in table 1). Prime mover gear-motor assembly
drives the scraper assembly of SSHE, and Variable
Frequency Drive (VFD) controlled motor speed. Other

components of SSHE are vapour vent, steam trap,
pressure gauge, air vent and safety valve.
Table-1 : Technical specification of vertical SSHE.

Particulars Details
Type Thin film
No. of blades 2 (1Scraping and 1 film forming)
MOC (Blades) SS 304
MOC (Inner cylinder) SS 304
MOC (Outer Jacket) Mild steel
Inner cylinder (di) 0.34 m
Inner cylinder (do) 0.44 m
Inner length (Li) 119 m
Jacket (Di) 0.44 m
Jacket (Do) 0.56 m
Jacket length 0.78 m

2. Rotor-Scraper Assembly : It consists of one flat blade
for scraping and one butterfly wing-shaped structure
joined to each other at two points through two stainless
steel bars. The bar transmits power from one end of the
scraper assembly to another end and bears the weight of
blades. The details for scraper blade assembly are given
in table-2.

Table-2 : Technical specification of the scraper blade
assembly.
Particulars Dimensions (cm)
Total shaft length 60
Shaft diameter 3.2
Length of scraper blade 70
Breadth of scraper blade 3
Thickness scraper of blade 0.5

3. Milk distribution system : The milk distribution system
(Fig.-2) was used to distribute the milk uniformly across
the SSHE walls. The technical specification of the milk
distribution system is given in Table-3.

Table-3 : Technical specification of the milk distribution

system.

Particulars Dimensions (cm)
Outer diameter of distributor 30
Inner diameter of distributor 28
No. of holes 70
Holes diameter 0.25
Distance between each hole 0.15

Figure-2 : Milk distribution system.
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Table-4 : Experimental design for the research work.

Process Parameters Levels
Type of milk Buffalo milk
Cow milk
Variable 18%
parameters 22%
Milk T.S. 26%
30%
Scraper RPM-130
speed
Fixed Steam pressure 1.5
parameters Milk flow rate 400 I/h

4. Geared motor : The geared motor drove the SSHE
scraper assembly to operate the scraper within a
predetermined rotational speed range (max. 100 rpm).

5. Variable frequency drive (VFD) : A
Variable-Frequency Drive (VFD) is a device, which is used
to regulate the frequency being supplied to a motor and
thereby controls the speed of the motor. VFDs may be
referred to by a variety of other names, such as variable
speed drives, adjustable speed drives, or inverter drives.

6. Feed pump : The sanitary type centrifugal pump (5000
I/h) was used as the feed pump. The flow control valve
fitted in the pipeline control the milk flow rate. The flow rate
was kept constant at 400 I/h during the ftrials.

7. Flow control and return valve : A three-way valve
(SS304) was connected to the milk distribution system
and another line from the valve connected to the balance
tank. The main purpose of the three-way valve at the
distribution line was to control the concentrated milk flow
through the distribution system.

8. Balance tank : A tank (SS 304) of 50-litre capacity with
0.65 m diameter and 0.80 m depth was used as a balance
tank. It was connected with the feed pump to the
distribution system for milk flow; the control balance tank
was connected to the feed tank through the three-way
valve. Milk was re-circulated through the milk flake
formation system.

Table-5 : Criteria for process optimization.

Measured parameters

1. Inlet feed temperature
2. Production time
3. Quantity of milk flakes

4. Flakes production rate

9. Product tank : A tank (SS 304) of 90-litre capacity with
0.56 m diameter and 0.38 m depth was used as an
intermediate tank. It was placed at the outlet of SSHEE.

10. Steam pressure gauge : Pressure gauges were used
to indicate the steam pressure inside the shell maintained
to carry out the present investigation. The pressure gauge
consists of a safety valve and air vent valve for proper
functioning.

11. Concentrator (Horizontal SSHE) : The scraper
assembly of SSHE was used to concentrate milk, is driven
by prime mover gear-motor assembly and motor speed
was controlled by a Variable Frequency Drive (VFD).
Other components of SSHE are vapour vent, steam trap,
pressure gauge, air vent and safety valve.

Experimental procedure : Trials were planned according
to the experimental design shown in table-4.

Optimisation of process parameters : Design Expert 10
statistical analysis software was used for the optimisation
of process parameters. The software prepared the
factorial experimental design, and after trials, data were
analysed. Only significant parameters were considered
during the optimisation process. The criteria for process
optimisation are shown in Table-5.

Parameters Goal Lower Limit Upper Limit Importance
Inlet feed temperature (°C) maximise 65.67 69.33 3
Production time (min) minimise 40 61.67 3
Quantity of milk flakes (gm) maximise 256.67 487.17 3
Flakes production rate (gm/min) maximise 4.20 12.34 3
Condensate quantity (gm) minimise 6113.33 10365.30 3
Product yield (%) maximise 22.83 31.17 3
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Performance evaluation parameters

1. Inlet feed temperature : Milk inlet temperature (°C)
was measured by placing a pt-100 temperature probe in
the milk feed tank of SSHE. The temperature probe was
interfaced with the data logger, and the sampling time was
setto 5s. The average value of milk inlet temperature was
calculated using the recorded data.

2. Production time : The process of production was
achieved by re-circulating the milk in vertical SSHE at
fixed scraper speed. The time taken to achieve the final
concentration of milk (35% T.S.) and the production of
flakes was measured as production time in minutes.

3. Quantity of milk flakes : The quantity of milk flakes
was calculated with the help of an electric weighing
balance. The flakes that were collected in the sieve were
transferred to an already weighed vessel, and the weight
reading was taken for the total production of milk flakes.

4. Flakes production rate : The flakes production rate
was calculated based on the total quantity of flakes
produced in gm and the total time taken in minutes by the
system for production.

. { 9 }_ Total flakes obtained in gm
Flake productionrate| — |= - —

min | Total time taken in minutes
5. Condensate quantity : SSHE steam consumption was
estimated by measuring the quantity of condensate
collected at the steam trap. At the start of the trial, 2 kg of
water was taken in a bucket, and a condensate hose pipe
was dipped into the water. Water is taken in the bucket to
avoid the formation of flash vapour of condensate, and it
gives an accurate quantity of condensate. The quantity of
condensate collected was calculated as the difference
between the initial and final weight of the bucket. The
steam consumption was measured in kilogram (kg).

6. Product yield : Product yield was calculated by the
ratio of the total production of rabri to milk taken for
production.

Production yield (%) = —nalproduct(kg) 44,

Initial quantity of milk (kg)

Results and Discussion

Inlet feed temperature : The inlet feed temperature of milk
did not vary significantly during the trials (Fig. 3). Milk,
after a concentration at a temperature of 1010C was
transferred to the feed tank of the milk flake formation
system. As the pipelines and the feed tank were not
insulated, it resulted in a drop in temperature. The
temperature of the feed was between 60°C to 70°C for
both types of milk (buffalo and cow milk). Therefore, a
higher preheating temperature is recommended for rapid
flakes formation system.
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Fig.-3 : Effect of type of milk and T.S. of feed on inlet
feed temperature.

Production time : Production time was calculated by the
time taken by the flakes formation system for the
production of the final product rabri. Production time
decreased significantly (p<0.05) with an increase in feed
T.S. (Fig.-4). It was due to a higher concentration of milk
resulting in a higher rate of flake production. It was
observed that higher milk T.S. increased the residence
time in the system, and a thick layer of milk film was
formed in the system. During continuous scraping
operation, the thicker film was easily scraped off
compared to film form by lower T.S. Milk.
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Fig.-4 : Effect of type of milk and T.S.of feed on
production time.

Quantity of milk flakes : The quantity of milk flakes
increased significantly (p<0.05) with the increase in feed
T.S. From Fig.-5, it is evident that the quantity of milk
flakes was comparable in the case of both types of milk,
buffalo as well as the cow. Flake quantity was slightly
higher in buffalo milk. It may be due to more total solids
and fat content in buffalo milk. It was observed that flakes
were easier to scrape off in the case of buffalo milk as
compared to cow milk. It may be due to higher fat/oil
content in the film, and it reduced the tendency for the milk
film to stick to the hot metallic surface. SSHE is most
suitable for handling the viscous product with or without
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particles, products that tend to foul the heat transfer
surface (Pujrath et al., 1990; Rajorhia et al., 1991; Dodeja,
2006). As the SSHE cylinder was made by welded sheet,
there were few areas on the internal surface, which were
not smooth. Sometimes it resulted in certain problems.
Good scraping of milk flake was not possible in certain
areas due to uneven internal surface. It caused fouling
and the formation of burnt particles. It also created a
problem during the CIP of the milk flake formation system.
It is recommended to develop a flake formation system
using a seamless pipe.

Flakes production rate : Flakes production rate was
significantly (p<0.05) affected by the type of milk and feed
T.S. Figure 6 shows that the flakes production rate was
maximum for buffalo milk. It may be due to more total
solids contents in milk. The maximum flakes production
rate was 13.30 and 13.20 g/min for buffalo and cow milk,
respectively.
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Fig.-5 : Effect of type of milk and T.S. of feed on
production on total flakes quantity.
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Fig.-6 : Effect of type of milk and T.S. of feed on flakes
production rate.

Condensate quantity : The condensate quantity was
significantly (p<0.05) affected by the type of milk and feed
T.S. Condensate quantity was calculated by taking a
reading of every 10 min of condensate quantity. The
condensate quantity decreased by increasing the

concentration of milk in the milk flakes formation system.
As initial total solids content in feed increased, a lower
evaporation rate was required for milk flake formation. It
could be one of the reasons for the reduction in
condensate quantity. The maximum value of condensate
obtained was 12.30 kg at 18 T.S. and minimum (6.1 kg) at
26 T.S. For cow milk, it was maximum (10.27 kg) at 18
T.S. and 5.1 kg at 26 T.S.
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Fig.-7 : Effect of type of milk and T.S. of feed on total
condensate quantity.

Product yield : Product yield (percentage) was calculated
based on the ratio of final product rabri to initial milk
quantity. A higher product yield is desirable for better cost
economics in commercial rabri production. Maximum and
minimum product yield was 35.50 % and 25.50 %,
respectively. It was in the range of 21-25.50% for cow
milk. Product yield was higher for buffalo milk which may
be due to more total solids contents in buffalo milk.
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Fig.-8 : Effect of type of milk and T.S. of feed
on mean Yyield.

Conclusions

The milk flake formation system was designed for the
production of traditional milk product rabri. Traditional
Indian dairy products require the pre-concentration
process to convert into a delicious sweetmeat. The use of
a milk flake formation system can help to reduce the
energy requirement as well as the time of processing.
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Table-5 : Optimisation solution of milk flake formation system using Design expert.

Type of TS of Milk Inlet Feed Production  Qty. of Milk Flakes Condensation Yield
Milk time Flakes Production Quantity
Rate
(B & C) 18-30 (°C) (min) (gm) (gm/min) (gm) (%)
BUFFALO 26.00 65.67 40.00 487.17 12.34 6333.33 31.17
BUFFALO 22.00 67.67 51.67 41217 8.00 9933.33 29.17
BUFFALO 30.00 67.67 40.00 487.50 12.68 6113.33 27.33
cow 26.00 67.33 40.00 487.17 12.34 6633.33 22.33
COW 22.00 66.00 51.67 41217 8.00 7073.33 23.68
BUFFALO 18.00 68.33 61.67 256.67 4.20 10365.30 27.02
cow 18.00 69.33 61.67 256.67 4.20 9800.00 25.07
cow 30.00 67.33 40.00 487.50 12.68 8846.67 22.83
Results of the preliminary trials in steam jacketed kettle 3. De, S. (1980) Outlines of dairy technology; Kheer. Oxford
confirmed the feasibility of production of milk flake for University Press, New Delhi. pp. 401-402.
rabri. Based on that milk flake formation system was 4. Dodeja, A.K. (1987). Application of scraped surface heat
designed and developed. The system was based on a exchanger for processingof milk and its products. Ph.D.
vertical SSHE. Effect of type of milk (buffalo milk & cow Thesis, Kurukshetra University, Kurukshetra (Haryana).
milk) and different total solids concentrations of milk on 5. Gayen, D. and Pal, D. (1991) Studies on manufacturing and
inlet feed temperature, flakes quantity, production time, storage of rabri. Indian journal of dairy sci., 44(1): 84-88.
the final yield of product and condensate quantity were 6. NDDB, 2019-2020. Milk production in India. Retrieved from
studied. The production time was reduced, and flake https://www.nddb.coop/information/stats/milkprodindia.
quantity and product yield were maximum in the case of A‘fcessed on March. 15, 2022. .
buffalo milk. Design expert software 10 was used for the ~ /- Punirath, J.S.; Veeranjanyalu, B.; Mathunni, M.L.; Samal,
L . . S.K. and Aneja, R.P. (1990). Inclined scraped surface heat
optimisation of the final product. Buffalo milk at 26 T.S. ; . ) :
. o . exchanger for continuous khoa-making. Indian J. Dairy
concentrations was selected for an optimised product with Sci., 43: 225-230.
o N
65 % of desirability. 8. Rajorhia, G.S., Pal, D., Garg, F.C. and Patel, R.S. (1991).
Evaluation of the quality of Khoa prepared from different
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Abstract

The present investigation was carried out to study the effect of different substrate combinations on seed germination, growth
and flowering of different varieties/ genotypes (Pusa Narangi, Pusa Basanti, Hisar Jaffri-2 and MGH 10/206) of marigold at
passively ventilated greenhouse of Agri-tourism Center, CCS Haryana Agricultural University, Hisar. Five substrates i.e.
cocopeat, perlite, vermiculite, vermicompost and send were used to create the different treatments in different proportions. The
results indicate that genotype MGH 10/206 took lesser days for first flowering with longer duration having more number of
flowers per plant with the T2 substrate (cocopeat + vermiculite + perlite, 3:1:1).

Key words : Substrates, marigold, germination, flowering, yield.

Introduction

Marigold (Tagetes erecta L.) seems to have gained the
cultural status of one of the world’s most commercially
valuable flowers. It accounts for over half of the nation’s
loose flower production in the Indian subcontinent. It is
mainly used to make garlands, beatification, religious
offerings and social functions. Marigold has an advantage
over loose flower in vogue from the point of view of
commercial marketing and revenue generation, followed
by chrysanthemum, jasmine, tuberose, crossandra and
barlery (Bhattacharjee, 2003). It is widely grown for its
natural dye extraction, essential oils, and exquisite blooms
and also used by physician to heal and cure basic
diseases as part of herbal therapies (Raghava and
Saxena, 2001). In heavy soil without enough drainage, the
development of root system is suppressed and plants are
most susceptible to soil borne diseases (Beattle and
White, 1992). Growing media also plays important role for
seed germination. Growing medium not only acts as a
growing place but also as a source of nutrient for plant
growth, media composition used influences the quality of
seedling (Wilson et al., 2001). Generally, media for
seedling are composed of soil, organic matter, pond soil
and sand. The soil is usually used as a basic medium
because it is cheapest and easy to procure.
Supplementing of the sand is aimed to make media more
porous, while the organic matter (vermicompost) is added
so as to enrich adequate nutrients for the seedling. There
is better relationship between the manure and rooting
rather than conventional soil mix and less susceptibility of
the seedling to the soil borne pests and diseases. Several
studies on the growth media had been conducted on the
various horticultural crops by previous researchers.

Cocopeat is an agricultural by-product obtained after
the extraction of fiber from the coconut husk (Abad et al.,

2002) as a growing medium, cocopeat can be used to
produce a number of crop species with acceptable quality
(Yahya et al., 1999; Yau and Murphy, 2000). Although the
cultivation in soil is inexpensive, but it brings about some
risks like-soil borne disease, insect and pest. Cocopeat is
considered as a good growing media component with
acceptable pH, EC and other chemical attributes (Abad et
al., 2002). Substrate has a direct effect on the
development and performance of root system (Abad et
al., 2002). The most primary roots in each plant, the
length of the longest root string, root and shoot dry weight
was obtained from perlite, Fine peat + perlite and peat
substrates (Ercisli et al., 2005) and fresh root weight
(Selda and Anapali, 2010). The results of many
experiments revealed that cocopeat used alone or as a
component of soil or other soilless medium, suitable for
roses (Blom, 1999), gerbera (Labeke-Van and Dambre-
Van, 1998), many potted plants (De-Kreij and Leeuven,
2001; Treder, 2003). Keeping in view the influence of
different media viz., sand, cocopeat, perlite, vermiculite,
vermicompost and FYM was studied on germination,
growth and flowering in marigold.

Materials and Methods

The experiment was carried out in a passively ventilated
greenhouse at Agri-tourism Center, CCS Haryana
Agricultural University, Hisar (Haryana). In the study, Pusa
Narangi, Pusa Basanti, Hisar Jaffri-2 and MGH 10/ 206
cultivars was used during the year 2015-16 to 2017-18.
The plants were cultivated in different growing media. Five
substrates sand, cocopeat, perlite, vermiculite and
vermicompost were used to create the seven different
treatments in different proportion (by volume) for the
cultivation. The seven-substrate mixtures with five
replications /treatments (with 5 plants/ replications) were
arranged in single rows on a greenhouse trough. The
treatments were :
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T, — cocopeat + vermicompost + perlite (1:1:1)
T, — cocopeat + vermiculite + perlite (3:1:1)
T3 — cocopeat + vermiculite + perlite (1:1:1)
T, — sand + vermicompost (9:1)

Ts — sand + FYM (9:1)

Ts — sand + vermiculite (9:1)

T, — sand (control)

The seeds of marigold were sown in planting with
above media combination under greenhouse condition
during the September-October after treating with
fungicide. The greenhouse with facility of controlling
temperature, humidity and light with automation system
for irrigation and fertigation was used. After recording of
data of seedling plants, the plants were transplanted in
open field. The transplanted plants were kept under
uniform condition during the study period where all the
management practices were carried out as per the
package of practices. The data were analyzed according
to the procedure for analysis of completely randomized
design (CRD) as given by Panse and Sukhtme (1984).
The overall significance of difference among the
treatments was tested, using critical differences (C.D.) at
5% level of significance. The results were statistically
analyzed with the help of a windows based computer
package OPSTAT (Sheoran et al., 1998).

Results and Discussion

The data presented in Table-1 showed that cultivar Pusa
Narangi showed highest germination (73.4%), which was
statistically at par with Pusa Basanti (73.1%) followed by
Hisar Jaffri-2 (62.9%), whereas, lowest germination was
reported from MGH 10/206 (35.1%). The seed sown in the
substrate combination, cocopeat: vermiculite: pertlite
(3:1:1), resulted into highest germination followed by T;
(63.9%), while minimum per cent germination (52.9%)
was observed from control. Seeds of Pusa Basanti in
substrate combination T,, resulted highest germination
percentage (84.2%) over all other media and cultivars,
except Pusa Narangi cultivar in T, (80.2%).

Different substrate combinations significantly affect
the days taken to 50 per cent germination in different
cultivars of marigold (Table-2). The minimum days for
50% germination (6.3 days) was observed from T,
(cocopeat: vermiculite: perlite, 3:1:1) followed by Ts (8.7
days) and maximum days for 50% germination (12.0
days) was found in sand alone (control). In case of
cultivars/ genotypes lowest days for 50% germination (8.5
days) was observed in Hisar Jaffri — 2 followed by Pusa
Narangi (9.0 days). Hisar Jafri-2 cultivar of marigold with
media cocopeat: vermiculite: perlite (3:1:1) significantly

taken less days for 50 per germination (3.8 days) over all
other treatment combinations.

The seedling length of different cultivars of marigold
significantly  influenced  with  various  substrate
combinations and interaction between the cultivars and
substrates (Table-3). The results showed that Hisar
Jaffri-2 cultivar of marigold resulted highest seedling
length (7.1 cm) followed by MGH 10/206 (6.7 cm),
whereas, lowest seedling length was measured in cultivar
Pusa Basanti (5.7 cm). Seeds grown in cocopeat +
vermiculite + perlite (3:1:1), substrate combination
resulted higher seedling length (7.8 cm) compared to the
other media combinations. When cultivar Hisar Jaffri -2
grown with substrate cocopeat + vermiculite + perlite
(8:1:1), resulted maximum seedling length (8.8 cm) and
found superior than all other treatment combinations.

The various treatments exerted significant influence
on root length of different cultivars of marigold (Table-4).
In terms of cultivars, the longest roots (7.2 cm) were
observed in MGH 10/ 206 followed by Hisar Jaffri — 2 (6.1
cm), while shortest roots (5.0 cm) were observed in Pusa
Narangi cultivar. The seedlings grown in T, (cocopeat +
vermiculite + perlite, 3:1:1) showed highest root length
(8.8 cm) followed by Ty (7.8 cm). The treatment
combination of genotype MGH 10/206 and cocopeat +
vermiculite + perlite, 3:1:1 substrate found best for root
length (10.2 cm) than all other treatment combinations.

Days taken to bear first flower exhibited significant
differences caused due to different substrate combination
and cultivars (Table-5). The earliest flowering was
observed in cultivar Pusa Basanti (87.0 days), however it
was found statistically at par with Pusa Narangi (87.1
days) and MGH 10/206 (87.6 days). The plants grown in
cocopeat + vermiculite + perlite, 3:1:1 substrate took
lesser days to bear first flower (82.3 days) followed by Ts
(88.1 days). All the cultivars except Hisar Jafri-2 with
media T, (cocopeat + vermiculite + perlite, 3:1:1) resulted
into lesser days to first flowering.

There were significant differences in duration of
flowering in marigold observed due to combination of
different substrates, cultivars and their interactions (Table
6). The highest duration for flowering (34.3 days) was
observed in MGH 10/206, which was statistically similar
with Hisar Jaffari-2 (34.2 days) and lowest duration of
flowering was reported in Pusa Narangi (27.9 days). In
case of substrate combination, T, was found superior to
increase the duration of flowering (35.9 days) than other
substrate mixtures. Maximum duration of flowering was
observed in Hisar Jaffari-2 plants, when grown in T,
(cocopeat + vermiculite + perlite, 3:1:1), however it was
found statistically at par with T,V; (37.5 days), ToV, (37.2
days) and T4V, (37.2 days).
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Effect of growing media on germination per cent in different genotypes/varieties of marigold.

Treatment Germination (%)
Pusa Pusa Hisar MGH Mean
Narangi Basanti Jaffri-2 10/206
T1-Cocopeat + Vermicompost + Perlite (1:1:1) 69.8 72.5 68.6 38.5 62.4
T,-Cocopeat + Vermiculite + Perlite (3:1:1) 80.2 84.2 73.5 48.9 7.7
Ts-Cocopeat + Vermiculite + Perlite (1:1:1) 77.5 78.5 63.2 36.2 63.9
T4-Sand + Vermicompost (9:1) 71.5 73.4 62.5 33.5 60.2
Ts-Sand + FYM (9:1) 78.4 73.6 53.6 31.5 59.3
Te-Sand + Vermiculite (9:1) 73.2 68.5 61.2 27.4 57.6
T,-Sand (Control) 63.5 61.2 57.5 29.4 52.9
Mean 73.4 73.1 62.9 35.1
CD (p = 0.05) A =231 B =1.74 Ax B = 4.61
A = Treatment, B = Variety
Table-2 : Effect of growing media on days to 50% germination in different genotypes/varieties of marigold.
Treatment Days taken to 50% germination
Pusa Pusa Hisar MGH Mean
Narangi Basanti Jaffri-2 10/206
T1-Cocopeat + Vermicompost + Perlite (1:1:1) 10.8 12.5 6.5 14.2 11.0
T,-Cocopeat + Vermiculite + Perlite (3:1:1) 5.8 6.9 3.8 8.5 6.3
Ts-Cocopeat + Vermiculite + Perlite (1:1:1) 7.8 7.8 9.5 11.3 9.1
T4-Sand + Vermicompost (9:1) 111 8.5 6.8 12.9 9.8
Ts-Sand + FYM (9:1) 6.9 9.2 8.5 9.8 8.7
Te-Sand + Vermiculite (9:1) 10.2 10.5 12.5 8.7 11.2
T,-Sand (Control) 10.5 11.9 11.9 11.2 12.0
Mean 9.0 9.6 8.5 11.7
CD (p = 0.05) A = 0.26 B = 0.20 Ax B = 0.53
A = Treatment, B = Variety
Table-3 : Effect of growing media on seedling (cm) length in different genotypes/ varieties of marigold.
Treatment Seedling length (cm)
Pusa Pusa Hisar MGH Mean
Narangi Basanti Jaffri-2 10/206
T4-Cocopeat + Vermicompost + Perlite (1:1:1) 5.5 5.7 6.2 7.5 6.2
To-Cocopeat + Vermiculite + Perlite (3:1:1) 7.5 71 8.8 8.0 7.8
Ts-Cocopeat + Vermiculite + Perlite (1:1:1) 6.6 4.8 7.7 6.5 6.4
T4-Sand + Vermicompost (9:1) 6.1 6.4 7.3 7.8 6.9
Ts-Sand + FYM (9:1) 4.5 5.4 7.5 7.0 6.1
Te-Sand + Vermiculite (9:1) 5.3 6.0 6.5 5.3 5.8
T,-Sand (Control) 4.9 4.2 5.5 4.5 4.8
Mean 5.8 5.7 71 6.7
CD (p = 0.05) A = 0.27 B = 0.21 Ax B = 0.54

A= Treatment, B = Variety

Flower diameter differed significantly in all the
verities/ genotypes with different substrate combinations
and their interactions (Table-7). Pusa Narangi and Pusa
Basanti resulted into significantly higher flower diameter
(4.0 cm and 3.9 cm, respectively) over Hisar Jaffri-2 (3.3
cm) and MGH 10/206 (3.3 cm). Plants grown in T,
(cocopeat + vermiculite + perlite, 3:1:1), produced largest
flower compared to the other treatment combination. The
combination of cultivar Pusa Narangi with T, (4.4 cm) and
T, (4.3 cm), whereas, Pusa Basanti with T, (4.4 cm)

produced maximum flower diameter over other treatment
combinations.

Difference in the number of flowers per plant on
account of verities/genotypes, substrate combinations
and interactive values of the treatments were significant
(Table-8). The highest number of flower per plant (108.1)
was reported in MGH 10/206 followed by Hisar Jaffri-2
(84.4), while lowest number of flowers per plant (41.8)
was observed from Pusa Narangi. The treatment
combination cocopeat + vermiculite + perlite, 3:1:1, best
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Table-4 : Effect of growing media on root length in different genotypes/ varieties of marigold.
Treatment Root length (cm)
Pusa Pusa Hisar MGH Mean
Narangi Basanti Jaffri-2 10/206
T4-Cocopeat + Vermicompost + Perlite (1:1:1) 6.5 8.1 7.9 8.6 7.8
T,-Cocopeat + Vermiculite + Perlite (3:1:1) 7.0 9.7 8.3 10.2 8.8
Ts-Cocopeat + Vermiculite + Perlite (1:1:1) 5.8 7.0 4.3 7.5 6.6
T4-Sand + Vermicompost (9:1) 4.0 6.7 6.9 7.8 6.4
Ts-Sand + FYM (9:1) 3.6 5.0 23 6.2 4.4
Te-Sand + Vermiculite (9:1) 3.1 3.2 6.0 71 4.9
T,-Sand (Control) 4.8 25 4.0 3.3 3.7
Mean 5.0 6.0 6.1 7.2
CD (p = 0.05) A = 0.27 B = 0.21 Ax B = 0.55
A = Treatment, B = Variety
Table-5 : Effect of growing media on days to first flowering in different genotypes/varieties of marigold.
Treatment Days to first flowering
Pusa Pusa Hisar MGH Mean
Narangi Basanti Jaffri-2 10/206
T1-Cocopeat + Vermicompost + Perlite (1:1:1) 82.7 81.7 115.2 83.6 90.8
To-Cocopeat + Vermiculite + Perlite (3:1:1) 79.5 78.9 93.2 77.6 82.3
Ts-Cocopeat + Vermiculite + Perlite (1:1:1) 91.8 92.5 119.2 941 99.4
T4-Sand + Vermicompost (9:1) 89.1 87.4 106.2 88.1 92.7
Ts-Sand + FYM (9:1) 85.1 88.9 98.1 80.3 88.1
Te-Sand + Vermiculite (9:1) 87.0 83.7 100.7 98.2 92.4
T,-Sand (Control) 94.8 96.2 110.2 91.4 98.2
Mean 87.1 87.0 106.1 87.6
CD (p = 0.05) A = 3.66 B =276 A x B =7.31
A = Treatment, B = Variety
Table-6 : Effect of growing media on duration of flowering in different genotypes/ varieties of marigold.
Treatment Duration of flowering (days)
Pusa Pusa Hisar MGH Mean
Narangi Basanti Jaffri-2 10/206
T1- Cocopeat + Vermicompost + Perlite (1:1:1) 33.5 32.0 37.5 35.0 34.5
T,- Cocopeat + Vermiculite + Perlite (3:1:1) 35.2 33.1 38.2 37.2 35.9
Ts- Cocopeat + Vermiculite + Perlite (1:1:1) 28.8 31.0 35.2 33.6 32.2
T4~ Sand + Vermicompost (9:1) 28.3 30.4 33.2 35.8 31.9
Ts- Sand + FYM (9:1) 30.1 32.5 34.3 32.4 32.3
Te- Sand + Vermiculite (9:1) 27.5 31.4 315 34.3 31.2
T,- Sand (Control) 27.9 29.6 295 31.7 29.7
Mean 27.9 314 34.2 34.3
CD (p = 0.05) A =1.36 B = 1.03 Ax B = 2.73

A= Treatment, B = Variety

suited for the number of flowers per plant (89.5) followed
by T4 (76.4) and T, (73.4). Plants grown in T,V,4 produced
highest number of flower per plant (133.1) and found
superior from rest of the treatment combinations.

The present studies showed that all combinations of
soilless substrates significantly improved growth and yield
of marigold ac compared to the sand alone. The variation
in the vegetative growth and yield might be due to the
properties of different ingredient used in growing
substrates exhibit direct and indirect effects on plant
growth. The present results are in line with earlier findings

of Verdonk et al. (1981) and Schie (1999), who reported
that the cocopeat in substrate mixture play important role
as a organic material with medium ion absorption
capacity. It also has aerial porosity and better capacity of
water and nutrient maintenance (Por-Hossein et al., 2009;
Sharma et al., 2015; Sharma and Godara, 2019). Perlite
is considered as a important substrate with excellent
features in soilless cultivation since it has high water
absorption and also increase watering holding capacity as
well as porosity (Inden and Torres, 2004). Larrea (2006)
suggested that substrate combination having vermiculite
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Table-7 : Effect of growing media on flower diameter in different genotypes/varieties of marigold.

Treatment Flower diameter (cm)
Pusa Pusa Hisar MGH Mean
Narangi Basanti Jaffri-2 10/206
T4-Cocopeat + Vermicompost + Perlite (1:1:1) 4.4 4.2 3.5 3.4 3.9
T,-Cocopeat + Vermiculite + Perlite (3:1:1) 4.3 4.4 3.6 3.7 41
Ts-Cocopeat + Vermiculite + Perlite (1:1:1) 4.2 41 3.5 3.5 3.8
T4-Sand + Vermicompost (9:1) 3.9 4.0 3.5 3.3 3.7
Ts-Sand + FYM (9:1) 4.0 3.7 3.1 3.1 3.5
Te-Sand + Vermiculite (9:1) 3.7 3.6 3.2 3.3 3.4
T,-Sand (Control) 3.5 3.5 25 29 3.1
Mean 4.0 3.9 3.3 3.3
CD (p = 0.05) A = 0.083 B = 0.063 AxB = 0.165
A = Treatment, B = Variety
Table-8 : Effect of growing media on number of flowers per plant in marigold under polyhouse condition.
Treatment Number of flowers per plant
Pusa Pusa Hisar MGH Mean
Narangi Basanti Jaffri-2 10/206
T1-Cocopeat + Vermicompost + Perlite (1:1:1) 35.5 40.2 96.5 121.2 73.4
T,-Cocopeat + Vermiculite + Perlite (3:1:1) 48.2 73.8 101.1 133.1 89.5
Ts-Cocopeat + Vermiculite + Perlite (1:1:1) 1.7 43.8 71.3 99.5 64.1
T4-Sand + Vermicompost (9:1) 454 58.9 82.8 1185 76.4
Ts-Sand + FYM (9:1) 441 64.2 86.5 88.3 70.8
Te-Sand + Vermiculite (9:1) 38.2 48.5 79.4 113.3 69.8
T,-Sand (Control) 39.3 34.8 73.4 82.9 57.6
Mean 41.8 52.3 84.4 108.1
CD (p = 0.05) A = 3.1 B =23 Ax B = 6.2
A = Treatment, B = Variety
increased  germination and growth in  tomato. 4 Bjom T.J. (1999). Coco coir versus granulated roockwool

Vermicompost consists of available forms of nutrition for
plants like nitrates, exchangeable phosphorus,
potassium, calcium and magnesium and increased the
water retention capacity (Fernandes and Eduardo-Cora,
2004); and also known as a medium effective better
growth and yield (Cantliffe et al., 2007; Sharma and
Godara, 2019). The combination of different organic and
inorganic substrates in appropriate proportion optimizes
water and oxygen holding and also allows the plants for
better nutrient uptake, sufficient growth and development
(Hesami et al., 2012).
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Abstract

The present investigation entitled “Analysis of different Chemical parameters of dehydrated flakes of jack fruit cultivars” was
carried out in during summer season 2016-17 at Department of Horticulture, Dr. Panjabrao Deshmukh Krishi Vidyapeeth,
Akola, Maharashtra. The Experiment was laid out in randomized block design with three replications and thirteen treatments
were evaluated in the present study. The present investigation was carried out to explore the “Chemical parameters of
dehydrated flakes of different jackfruit genotypes but the highest TSS (74.89° Brix) was recorded in genotype GDJF-8 and In
respect to total sugar, reducing sugar the highest total sugar (69.12%), reducing sugar (59.36%) was observed in genotype
GDJF-11 and the highest non-reducing sugar (6.33%) was recorded with genotype GDJF-10. in respect to TSS/acid ratio, the
highest TSS/acid ratio (191.47) was recorded in the genotype GDJF-13. TSS Maximum ascorbic acid was observed in
genotype GDJF-9 (7.36 mg/100) while Highest acidity (0.62 %) for fresh flakes of jackfruit was observed in genotype AKJF-2.

Introduction

Jackfruit is mostly grown in tropical India or close to
tropical climates of southern states of country. It is native
to parts of South and Southeast Asia and is believed to
have originated in the south western rain forests of the
Western Ghats in the Indian Subcontinent.

The jackfruits are good source of energy ranges
from 95 Kcal, Protein 1.72 g, Fat 0.64 g, Carbohydrates
23.5 g, Fibre 1.5 g, Calcium 34 mg, Iron 0.60 mg,
Magnesium 37 mg, Thiamine 0.105 mg, Riboflavin 0.155
mg, Niacin 0.920 mg, Vitamin C 13.7 mg. Fresh fruit is a
good source of potassium, magnesium, manganese and
iron. Potassium is an important component of cell and
body fluids that helps controlling heart rate and blood
pressure.

Exploitation of existing variability for improvement of
jackfruit in order to encourage commercial orcharding is
required. Study of physical and chemical characters are
very useful in understanding the selection procedure for
high yielding clones in jackfruit.

Many processing techniques can be employed to
preserve fruits and vegetables. Drying /dehydration is one
of the most important operation that is widely practiced
because of considerable saving in packaging, storage etc.
Osmotic dehydration is a method of preservation in which
the food is dipped in concentrated salt or sugar solutions.
Osmotic dehydration is the phenomenon of removal of
water from lower concentration of solute to higher
concentration through semi permeable membrane
resulting in an equilibrium condition on both sides of
membrane (Tiwari, 2005). The main advantages of
osmotic dehydration include better colour, texture and
flavour retention along with minimum heat damage.

Materials and Methods

The experiment entitled “Analysis of different Chemical
parameters of dehydrated flakes of jack fruit cultivars” was
carried out in Analytical laboratory, Department of
Horticulture, Dr. Panjabrao Deshmukh Krishi Vidyapeeth,
Akola during the year 2016-17. The different genotypes of
jackfruits were collected from the various region of
Vidarbha viz., Korchi, Dist. Gadchiroli; Akot, Dist. Akola.
During the experiment three replications, thirteen
treatments and randomise block design were laid out in
the field. The following thirteen genotype were collected
that is mentioned in table 01.

List of Genotypes Treatments notation
AKJF-1 (Akot jackfruit-1) TH1
AKJF-2 (Akot jackfruit-2) T2
AKJF-3 (Akot jackfruit-3) T3
AKJF-4 (Akot jackfruit-4) T4
AKJF-5 (Akot jackfruit-5) T5
AKLJF-6 (Akola jackfruit-6) T6
GDJF-7 (Gadchiroli jackfruit-7) T7
GDJF-8 (Gadchiroli jackfruit-8) T8
GDJF-9 (Gadchiroli jackfruit-9) T9
GDJF-10 (Gadchiroli jackfruit-10) T10
GDJF-11 (Gadchiroli jackfruit-11) T11
GDJF-12 (Gadchiroli jackfruit-12) T12
GDJF-13(Gadchiroli jackfruit-13) T13

Result and Discussion

The result and discussion presented in Table-2 and
graphically illustrated in Fig.-1.
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Table-2 : Analysis of deferent Chemical parameters of dehydrated flakes of jack fruit cultivars.

Name of TSS (°Brix) | Total sugar | Non-reducin Reducing Ascorbic Titratable TSS/ acid
genotypes (%) g Sugar (%) Sugar (%) acid acidity (%) ratio
(mg/100g)
AKJF-1 70.42 62.28 17.48 44.80 4.16 0.98 74.16
(6.69) (0.99)
AKJF-2 70.44 60.05 11.90 48.15 5.38 0.78 79.79
(6.94) (0.88)
AKJF-3 71.76 61.56 10.53 51.03 3.86 0.73 83.81
(7.42) (0.86)
AKJF-4 73.56 66.82 8.32 58.50 3.92 0.52 102.04
(7.24) (0.72)
AKJF-5 73.05 64.60 19.44 45.16 6.75 0.98 73.92
(6.72) (0.99)
AKLJF-6 65.15 46.15 13.5 32.65 1.02 0.78 70.32
(4.20) (0.85)
GDJF-7 72.17 65.84 18.19 47.65 6.15 0.73 70.51
(6.90) (0.43)
GDJF-8 74.89 67.84 9.57 58.27 7.25 0.18 84.68
(7.63) (0.43)
GDJF-9 73.12 65.06 7.81 57.25 7.36 0.21 171.73
(7.89) (0.28)
GDJF-10 69 54 62.35 6.33 56.02 2.14 0.28 150.91
(7.48) (0.53)
GDJF-11 72.82 69.12 9.76 59.36 5.65 0.41 127.73
(7.70) (0.64)
GDJF-12 73.36 65.18 17.00 48.18 1.12 0.15 113.27
(6.94) (0.39)
GDJF-13 74.25 64.26 13.64 50.62 3.46 0.55 191.47
(7.11) (0.74)
‘F’ Test Non-Sig. Sig. Sig, Sig. Sig. Sig. Sig.
SE (m)= 28.41 0.64 0.47 0.09 0.09 0.01 5.24
CD at 5% . 1.93 1.41 0.27 0.27 0.03 16.17
Note : Figures in parenthesis for non-reducing sugar and titrable acidity are square root transformations.

Evaluation of deferent jackfruit cultivars for TSS : The
data pertaining to the TSS content of dehydrated flakes of
different jackfruit genotype is presented in Table 02
indicate that the TSS content of dehydrated flakes did not
varied significantly, However the TSS content recorded for
their different genotypes varied between 65.15° to 74.89°
Brix. The maximum TSS was recorded in GDJF-8 (74.89
°B) while minimum AKLJF-6 (65.15°B).

Content of dehydrated flake to fresh flake may be
due to loss of water from fruit cells during dehydration.
This is in confirmation to the finding of Swaroopa et al.
(2016) who reported TSS of 60.33 °B in fruit crops. The
genotype AKLJF-6 recorded lowest TSS in flakes as the
initial TSS content of fresh flakes was low which is a
genetically parameter.

Evaluation of different jackfruit cultivars for total
sugar, reducing sugar and non-reducing sugar : The
data regarding total sugar, reducing sugar and non-

reducing sugar in dehydrated flakes of jackfruit of different
genotypes is presented in above Table-2 and graphically
illustrated in Fig.-1 that significant differences were
observed for total sugar content of dehydrated flakes. The
maximum total sugar content was recorded in the
genotype GDJF-11 (69.12) which was at par with GDJF-8
(67.84%). The genotype AKLJF-6 recorded the lowest
total sugar in content (46.15%). The above present
findings are in agreement with Sharma et al. (2000) in
apricot, Mishra et al. (2014) in mango and Swami et al.,
(2014) in jackfruit. The variation with the genotype may be
due to the variation in TSS content of fresh flakes which is
a genetic character.

In respect to reducing Sugar It is found that the
variation was varied from of 6.33% to 19.44% and the
maximum reducing sugar was observed in the genotype
AKJF-5 (19.44%) which was at par with GDJF-7 (18.19%)
while the lowest reducing sugar was recorded in GDJF-10
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Fig. 01. Analysis of deferent Chemical parameters of dehydrated flakes of jack
fruit cultivars
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(6.33 %). The present finding indicates variation in the
reducing sugar content of dehydrated flakes is might be
due to the variation in initial reading sugar level of fresh
flakes. This is close to the finding of Mishra et al., (2014)
in mango and Swami et al., (2016).

In respect to non-reducing sugarit is observed that
the variation in different genotypes for non-reducing sugar
ranged between 32.65% to 59.36%. The genotype
GDJF-11 recorded maximum non-reducing sugar of
jackfruit (59.36%) and the lowest non-reducing sugar was
noted | the genotype AKLJF-6 (32.65%).The variation in
non-reducing sugar of dehydrated flakes might be due to
the initial non-reducing content of fresh flakes. Similar
finding are reported by Swami et al. (2016).

Evaluation of different jackfruit cultivars for vitamin C
(Ascorbic acid) content in dehydrated flacks : In
respect to ascorbic acid content of dehydrated flakes, it is
observed that the ascorbic acid content ranged from 1.02
to 7.36 mg/100g. The highest value for ascorbic acid was
observed in the genotype GDJF-9 (7.36 mg/100) and the
lowest ascorbic acid was noted in the genotype AKLJF-6
(1.02mg/100 g). The variation in ascorbic content may be
due to initial ascorbic acid content of fresh flakes. Similar
results were reported by Mishra et al. (2014).

Evaluation of different jackfruit cultivars for Titratable
acidity (%) : Itis revealed that the titratable acidity differed
significantly amongst the genotypes for dehydrated flakes.
Significantly maximum titratable acidity (0.98%) was
observed in the genotype AKJF-1 and AKJF-5 which was
followed by AKJF-2 (0.78%) and AKLJF-6 (0.76%).
However, lowest acidity was recorded in GDJF-12
(0.15%). The present findings indicates variability in
titratable acidity within different jackfruit genotypes. This is
in agreement to the findings of Castro et al. (2016) and
Swaroopa et al. (2016).
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Evaluation of deferent jackfruit cultivars for TSS/ acid
ratio : It is observed that the genotype GDJF-13 recorded
highest TSS/acid ratio (191.47) which was followed by
GDJF-9 (171.73), GDJF-10 (150.91), GDJF-11(127.73),
GDJF-12 (113.27) and AKJF-4 (102.04). The lowest value
was observed in AKLJF-6 (70.32). It is observed that TSS/
acid ratio of the genotypes from Gadchiroli district is more.
This may be due to less acidity content of fruits. The TSS
/acid ratio is an important parameter that determined taste
and acceptability. Low acidity and higher sugar are
responsible for the sweet taste of jackfruit as reported by
Selvaraj and Pal (1989). This is in confirmation with finding
of Jagdeesh et al. (2007)".

Conclusions

It is concluded that the chemical parameters of
dehydrated jackfruit flakes werefound varied as per
climatic condition and genetically constituent of genotype
or cultivars but the highest TSS (74.89°Brix) was recorded
in genotype GDJF-8 and In respect to total sugar,
reducing sugar the highest total sugar (69.12%), reducing
sugar (59.36%) was observed in genotype GDJF-11 and
the highest non-reducing sugar (6.33%) was recorded
with genotype GDJF-10. in respect to TSS/acid ratio, the
highest TSS/acid ratio (191.47) was recorded in the
genotype GDJF-13. TSS
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Abstract

The experiment was laid out in RBD having 12 treatment and 3 replications. Application of different levels of Nitrogen and Boron
have marked effect on Growth and yield of Radish on the different stage. All the growth character such as Height of plant,
Number of leaves of plant, Length of leaves and length of root are increased with the increase in nitrogen. Boron shows positive
response to the quality characters such as Percent dry matter and Ascorbic acid, on interaction with Nitrogen it showed
significant response in all aspect of Growth and Yield. The best results regarding various growth character was found in Te- 60
kg N, Okg B, but somehow highest root yield was obtained under T11 under the combination- 60 kg N and 10 Kg B. Boron have
huge impact on quality of Radish as it shows with the results, best quality were obtained with the application of T11- 60 Kg N And
10 Kg B. An effort was made to estimate the cost of cultivation and cost benefit Ratio with use of each treatment separately and
on the basis of result the highest net Profit was obtained with the Treatment Tg followed by T1o. Highest B.C.R. was also
recorded with the Treatment To.On the basis of above finding it can be concluded that best treatment was Te, with comparatively
low input and high yield favours the use of treatment, followed by T+, which is high performer in all aspect of growth and yield

but more costly on comparison with second best To.

Key words : Radish, growth, yield, nitrogen and boron.

Introduction

Radish (Raphanus sativus L.) is a diploid species, Radish
(Raphanus sativus L.) is a diploid species and is popular in
both tropical and temperate region and can be grown
through out the year. Radish is one of the most ancient
crops as the inscription on inner wall of pyramid shows
that radish was used in Egypt about 2000 B.C., some
source also reveal that it was cultivated in about 2700 B.C.
it is well known root vegetable native from Europe or Asia.
Asiatic radish is originated from Raphanus sativus f.
Raphnistroids and originated from Mediterranean region.
It belongs to Brassicaceae family and grown throughout in
the country for its young fleshy roots mainly.

When we talk about nutrients healthy plants often
contain 3-4% nitrogen in tissues, this is higher in
comparison to other nutrients. It is essential constitute of
protein, nucleic acid, chlorophyll and enzymes etc. when
nitrogen is deficit in soil, the harvest is poor in size and
quality (Hussain et al. 1997). Both low and high
application of nitrogen results in loss of production and
quality of crop. Nitrogen is related to both production and
quality and boron is essential for quality and deficiency of
boron can increase the production of thiocynates, which
are known giotrogens. Nitrogen is a paramount nutrient
for plant since it is a core component of many plant
structures and for both their internal and external
metabolic.

Boron is essential for normal growth and production
of sound, healthy vegetables. Boron is required for pollen
tube development, pollen germination, plasma membrane
stimulation, floret fertility, anther development, and seed
formation. Boron shortage causes a decrease in leaf
photosynthetic rate, plant height, the quantity of
reproductive structures during the squaring and fruiting
stages, and dry matter production (Wang et al. 2003). As
we can see both nutrients are essential for quality and
quantity of production, it is very important for farmer to
know right level of nutrient which is essential for good
production of radish. Keeping the above point in mind the
present investigation “Effect of different levels of nitrogen
and Boron on growth performance and yield of Radish
(Raphanus sativus L.) cv. Kashi Hans”

Materials and Methods

The present investigation “Effect of Nitrogen and Boron on
growth performance and yield of Radish cv. Kashi Hans”
was Carried out in 2020-21 at research form, Department
of Horticulture, Udai Pratap (Autonomous) College,
varanasi. The topography of field was uniform with gentle
slope and adequate drainage. The experiment was laid
out in RBD having 12 treatment and 3 replications.
Observation were recorded at five tagged plants from
each treatment and each replication for growth, yield and
quality. Growth, yield and quality parameters of the
following traits were recorded viz. Plant height(cm),
Number of leaves, length of leaves(cm), length of
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Table-1 : Effect of different levels of nitrogen and boron of growth and yield parameter of Radish.

TRT Plant No. of Length Root Root Yield per Yield per % dry Ascorbic
Height leaves of leaves Length Diameter plot (kg) ha (q) matter Acid
(cm) (cm) (cm)
NoBo (To) 21.473 10.48 22.32 14.55 212 21.830 238.240 6.10 16.53
NoBy (T1) 21.830 10.71 22.66 15.19 2.29 24.010 262.317 6.25 16.95
NoB2 (T2) 22.023 11.17 22.84 15.46 2.32 24.147 270.570 6.49 17.28
N1Bo (T3) 23.650 12.33 23.41 16.36 3.09 26.380 382.017 6.19 17.20
N+1B1 (T4) 24.340 12.70 23.61 17.04 3.18 26.573 383.220 6.66 18.36
N4B2 (Ts) 24.937 13.06 24.02 17.22 3.18 26.853 384.683 7.06 19.41
N2Bo (Te) 25.050 13.88 24.97 17.41 3.41 28.933 406.110 6.28 18.14
N2B1 (T7) 25.927 14.13 25.20 17.75 3.46 29.070 406.597 7.25 19.57
N2B2 (Ts) 25.977 14.46 25.68 20.58 3.83 30.397 408.430 7.60 21.11
N3Bo (To) 29.107 16.69 27.23 17.85 3.66 32.010 423.470 6.39 20.00
N3Bi (T+o) 28.853 16.16 26.95 20.13 3.80 32.703 426.787 7.95 20.97
N3Bz (T11) 28.057 15.58 26.54 20.42 3.82 33.420 430.330 8.26 21.67
SEm 0.4023 0.27 0.2642 0.4651 0.3045 0.9774 3.0088 0.3271 0.7954
CD 5% 1.1798 0.78 0.7750 1.3642 0.8931 2.8667 8.8246 0.9594 2.3327

root(cm), Diameter of root(cm), Fresh weight of root(g),
dry weight of root(g), yield per plot (kg) and ha(q), percent
dry matter of leaves and Ascorbic acid content(mg). The
data on growth, yield and quality components were
subjected to Fisher's method of analysis of variance
(ANOVA), where the ‘F’ test significantly for comparison of
the treatment means, CD values were worked out at 5%
probability level.

Results and Discussion

Higher dose of nitrogen affects the height of plant, number
of leaves per plant, length of leaves, length of root and
diameter of root and yield of roots/Plant in comparison of
lower levels. The maximum plant height (29.10 cm) was
observed in the treatment Ty (60 Kg N + 0 Kg B) followed
by Tio (28.85 cm) and T;4 (28.05 cm). Minimum plant
height (21.47 cm) was observed in the treatment T,
(control). The maximum number of leaves per plant
(16.69) was observed in Tg with the application of (60 Kg N
+ 0 Kg B), followed by Ty (16.16) and T4 (15.58), the
minimum number of leaves (10.48) was observed in Ty
(Control). The length of leaves of radish was significantly
affected with different treatments. Maximum length of
leaves (27.23 cm) was observed under the treatment Tg
(60 kg N + 0 kg B), followed by Tio (26.95 cm) and T4
(26.54 cm). Minimum length of leaves (22.32 cm) was
recorded under the treatment T, (control). Length of root in
radish was significantly affected with different treatments.
Maximum length of root (20.58 cm) was observed under
the treatment Tg (40 Kg N + 10 Kg B) followed by T4; and
T1o. Maximum diameter of root (3.83 cm) was observed
under the treatment Tg (40 kg N + 10 Kg B) followed by T+o
and T4. Minimum diameter of root (2.12 cm) was recorded
under treatment T, (Control). Urea and Borex as source of
Nitrogen and Boron, respectively were found most

effective in increasing the root diameter of radish. Average
weight of root per plant of radish was significantly affected
with different treatments. Maximum average weight of root
(117.34 g) was observed under the treatment T14 (60 Kg N
+ 10Kg B). Yield per plot in radish was significantly
affected with different treatments. Maximum yield per plot
in radish (33.42 kg) was noted under the treatment T4 (60
Kg N + 10 Kg B), which was significantly superior over all
other treatments. Highest root yield (430.33 q) was
recorded under Tq; (60 Kg N + 10 Kg B) which was
superior over all other treatments under study. Urea and
Borex were found appropriate source of nitrogenous and
Boron fertilizer, respectively and their combination T4, (60
Kg N + 10 Kg B) emerged as superior over all other
treatments combinations for yield and yield attributing
components of radish. Above findings are in close
agreement with Bosavaraju, et al. (2002), Bodhkhe, et al.
(2010) and Muhammad, et al. (2021) in Radish. Singh, et
al. (1995) also reported that increasing concentrations of
Nitrogen significantly increased the leaf length and size in
Radish. Rawat and Singh (1981) reported improved yield
attribute and growth parameters with recommended dose
of nitrogen in comparison with control in Radish. Nitrogen
is an important ingredient of plant proteins generally
present to the extent of 15 to 17 percent. Nitrogen improve
the absorption of nutrient and respiration process in plant
and activates vegetation. Nitrogen is the main component
of protein and chlorophyll, as the amount of chlorophyll
regulate the synthesis of carbohydrates, increase in the
chlorophyll content naturally, it increases in the production
of carbohydrates (Fawad etal. 2021). The highest dose of
Boron in present investigation (10 Kg) received maximum
yield in combination with Nitrogen (60 Kg). Boron have
significant effect on physiological activities of radish,
which help in improvement in yield parameter. Identical
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Fig.-1 : Effect of different levels of nitrogen and boron on growth parameter of Radish.
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Fig.-2 : Effect of different levels of nitrogen and boron on yield and quality parameter of Radish.

results were reported by KR Maurya and Bineeta Devi
(2016), and Rampal, et al. (2019) in Radish. Maha m.
Othman S.A. El- Moursey (2020) in Sugarbeet.As the
results obtained in present investigation indicate that
Boron have positive response on qualitative characters of
radish viz. Percent dry matter and Ascorbic acid content.
Highest percent dry matter (8.26) was determined with T4
(60 Kg N + 10 Kg B), with significant difference then other
treatments, Minimum percent dry matter (6.10) was
founded in treatment T, (Control). Highest Ascorbic acid
content (21.67 mg) was determined with treatment T, (60
Kg N + 10 Kg B). with significant difference then other
treatments, Minimum ascorbic acid (16.53 mg) was found
in treatment T, (Control) Urea and Borex and their
combination T4 (60 Kg N + 10 Kg B) registered higher total
percent dry matter and Ascorbic acid content then all other
treatment combination. Similar findings were reported by
Yadav and Yadav (2012), Deepika and Pitagi (2015),
Sultana, et al. (2015) and Kother (1963) in Radish. In
comparison of lower level of Boron, Higher rate of Boron

(10Kg) responded positively as it shows in the results.
Highest average weight of radish root (g) recorded with
the application of 10 Kg Boron (T¢s) along with
Recommended Nitrogen. Hence the highest yield per ha
also recorded with the same, However Boron have very
positive impact on quality character of radish. Boron is one
of the essential nutrients for the optimum growth,
development, yield and quality of crops. Boron is mainly
involved in cell wall synthesis and structural integration.
Boron starvation dramatically inhibits root elongation due
to impaired cell division in the Meristem region, whereas
adequate Boron supply promotes advantageous root
development.

Conclusions

On the basis of above finding it can be concluded that best
treatment was Ty with comparatively low input and high
yield favours the use of treatment, followed by T1; which is
high performer in all aspect of growth and yield but more
costly on comparison with second best T,.
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Abstract

India has been one of the major producers of fenugreek and the main producing state is Rajasthan in which area under
fenugreek was 52661 hectare and production was 74670 tonnes (2019-20). The present study was conducted to determine the
cost and returns in cultivation of fenugreek in Bikaner district of Rajasthan. Study based on primary data collected through
different questionnaire. Various cost structures and income measures were used to calculate the return from fenugreek
cultivation. The per hectare cost of cultivation in Fenugreek varied from¥ 27317.91 on small farms to ¥ 32715.50 on large farms
with an overall average of T 29855.18. The various cost worked out i.e. cost A+, cost Az, cost B+, cost Bz, cost C+, cost C2 and
cost Cs to be ¥19021.92, ¥ 19021.92, ¥ 19821.82, ¥ 25921.82, ¥ 23921.82, ¥ 29921.82 and ¥ 32914.00, respectively. Cost of
production fenugreek varied between ¥ 1837.95 per quintal on large farms to ¥ 2053.97 per quintal on small farms with an
overall average of ¥ 1901.62 per quintal. On an average the farm business income, family labour income and net income were
< 50269.74 per hectare, I 43469.85 per hectare and ¥ 39369.85 per hectare, respectively.

Key words : Fenugreek cost of cultivation, returns, family labour income, net income.

Introduction

India is one of the leading countries in the world with
respect to area, production and export of different seed
spice. Fenugreek commonly known as ‘methi’ is cultivated
throughout India and other parts of the world for leafy
vegetable, medicinal purposes and for fodder also.
Fenugreek is considered to be native of south east Europe
and west Asia. India has been one of the major producers
of fenugreek and the main producing state is Rajasthan in
which area under fenugreek was 81699 hectare and
production was 84186 tonnes (2014-15). In India, the
major fenugreek producing states are Rajasthan, Madhya
Pradesh, Tamilnadu, Punjab, Gujarat, and Utter Pradesh.
Rajasthan is considered as ‘fenugreek bowl’. Rajasthan
contributing about 80% area and production of the
country. In Rajasthan major fenugreek producing districts
are Sikar, Bikaner, Jhunjhunu, Jodhpur, Nagour, Churu,
Pratapgarh. Rajasthan and Gujarat are also known as
Seed Spices Bowl and contributes more than 80% of total
seed spices production in India. Fenugreek is being
quoted at 1.59 USD per kilogram in the international
market. But prices may fall when new arrivals gather pace.
Fenugrrek also has medicinal properties. With above
importance present study was conducted with the
objective to study the cost and returns in cultivation of
fenugreek in Bikaner district of Rajasthan.

Materials and Methods

Sampling Framework : Multi-stage random sampling

was used for the selection of the farmers for the present
study. The sampling in the first three stages was
purposively while; the selection of farmers was randomly.
The fenugreek crop was selected purposively for the
present study. Bikaner district having first place in area
under selected crop hence Bikaner district was selected
purposively.

The Bikaner tehsil was purposively selected on the
basis of highest average area (2875 hectares) and
production (2364 tonnes). There are 125 total villages in
Bikaner tahsils but 18 villages were identified as the major
fenugreek producing villages and two villages Kolasar
and Lalamdesar with highest area under fenugreek crop
were purposively selected for the study. For the collection
of primary data a sample of 50 farmers (small-24,
medium-16and large-10) were selected with probability
proportion to number of farmers available in different land
size groups.

Analytical techniques : The cost of production was
worked out by using following formula :

Cost of Cultivation / ha
Quantity of main product / ha

Cost of Production =

Income measures : Following income measures were
used to fulfil the second objective ie. to work out
profitability of fenugreek cultivation in study area.

Gross income : Value of output (both main and by
product) workout at harvest prices in the study period.
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Table-1 : Resource use pattern in fenugreek cultivation on different land size groups. (Per hectare)

S. No. Input Size of holdings Overall
Small Medium Large Average
1. Machine labour (hrs) 8.30 8.65 8.95 8.63
2. Human labour (hrs) 184 208 256 216
(a) Causal hired Labour (hrs) 40 96 184 106.67
(b) Family Labour (hrs) 144 112 72 109.33
3.  Seed (kg/ha.) 21 22 25 22.67
(a) Seed treatment (Rhizobium culture gm./kg seed) 5.82 6.14 7.52 6.49
4. Fertilizers
(a) Urea (Kg.) 72.30 75.90 77.40 75.20
(b) DAP (Kg.) 85.40 86.80 88.20 86.20
5. FYM (Tonnes) 15.10 17.85 19.13 17.36
6. Weedicide (Pendamathiline @ lit/ha.) spray 1 1.2 1.5 1.23
7. Irrigation No. (By Tubewell) 4 4 5 4.33
8. Plantprotectionchemical (Sulphur dust @ kg/ha.) 19 22 25 22
Table-2 : Breakup of cost of cultivation of fenugreek (X per hectare).
Input Size of holdings
Small Medium Large Overall average

Machine labour

Causally hired labour
Imputedvalue of family labour
Value of seed

FYM

Fertilizers (a) Urea

(b) DAP

Weedicide

Plant Protection chemicals
Irrigation charges
Depreciation

Land revenue

Interest on working capital
Interest on fixed capital
Rental value

Total

4150 (15.19%)
1500 (5.49%)
5400 (19.77%)
1260 (4.61%)
2265 (8.29%)
399.10 (1.46%)

1964.20 (7.19%)
450 (1.65%)
1425 (5.21%)
720 (2.64%)
527.50 (1.93%)

50 (0.18%)
586 (2.15%)

621.11 (2.27%)

6000 (21.96%)

27317.91 (100%)

4325 (14.64%)
3600 (12.19%)
4200 (14.22%)
1320 (4.47%)

2677.50 (9.07%)

418.97 (1.42%)

1996.40 (6.76%)

540 (1.83%)

1650 (5.59%)
720 (2.44%)
667.10 (2.26%)

50 (0.17%)
643.43 (2.18%)
723.74 (2.45%)
6000 (20.32%)

29532.14 (100%)

4465 (13.65%)
6900 (21.09%)
2700 (8.25%)
1500 (4.58%)
2869.5 (8.77%)
427.25 (1.31%)

2028.60 (6.20%)
675 (2.06%)
1875 (5.73%)
900 (2.75%)
756.30 (2.26%)

50 (0.15%)

714.01 (2.18%)
854.84 (2.61%)
6000 (18.34%)

32715.50 (100%)

4313.33 (14.44%)
4000 (13.40%)
4100 (13.73%)
1360 (4.56%)
2604 (8.72%)
41511 (1.39%)

1996.40 (6.68%)
555 (1.86%)
1650 (5.53%)
780 (2.61%)
650.30 (2.18%)

50 (0.17%)
647.81 (2.17%)
733.23 (2.46%)
6000 (20.10%)

29855.18 (100%)

Gl =Qm x Pm + Qb x Pb

Where, Gl = Gross Income in Rupees Qm = Quantity of
main product Pm = Price of main product Qb = Quantity of
by product Pb = Price of product

1. Farm Business income: Gross income — Cost A1
(cost A2 in case of tenant operated land)

2. Family labour income: Gross income — Cost B2
3. Net income: Gross income — Cost C2

4. Return to Management = Gross income — Cost
C3
5. Returns per rupee of investment
_ Gross Income (G.l.)/ ha
Total Cost (Cost C2) / ha

Purchase price of assets — Junk value

Depreciation = s -
No. of Years of useful life (expected life)

Results and Discussion

Cost structure and profitability in cultivation of
fenugreek : The cost of cultivation/production and the
decision on returns to different factors of production helps
in decision making about the selection of an enterprise
and hence these measure were worked out for fenugreek.

Resource use pattern in cultivation of fenugreek :
Inputs usage and the adoption of various cultural practices
in the cultivation of fenugreek among the sample farms in
Bikaner area had presented in the Table-1. Fenugreek is
grown in the month of October- November and harvested
in March-April of the year. On an average, single
preparatory tillage operation (8.63 hrs) was done to
prepare the fields with the help of tractor. Seed sowing
was done in the last week of October to first week of
November. The seed rate of 21, 22 and 25 kg/hectare was
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Table-5 : Gross income from of fenugreek cultivation on different farm size groups.

Farm size groups Yield (qtl./ha) Price/qtl. (3) Income () Gross income
Main product By product Main product By product Main product By product

Small 13.30 9.70 4200 250 55860 2425 58285.00

Medium 16.40 11.30 4200 250 68880 2825 71705.00

Large 17.80 12.50 4200 250 74760 3125 77885.00

Overall average 15.83 11.17 4200 250 66500 2791.67 69291.67

Table-6 : Returns from cultivation of fenugreek on sample farms (I/ha)

Particulars Size holdings Overall Average
Small Medium Large
Gross income 58285.00 71705.00 77885.00 69291.67
Farm business Income 42988.30 53096.59 54724.34 50269.74
Family labour income 36367.19 46172.85 47869.50 43469.85
Net income 30967.19 41972.85 45169.5 39369.85
Returns to Mgt. 28235.41 38999.64 41897.5 36377.52

used by small, medium and large farmers respectively.
The average quantity of seed used was 22.67 kg per
hectare by the sample farms. The average quantity of
chemical (Rhizobium culture) used for Seed treatment
was 6.49 gm per kg seed. The average quantity of FYM
used was 17.36 tonnes per hectare. on an overall basis,
75.20kg Urea and 86.80kg DAP was used by sample
farmers in one hectare cultivation of fenugreek crop. 1.23
litter/hectare  pendimethalin  weedicide spray and
simultaneously weeding control was also performed
manually. On an average, 4.33 times irrigations were
given to the fenugreek crop.

Breakup of cost of cultivation : Various costs incurred in
the cultivation of fenugreek are presented in Table-2. On
an average, the total cost per hectare of fenugreek
cultivation was estimated ¥ 29855.18. It was ¥ 27317.91
on small, ¥ 29532.14 on medium and ¥ 32715.50 on large.
Value of machine labour was the important component
among variable cost of fenugreek and it was estimated as
15.19%, 14.64% and 13.65% of total cost by small,
medium and large farmers. Imputed value of family labour
was the second most important component of the cost in
all the categories. Out of the total cost, it accounted for
18.73 per cent. It was 19.77 per cent on small farm, 14.22
per cent on medium farms and 8.25 per cent on large
farms. Causally hired labour was the next most important
component in all the categories. It accounted for 13.40 per
cent of total cost. It was 5.49 percent on small farm, 12.19
per cent on medium farms and 21.09 per cent on large
farms. Thus both causally hired labour and family labour
together contributed about 27 per cent cost share among
all the cost components.

The next important cost among fixed components

were rental value of owned land and machine labour. The
share of these two costs was about 20 and 14 per cent in
total cost incurred in cultivation of fenugreek. Chemical
fertilizers and farm yard manures were also played the
important role in cost components about 8 per cent
contribution was recorded of these two components.
Seed and plant protection materials contributed about 5
per cent share in cost components.

Cost structure : Using different cost concepts, it is
possible to find out different types of income measures.
The comparative estimates of different costs incurred in
fenugreek cultivation for different size groups were
explained in table-4. The table reveals that all cost
increased with the size of the holdings. cost A, on an
overall basis, was ¥ 19021.92. It increased with the
increase in size of holding because of better resource
endowment and higher use of casually labour on medium
and large farms. Cost A, was same as costs A; because
no farmer had leased-in land. Cost By and B, were worked
out to be ¥ 19821.82 and I 25921.82, respectively. The
costs Cq and Cy, on overall basis, were worked out to be ¥
23921.82 and ¥ 29921.81, respectively. Cost Cs, which
includes managerial cost, was worked out to be ¥ 32914
per hectare.

Cost of production : The cost of production per quintal
on different cost concepts basis are given in Table-4.

It is evident from the table that the overall cost of
production per quintal of fenugreek was ¥ 1901.62 on cost
C, basis. The cost of production per quintal was highest
on small farms i.e. ¥ 2053.97 followed by large and
medium farmer ie. ¥ 183795 and ¥ 1812.94,
respectively. It was due to intensive use of resources by
small farmers and good management.
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Productivity and Profitability of the fenugreek
cultivation

Productivity of fenugreek The productivity of
fenugreek and gross returns on sample farms are given in
Table-5.

The table reveals that on an overall basis, yield of
fenugreek was 15.83 quintal per hectare. The yield was
highest (17.80 quintals) on large farms, followed by
medium farms (16.40 quintals) and small farms (13.30
quintals) which indicated that as the size of holding
increased, the yield of fenugreek also increased. The
gross returns also increased with increased in the size of
holding. Average income of fenugreek was found to be
2791.67 Rs/qtl.

Income measures : A comparison of incomes received
by various size groups of farmers is shown in Table-6.

It is evident from the table that overall average gross
income per hectare of fenugreek cultivation was
69291.67 on sample farms. It was ¥ 58285.00, ¥
71705.00 and ¥ 77885.00 on small, medium and large
farms, respectively. It increased with the increase in size
of land holding mainly because of better use of inputs on
medium and large farms. On an average the farm
business income from fenugreek -cultivation was X
50269.74 it varied between from ¥ 42988.30 on small
farms to ¥ 54724.34 on large farms. It increased with
increase in size of holding. On an overall basis, family
labour income was worked out to be ¥ 43469.85 per
hectare. The family labour income per hectare too
increased with the increase in size of holding. The overall
net income for fenugreek cultivation was I 39369.85 per
hectare. It varied between ¥ 30967.19 per hectare on
small farms to ¥ 45169.50 per hectare on large farms. The
net income also increased with the increase in size of
holding. The average returns over to management was
worked ¥ 36377.52. It also increased with income the
farm size.

Conclusions

Among all farmers family labour used was found highest in
small farmers and casual labour for large farmers. Cost of
cultivation decreased with increased area of holding
(average of 29855.18 Rs per hectare). The yield was
highest (17.80 quintals) on large farms, followed by
medium farms (16.40 quintals) and small farms (13.30
quintals). The gross returns also increased with increased

in the size of holding. Average income of fenugreek was
found to be 2791.67 Rs/qtl (58285 Rs/ha for small
farmers, 71705.00 Rs/ha for medium farmers and
77885.00 Rs/ha for large farmers). On an average, the
returns on per rupee of investment on cost A4, Az, B4, By,
C4,Coand C; wereX 3.67, 7 3.67,3 3.562,72.68,32.89,%
2.31 and T 2.10, respectively. The return per rupee of
investment on medium farms on cost C; basis was ? 2.19
followed by large farms (X 2.16) and small farms (¥ 1.94).
Cultivation of fenugreek crop has been a profitable
proportion in the study area. On an average the farm
business income, family labour income and net income
were ¥ 50269.74 per hectare, ¥ 43469.85 per hectare and
% 39369.85 per hectare, respectively.
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Abstract

A reconnaissance soil survey of district Bulandshahr was carried out to determine the physical conditions and current status of
the available nutrients. Surface soil samples of the study area were collected to characterize their chemical properties and
accordingly to develop optimum land use plan to realize maximum agricultural productivity. The pH and Electrical conductivity
of the soils ranged from 7.0-8.5 and 0.07-0.69 dsm-! with a mean value 7.8 and 0.20 dsm- respectively. As per soil nutrient
index (SNI), the soil of study area were found in medium category of organic carbon, low category of available nitrogen and
medium category in available zinc, respectively, indicating that the soil of Bulandshahr are normal to slightly alkaline without

any salt accumulation and well suit for cereal crop cultivation.

Introduction

Soil is one of the most important natural resources of a
country. Knowledge about its characteristics is essential
for developing optimum land use plan for maximize
agriculture production. Soils differ greatly in their physical,
chemical, mineralogical and biological characteristics.
Since these characters control the response of soil to
management practices, it is essential to have information
about these characters of each soil. The knowledge about
the essential nutrients and their distribution in the root
zone is important. The essential nutrients usually applied
through chemical fertilizers, nitrogen seems to have the
quickest and most pronounced effect thus nitrogen is
considered as an important nutrient element that should
not only be converted but carefully regulated. Most of
Thes nitrogen in the soil is associated with organic matter.
In this form it is protected from rapid microbial release.
Only 2 to 3% nitrogen is mineralized annually under
normal condition. Assessment of soil quality generally
consist Physico-chemical properties and their interaction
with one another. Variation in nutrient supply is a natural
phenomenon and some where it may be sufficient while
some where deficient. Within a soil, variability may exist
depending upon the hydrological properties of the soail.
Therefore, some locations will require different
management practices to sustain crop productivity and for
this full information about the nutrients status is important.
Deficiency of essential plant nutrients to different extent in
soils of Muzaffarnagar had been reported by Sharma et al.
(2003). Deficiencies of many plant nutrients are emerging
fastly in intensively cultivated sandy alkaline soils of
Haryana (Narwal, 2006). Pramod Kumar et al. (2013) also
reported that the soil of Muzaffarnagar district were
neutral to strongly alkaline in nature and low in nutrient

status. Since the quality of produce is significantly
influenced by the nutrient supplying capacity of soils
coincidently with time crops and their economic product
become significantly suboptimal. Therefor to sound
information about the nutrient status of this area
(Bulandshahr), study was undertaken.

Materials and Methods

A reconnaissance soil survey carried out in the month of
September and October 2020. Soil samples were collected
from ten locations (Anupshahr, Narora, Shikarpur, Khurja,
Shikandrabad, Gulaothi, B.B.Nagar, Siyana, Lakhaoti and
Unchagaon) of Bulandshahr district under different
Cropping pattern.1250 surface (0-15 cm depth) soil
samples from every location were collected with the help
of spud and stored in polythene bags. Collected soil
samples were air dried in shade, crushed gently with a
wooden hammer and then pass through 2.0 mm sieve to
obtain a uniform representative sample. Samples were
properly labeled and stored in polythene bags for analysis.
The processed soil samples were analyzed by standard
methods for pH and electrical conductivity (1:2 soil water
suspensions), organic matter (Walkley and Black, 1934,
outlined by Jackson1973), available nitrogen (Subbiah
and Asija, 1956) and available zinc in soil samples with
extracted with a Diethylene triamine pentaacetate (DTPA)
solution (0.005 M) DTPA + 0.01 M CaCl2+ 0.1 M
triethanolamine, pH 7.3 as outlined by Lindsay and Norvell
(1978). The concentration of micronutrients was
determined by atomic absorption spectrophotometer
(GBC Avanta PM). The nutrient index was calculated
according to the procedure of Mosara et. al. (1982). The
study area falls in Bulandshahr district of Western Uttar
Pradesh, between two great rivers Ganga and Yamuna
old and recent alluvium plain.
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Table-1 : Location wise pH & Electrical Conductivity of the soil of Bulandshahr District.
S.No. Location pH Electrical Conduct. (dsm™)

Range Mean Range Mean

1. Anupshahr 7.1-7.8 7.2 0.11-0.18 0.15
2. Narora 7.0-8.3 7.3 0.17-0.21 0.18
3. Shikarpur 7.0-7.6 7.5 0.30-0.32 0.30
4. Khurja 7.8-8.4 8.2 0.10-0.69 0.41
5. Sikandrabad 8.0-8.5 8.1 0.26-0.41 0.29
6. Gulaothi 7.4-3.3 8.2 0.02-0.33 0.18
7. B.B.Nagar 7.3-7.6 7.4 0.11-0.17 0.13

8. Siyana 7.2-8.2 8.2 0.07-0.22 0.13
9. Lakhaoti 7.1-75 7.2 0.09-0.16 0.12
10. Unchagaon 7.2-7.6 7.4 0.09-0.19 0.14
All Over Location 7.0-8.5 7.8 0.07-0.69 0.20

Table-2 : Location wise nutrient status of the soil of Bulandshahr District.

Sl Location Total Organic carbon Available Nitrogen Available Zinc

No. s:r‘; p?;s Low % Med. % High % Low % Med. % High % Low % Med. % High %

1. Anupshahr 125 52.00 24.00 2400 48.00 40.00 1200 60.00 32.00  08.00

2. Narora 128 50.00 25.00 2500 50.00 3214 17.85 50.00  50.00 -

3. Shikarpur 131 67.74  32.25 6129  38.70 - 3225 58.06  09.67

4. Khurja 123 69.56 17.39  13.04 5652 26.08 17.39 69.56  30.43 -

5.  Sikandrabad 113 4615 3846 1538 3846 4615 1538 61.53  38.46 -

6.  Gulaothi 119 7894  21.05 - 5263 47.36 1052 3157  57.89

7. B.B.Nagar 122 50.00 3333 1666 6250 25.00 1250 2916 5416  16.66

8.  Siyana 133 1212  39.39 4848 4848 2121  30.30 - 30.30  69.69

9.  Lakhaoti 130 3333 66.66 0666 53.33 40.00 06.66 40.00 46.66  13.33

10.  Unchagaon 124 2500 50.00 2500 50.00  50.00 - - 50.00  50.00
All Over Location 1250 5053 31.95 1742 4685 3722 1594 3530 4216 2252

Results and Discussion

Location wise present distribution, nutrient index value
and fertility status of the soil of district Bulandshahr are
presented in table No.-One, Two and Three, with rang and
mean value of the pH and Electrical conductivity. The pH
and Electrical conductivity in the overall location ranged
7.0 - 8.5 and 0.07 - 0.69 dsm™ with a mean value 7.8 and
0.20 dsm™. Similar result was also reported by Sharma
et.al. (2008).

The table No.-3 shows that the nutrient index value
of the organic carbon in overall location was calculated to
1.73 which fall under medium category of the fertility
status. About 50.53%, 31.75% and 17.42% soil samples
of overall location of Bulandshahr were found in low,
medium and high category respectively, in organic carbon
content and thus the soil of this district required judicious
nitrogen fertilizer for sustainability of cereal crops.

The available nitrogen nutrient index ranged from
1.47-1.81 with a mean value 1.58 in the whole areas,
indicating the low fertility status. The percentage

distribution about 46.85%, 37.22% and 15.94%, soll
samples were found in low, medium and high category
respectively. Thus, the soil of this areas are deficient in
available nitrogen content and also required judicious
application in the farmer’s field.

The soil of Bulandshahr district, were mostly medium
in available zinc. The table-2 and 3 shows the nutrient
index value of the available zinc in overall location were
calculated 1.68 which falls under medium category of the
fertility status. About 35.30%, 42.16% and 22.52% soil
samples of overall area were found in low, medium and
high category respectively.

Conclusions

The chemical composition of the soil of Bulandshahr did
not follow a particular pattern with increasing distance
from location-to-location, which may be due to variation in
management practices, cropping sequence and their yield
potential. Study area was dominated by sugarcane, rice,
wheat and fodder crops. About sixty to eighty percent area
is under sugar cane. Physico-chemical characteristics and
nutrient status of soil in Bulandshahr district of U.P. as
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Table No.-3 : Nutrient Index value and fertility status of the soil of Bulandshahr District.

S. No. Location Organic carbon Available Nitrogen Available Zinc
Nutrient Index Fertility Status Nutrient Index Fertility Status Nutrient Index Fertility Status
1. Anupshahr 1.48 Low 1.64 Low 1.48 Low
2. Narora 1.58 Low 1.67 Medium 1.00 Low
3. Shikarpur 1.32 Low 1.38 Low 2.09 Medium
4. Khurja 1.43 Low 1.60 Low 1.30 Low
5. Sikandrabad 1.69 Medium 1.76 Medium 1.38 Low
6. Gulaothi 1.21 Low 1.47 Low 2.47 High
7. B.B.Nagar 1.66 Low 1.50 Low 1.87 Medium
8. Siyana 2.36 High 1.81 Medium 2.00 Medium
9. Lakhaoti 2.66 High 1.58 Low 1.73 Medium
10. Unchagaon 2.00 Medium 1.50 Low 1.50 Low
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Abstract

The common use of the name Capnodium citrito represent several species of sooty mold fungi is reviewed. Analysis of sooty
mold specimens found from Citrus in Chhindwara District of Madhya Pradesh. It is recommended that use of the
name Capnodium citri for sooty mold on Citrus and horticulture plants is to be avoided because of its use for a number of
species and on nomenclatural grounds. Under in-vivo conditions, among the fungicides viz. Copper Oxychloride, Carbendazim,
Mancozeb, Carbendazim + Mancozeb and Chlorothalonil were found significant effect on reducing the sooty mold incidence but
Carbendazim was recorded minimum diseases incidence and maximum orange yield.

Key words : Citrus, Incidence, Capnodium citri, Management strategies, tolerable extent.

Introduction

Sooty mold is a fungal disease that grows on plants and
other surfaces covered by honeydew, a sticky substance
created by certain insects. Sooty mold’s name comes from
the dark threadlike growth (mycelium) of the fungi
resembling a layer of soot. Sooty mold doesn’t infect
plants but grows on plant parts and other surfaces where
honeydew deposits accumulate Ashok Kumar Meena et.al
(2018).

Although sooty mold doesn’t infect plants, the mold
can indirectly damage the plant by coating the leaves to
the point that sunlight can’t reach the leaf surface. Biswas
K.K et. al (2016) Without adequate sunlight, the plant’s
ability to carry on photosynthesis is reduced, which can
stunt plant growth. Coated leaves also might prematurely
age and die, causing premature leaf drop. Fruits or
vegetables that become covered with sooty mold are still
edible. Wash off the mold with mild soap and warm water.

Fungi that most commonly cause sooty mold on
Nagpur Mandarin plants are in the genera Capnodium
Citri Chomnunti et al. 2012. The species of sooty
mold-causing fungi present are determined by a
combination of the environment, host, and insect species
present. Some sooty mold species are specific to
particular plants or insects, while other mold species
might colonize many types of surfaces and use honeydew
produced by several kinds of insects.

Timmer, LW and SE Zitiko (1992) Honeydew is a
sweet, sticky liquid that plant-sucking insects excrete
while they feed on sap from a plant. Because the insect
can’t completely digest all the nutrients they take in from
this large volume of fluid, it assimilates what it needs and

excretes the rest as waste (honeydew). Wherever
honeydew lands—Ileaves twigs, fruit, yard furniture,
concrete, sidewalks, parking lots, cars—sooty mold can
grow.

Materials and Methods

Infected plant materials were initially examined visually
using stereomicroscope for mycelia appearance and
development. Fungal structures were mounted in 50%
lactic acid and examined using a BH, Olympus light
microscope equipped with a Sony digital Camera
(DSCHXT1). Measurements were taken in lactic acid (50%)
mounts, based on at least 25-30 conidiophores, conidia,
etc. Morphological characters of fungal structures
including hyphal type, conidia and conidiomata, ascoma,
asci and ascospores, when and if present were studied
Reynolds and Gilbert (2005, 2006).

Fungicide solutions were prepared separately by
taking requisite amount of fungicides for each dose. The
fungicides were sprayed at 30 days interval by sprayer.
The sprays with test fungicides at given concentration
were taken with the help of sprayer. The spray pump
wash flushed thoroughly with clean water every time
before spraying next fungicide. Utmost care was taken to
avoid spray drift from one treatment to another.

Assessment of disease incidence and severity was
calculated using the following formula described in
experiment

Percent disease reduction (PDR) was calculated
using the formula of Rai and Mamatha (2005) as :

% disease reduction (PDR) = PCl in control-PDI in treatment <100

PDI in control
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Table-1 : Effect of fungicidal sprays on the sooty mold incidence of Nagpur Mandarin Season 12019-20 & Season 11 2020-21.

Treatments Conc. Percent Disease Index (PDI)
(%) Pre-spray 10 days after 10 days 10 days
observations 1st Spray after 2nd Spray after 3rd Spray
Season Season Season Season Season Season Season Season
| Il | Il | Il | Il
2019-20  2020-21 2019-20  2020-21 2019-20  2020-21 2019-20  2020-21
T: Carbendazim 0.25 4.20 4.81 8.02 7.16 10.62 10.25 13.58 12.35
(11.78)  (12.63) (16.45) (15.5) (18.96) (18.64) (21.59) (20.54)
T, Mancozeb 0.10 3.83 4.20 4.20 5.68 6.42 7.78 10.37 9.75
(11.24) (11.78) (11.81) (13.79) (14.61) (16.19) (18.76) (18.19)
Ts;  Copper oxychloride 0.25 4.07 4.32 3.46 5.06 4.94 6.79 8.15 7.90
(11.61) (11.91) (10.69) (12.95) (12.83) (15.06) (16.56) (16.27)
T, Carbendazim+Mancozeb 0.20 3.83 3.95 8.77 7.90 10.74 11.36 14.94 13.95
(11.2) (11.37) (17.21) (16.32) (19.03) (19.65) (22.72) (21.92)
Ts  Chlorothalonil 0.20 3.21 3.70 6.42 6.17 7.53 8.89 11.73 11.23
(10.29) (11.04) (14.67) (14.33) (15.83) (17.34) (20.02) (19.58)
Ts  Metalaxyl + Mancozeb 0.20 3.95 4.57 7.41 6.91 9.88 9.63 12.10 12.22
(11.46) (12.31) (15.77) (15.21) (18.32) (18.05) (20.32) (20.43)
T,  Control - 3.58 4.44 13.83 12.96 22.22 20.25 37.28 27.16
(10.89) (12.16) (21.81) (21.09) (28.12) (26.73) (37.62) (31.4)
SEmz+ (0.54) (0.53) (0.93) (0.85)
CD at 5% (NS) 1.63 2.85 2.61

Figures in the parentheses represent arcsine transformed values; PDI: Percent disease index

Observation will be recorded at 15 days interval
starting from 15 days and Number of leaves with sooty
mould growth will be recorded.

Results and Discussion

Six fungicides were evaluated in-vivo condition through
two foliar applications at 10 days interval in field condition.
The data on the incidence of sooty mold after fungicides
sprays indicated that (Table 01) all the treatments showed
reduction in sooty mold incidence over control and
indicate that, the per cent sooty mold control over the
control. Ghosh, D.K et. al (2003).

Yesmin K. et al. (2017) Management of sooty mold
fungi with fungicides in-vivo condition in year 2019-20
First observation the treatment T3, Copper oxychloride
has the lowest mean of sooty mold incidence of (3.46 %)
followed by the treatment T,, Mancozeb of (4.20 %). The
sooty mold incidence ranged from 3.46 to 8.77 percent
inrespect of other treatments. The percentage of sooty
mold control in treatment Tsand T, was found to be 74.98
and 69.63 per cent respectively. The per cent of sooty
mold control ranged from 36.58 to 74.98 percent in
respect of other treatments. And year 2020-21 The
treatment T3, Copper oxychloride has the lowest mean of
sooty mold incidence of (5.06%) followed by the treatment
T,, Mancozeb of (5.68 %). The sooty mold incidence
ranged from 5.06 to 7.16 percent inrespect of other
treatments. The percentage of sooty mold control in
treatment Tzand T, was found to be 60.95 and 56.17 per
cent respectively. The per cent of sooty mold control

ranged from 39.04 to 60.95 percent in respect of other
treatments.

2" observation in year 2019-20 The treatment Tj,
Copper oxychloride has the lowest mean of sooty mold
incidence of (4.94 %) followed by the treatment T,,
Mancozeb of (6.42 %). The sooty mold incidence ranged
from 4.94 to 10.74 percent inrespect of other treatments.
The percentage of sooty mold control in treatment Tzand
T, was found to be 77.76 and 71.10 per cent respectively.
The per cent of sooty mold control ranged from 51.66 to
77.76 percent in respect of other treatments. In year
2020-21 the treatment T3, Copper oxychloride has the
lowest mean of sooty mold incidence of (6.79 %) followed
by the treatment T,, Mancozeb of (7.78 %). The sooty
mold incidence ranged from 6.79 to 11.36 percent
inrespect of other treatments. The percentage of sooty
mold control in treatment Tzand T, was found to be 66.46
and 61.58 per cent respectively. The per cent ofsooty
mold control ranged from 43.90 to 56.09 percent in
respect of other treatments.

3 observation in year 2019-20 the treatment Tj,
Copper oxychloride has the lowest mean of sooty mold
incidence of (8.15 %) followed by the treatment T,
Mancozeb of (10.37 %). The sooty mold incidence ranged
from 8.15 to 14.94 percent inrespect of other treatments.
The percentage of sooty mold control in treatment Tsand
T, was found to be 78.13 and 72.18 per cent respectively.
The per cent ofsooty mold control ranged from 59.92 to
78.13 percent in respect of other treatments. In year
2020-21 the treatment T, Copper oxychloride has the
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lowest mean of sooty moldincidence of (7.90 %) followed
by the treatment T,, Mancozeb of (9.75 %). The sooty
mold incidence ranged from 7.90 to 13.95 percent
inrespect of other treatments. The percentage of sooty
mold control in treatment Tsand T, was found to be 70.91
and 64.10 per cent respectively. The per cent of sooty
mold control ranged from 48.63 to 70.91 percent in
respect of other treatments.

Conclusions

Nagpur mandarin (Citrus reticulate Blanco) is an important
fruit crop grown commercially in different agro-climatic
conditions for lts diversified use in Madhya Pradesh. it
occupies an important place in the horticulture wealth an
economy of the State it is the most common among citrus
fruit grown in Chhindwara district, Madhya Pradesh and Is
occupying premier position among Indian mandarins. It is
susceptible to a number of fungal. Bacterial, viral and
nematode pathogens. Insect causing decline and fruit
drop losses to the crop In the present Investigation
Capnodium citri declined citrus trees were recorded.

Under in-vivo conditions, among the fungicides viz.
Copper  Oxychloride,  Carbendazim, Mancozeb,
Carbendazim + Mancozeb and Chlorothalonil were found
significant effect on reducing the sooty mold incidence but
Carbendazim was recorded minimum diseases incidence
and maximum orange Yyield.
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Abstract

Mango the most important fruit of our nation is highly vulnerable to climatic changes. Studies on changes in climatic conditions
have got great relevance now a day. Such studies are useful for knowing the flowering of mango under various climatic
conditions. Many introduced varieties and hybrids are susceptible to change in climatic condition but some traditional are
performing well and give good yield even under changed climatic situations. A study was conducted at the Farming Systems
Research Station, Sadanandapuram, Kerala Agricultural University with an aim of finding out and evaluating ,climate
smart table purpose traditional mango varieties from Southern parts of Kerala. Twenty eight table purpose traditional
mangoes were identified during the study. Fruit weight of the selected mangoes varied from 150 g to 457 g, fruit length varied
from 7.5 cm to 12.13 cm, fruit width varied from 6.0 cm to 9.5 cm), fruit diameter 33.00 was highest in KLM-17and TVM-2, fruit
volume varied from 158 cc to 440.00 cc. ), pulp peel ratio was highest 11.33 in TVM-5 and lowest 4.61in TVM-2. Pulp stone
ratio was highest in TVM -5 (10.03) and lowest in TVM -7 (3.70). Fruit weight was highest (457.0 g ) in KLM-27, number of fruits
per tree varies from 198.0 (KLM-23) to 810.0 (TVM-1), yield per tree varies was highest (319.0 kg) in PTA-3. Highest TSS
value of 24.00 Brix was reported from TVM-4 and  acidity varied from 0.317 % (KLM-19 and ALA-6) to 2.080 % (TVM-6).
Carotenoid content was highestin TVM-2 (6.78 mg 100 g-') (KLM-25), ascorbic acid varied from 9.27 mg 100 g (KLM-17 and

ALA-12) to 24.0 mg 100 g' (KLM-18), total sugar content was highest (14.01 % ) in (TVM-7).

Key Words : Climate smart, traditional mango, biodiversity conservation , table purpose mangoes.

Introduction

Climate change is becoming an observed reality, very
likely due to the increase of anthropogenic greenhouse
gas concentration. Climate change is therefore a great
concern for agriculture. Mango is one of the most widely
cultivated and popular fruits in these regions for its
economic and nutritional values. It is the fifth most
cultivated fruit in the world. It is consequently justified to
wonder about the impact of climate change on the mango
tree and about the consequences on mango production
and cultivation [2]. Although mango tree is adapted to dry
environments experiencing water stress andhigh
evaporative demand, the expected increase of drought
and vapour pressure deficit (VPD) would have a negative
effect on photosynthesis because of the rapid stomatal
closure of the mango tree when the climatic demand
increases. Flooding is expected to increase in regions with
more intense and frequent rainfalls, and to decrease in
regions becoming drier. In both cases, the effect on
mango photosynthesis will probably be negative. Mango
is moderately flood-tolerant and flooding leads to a rapid
decrease of transpiration, stomatal conductance and
maximal photosynthetic assimilation[4].

Increasing temperatures would have a negative
effect on floral induction. But in regions with particularly
cool temperature during flowering, increasing

temperatures would have a positive effect on pollen
viability and fruit set [7]. Temperature also has a negative
effect on inflorescence size and on the number of flowers
per inflorescence [1]. Floral induction also requires the
exposure of mature leaves to light, and higher levels of
light intensity could have a positive effect on mango
flowering. Drought and higher VPD would have a negative
effect on fruit set and retention [6]. Drought could also
have an indirect positive effect on floral induction by
promoting early growth cessation and vegetative rest
required for floral induction.

Mango is one of the most popular fruit crop of Kerala.
Mango’s flowering and fruit set are highly dependent on
climatic conditions prevailing in that area. Recently
climate hange studies have become increasingly
important for understanding the flowering of mango under
different climatic conditions [3]. Air temperature and
rainfall influence vegetative and penological phases in
mango and are two of the most important factors
determining suitability of an area’s climate for mango
production. Varietal responses to the environment within
and between mango cultivars account for their relative
performance at different locations [5]. In conclusion, this
overview of the effects of climatic factors on key
processes of mango production illustrates the difficulty to
draw from the current knowledge clear conclusions on the
future effects of climate change on mango production and
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Table-1 : Fruit characters of Table purpose traditional mangoes.
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Acc no. Fruit Weight Fruit Length  Fruit width  Fruit diameter Fruit volume Pulp weight Peel weight
(@) (cm) (cm) (cm) (cc) (@ (@
KLM 16 420.00 11.00 8.90 29.60 412.00 318.00 30.67
KLM 17 340.00 9.00 8.00 33.00 345.00 242.00 51.00
KLM 18 380.00 11.00 9.17 26.30 385.33 291.67 46.00
KLM 19 429.00 11.00 9.40 25.33 416.00 355.00 33.00
KLM 20 400.00 9.80 9.00 27.50 386.00 353.07 31.00
KLM 21 372.00 11.00 8.50 28.00 258.00 298.00 49.00
KLM 22 150.00 7.50 6.00 27.00 158.00 82.00 15.00
KLM 23 361.00 12.13 9.07 25.63 351.00 271.00 44.00
KLM 25 338.00 11.00 8.20 20.10 350.00 240.00 59.00
KLM 27 457.00 11.50 12.00 28.00 440.00 314.00 40.00
KLM 28 400.67 11.50 9.50 28.10 420.00 289.00 51.00
KLM 29 253.33 9.53 10.00 25.00 250.00 186.00 30.00
KLM 30 295.00 11.20 9.00 24.00 309.00 223.00 36.00
PTA 3 202.00 9.50 8.00 20.67 233.33 125.00 30.00
ALA 6 271.00 9.20 8.00 24.00 260.000 205.00 35.00
ALA 7 218.00 10.00 7.80 22.00 230.00 180.00 30.00
ALA 8 219.00 9.00 9.10 21.00 225.00 168.00 31.00
ALA 9 231.33 10.00 9.00 21.00 234.00 165.00 37.00
ALA10 251.00 9.20 9.50 20.67 249.00 139.00 21.00
ALA 11 173.00 7.50 8.40 19.00 170.00 130.00 25.00
ALA 12 184.00 8.50 9.00 22.67 186.00 126.00 30.00
TVM 1 420.00 11.00 8.90 29.60 412.00 318.00 30.67
TVM 2 340.00 9.00 8.00 33.00 345.00 242.00 51.00
TVM 3 380.00 11.00 9.17 26.30 385.33 291.67 46.00
TVM 4 429.00 11.00 9.40 25.33 416.00 355.00 33.00
TVM 5 400.00 9.80 9.00 27.50 386.00 353.07 31.00
TVM 6 372.00 11.00 8.50 28.00 258.00 298.00 49.00
TVM 7 150.33 7.50 6.00 27.00 159.00 85.00 18.00
CD (0.05) 32.67 1.58 1.09 2.47 24.38 28.64 1.95

Table-2 : Fruit Pulp Characteristics of Table Purpose Mango.

Acc no. Pulp thickness (cm) Peel thickness (cm) Pulp/peel ratio Pulp/stone ratio
KLM 16 1.60 0.19 8.00 8..33
KLM 17 1.33 0.35 4.90 4.97
KLM 18 2.00 0.64 8.64 7.26
KLM 19 1.90 1.45 7.09 7.01
KLM 20 1.56 0.95 9.00 6.00
KLM 21 2.00 0.84 8.86 7.30
KLM 22 1.74 0.40 5.58 4.83
KLM 23 2.35 1.52 8.03 7.47
KLM 25 3.01 1.37 7.06 6.47
KLM 27 1.50 0.38 7.84 8.49
KLM 28 2.10 1.04 9.02 7.00
KLM 29 1.96 1.03 7.53 7.46
KLM 30 1.85 1.05 7.85 9.08
PTA 3 1.40 0.43 5.99 8.05
6ALA 6 2.10 0.18 8.05 8.22
ALA 7 1.67 0.77 5.93 5.72
TVM1 3.00 1.00 9.31 8.53
TVM 2 2.80 1.12 4.61 7.03
TVM 3 2.50 1.50 6.37 5.84
TVM 4 2.20 1.00 10.71 7.82
TVM 5 2.30 1.00 11.33 10.03
TVM 6 2.80 1.10 6.22 9.30
TVM 7 1.80 2.01 5.42 3.70
CD (0.05) 0.08 0.09 1.01 0.07
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Table-3 : Yield characters of table purpose traditional mangoes.

Acc no. Fruit Weight (g) Number of fruits Yield per tree (Kg) Organoleptic evaluation
(Overall acceptability)
KLM 16 420.00 350 151.55 8
KLM 17 340.00 250 107.50 8
KLM 18 380.00 300 95.19 8
KLM 19 429.00 350 168.00 8
KLM 20 400.00 550 166.65 7
KLM 21 372.00 800 307.20 7
KLM 22 150.33 750 275.25 8
KLM 23 361.00 198 68.40 8
KLM 25 338.00 250 122.00 8
KLM 27 457.00 200 98.00 9
KLM 28 400.67 600 247.80 7
KLM 29 253.33 450 166.50 9
KLM 30 295.00 400 161.20 7
PTA 3 202.00 500 319.00 7
ALA 6 271.00 250 105.00 6
ALA 7 218.00 500 170.00 8
ALA 8 219.00 550 209.00 8
ALA 9 231.33 350 150.15 8
ALA10 251.00 400 160.00 8
ALA 11 173.00 620 230.64 7
ALA 12 184.00 300 45.09 7
TVM 1 295.00 810 236.00 9
TVM 2 420.00 750 315.00 7
TVM 3 340.00 200 68.00 6
TVM 4 380.00 250 95.00 8
TVM 5 429.00 200 85.80 8
TVM 6 400.00 600 240.00 8
TVM 7 372.00 450 167.40 8
CD (0.05) 34.25 28.89 34.27 0.01

Table-4 : Fruit quality analysis of table purpose traditional mangoes.

Acc no. TSS Acidity Carotenoid  Ascorbic Acid Total Sugar Reducing Non Reducing
Sugar Sugar
KLM 16 21.00 0.600 3.13 21.77 11.32 3.31 7.77
KLM 17 15.00 0.593 3.40 9.27 13.15 3.03 9.77
KLM 18 22.00 0.320 2.33 24.00 10.41 3.34 712
KLM 19 20.00 0.317 5.25 20.00 14.00 4.16 10.81
KLM 20 14.00 0.640 6.72 12.00 10.51 2.77 7.88
KLM 21 20.00 0.633 3.00 15.00 7.22 2.40 4.70
KLM 22 19.00 0.960 4.00 20.33 13.12 2.60 10.37
KLM 23 15.00 0.937 5.20 20.00 11.90 2.61 9.17
KLM 25 16.00 0.923 6.78 14.93 10.40 2.50 7.60
KLM 27 16.00 0.320 5.57 14.33 13.92 3.85 9.84
KLM 28 18.00 0.630 4.48 18.00 13.12 2.93 10.05
KLM 29 19.00 0.937 5.20 20.00 11.90 2.61 9.17
KLM 30 18.00 0.923 6.78 14.93 10.40 2.50 7.60
PTA 3 14.00 0.623 3.00 23.33 7.27 1.78 6.21
ALA 6 11.00 0.317 5.25 20.00 14.00 4.16 10.81
ALA 7 15.00 0.640 6.72 12.00 10.51 2.77 7.88
ALA 8 16.00 0.317 5.25 20.00 14.00 4.26 10.81
ALA 9 21.00 0.640 6.72 12.00 10.51 2.77 7.88
ALA10 18.00 0.633 3.00 15.00 7.20 2.40 4.70
ALA 11 16.00 0.600 3.13 21.77 11.32 3.31 7.77
ALA 12 15.00 0.593 3.40 9.27 13.15 3.03 9.77
TVM 1 16.00 0.320 3.00 12.00 10.40 3.60 6.93
TVM 2 15.00 0.640 2.32 20.00 12.50 1.92 10.54
TVM 3 19.00 0.320 4.49 17.23 8.90 3.27 5.31
TVM 4 24.00 0.953 3.38 13.33 13.31 4.20 9.20
TVM 5 17.06 0.640 2.35 12.00 9.42 2.91 6.32
TVM 6 16.00 2.080 3.10 20.43 10.59 2.15 8.31
TVM 7 17.00 0.320 3.03 10.44 14.01 2.77 11.01
CD (0.05) 2.18 0.015 0.04 1.05 1.24 0.07 0.11
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cultivation. Single factors can have positive or negative
effects on a process, but we also have to take into
account interactions between factors. However a few
varieties are still existing in some homesteads are found
resistant to abiotic stresses. Hence the present study is
conducted with an objective of identifying, evaluation
and biodiversity conservation of climate resilient
mango varieties from Southern Kerala.

Materials and Methods

Detailed survey has been conducted to identify the
traditional mango varieties of South Kerala (Alapuzha
Thiruvananthapuram, Pathanamthitta and Kollam,
districts). Field visits of farmers having indigenous
mango varieties with fairly high yield even under changed
climatic situations were selected for detailed study. For
the study descriptive characters of leaf, inflorescence,
fruit and stone were recorded as per IPGRI descriptor.
Quantitative characters like petiole length, leaf length, leaf
width, inflorescence length, inflorescence width, fruit
length, fruit width, fruit weight, fruit volume were studied.
Fruit quality characters like total soluble solids, acidity,
ascorbic acid content, total carotenoids, total sugar and
reducing sugar and crude fibre content were studied.
Climate smart indigenous mango trees which were
superior with respect to important economic
characters like yield, fruit size, organoleptic qualities,
regularity in bearing, offseason bearing, pest and
disease resistance even under changed climatic
scenario of Kerala were selected. Effect of changed
climate on performance of traditional mango varieties of
South Kerala was noted during the study.

Physiological  changes  during  different
phenophases of mango were conducted. Abiotic stress
tolerant studies were also undertaken. The selected table
purpose traditional mango varieties were characterized
based on morphological markers

Results and Discussion

Based on the study it was seen that (Table-1) the fruit
weight ranges from 150 g (KLM-22) to 457 g(KLM-27),
fruit length varied from 7.5 cm (KLM-22, ALA-1 and
TVM-7) to 12.13 cm (KLM-23), fruit width varied from 6.0
cm (KLM-22 and TVM-7) to 9.5 cm cm (ALA-10), fruit
diameter varied from 20.10 cm (KLM-22) to 33.00 cm
(KLM-17, TVM-2), fruit volume varied from 158 cc
(KLM-22) to 440.00 cc (KLM-27), pulp weight varied from
82.0 g (KLM-22) to 355.00g (KLM-19, TVM-4 ), peel
weight varied from 15.00 g (KLM-22) t0 59.00 g (KLM-25).

Results of the experiment showed that (Table-2) fruit
pulp thickness from different accessions of climate
resilient traditional mango varieties varies from 1.4 cm

(PTA-3) to 3.01 cm (KLM-25), peel thickness of fruits
varies from 0.19 cm (KLM-16) to 2.0cm (TVM-7), pulp
peel ratio was highest 11.33 in TVM-5 and lowest 4.61 in
TVM-2. Pulp stone ratio was highest in TVM -5 (10.03)
and lowest in TVM-7 (3.70).

Based on the results of the experiment (Table.3), it
was seen that fruit weight from different accessions of
climate resilient traditional mango varieties varies from
150.33 g (KLM-22) to 457.0 g ( KLM-27), number of fruits
per tree varies from 198.0 (KLM-23) to 810.0 (TVM-1),
yield per tree varies from 68.0 Kg (TVM-3) to 319.0 kg
(PTA-3). Overall acceptability of these table purpose
traditional mangoes based of organoleptic analysis,
varies from lowest score of 6.0 (TVM-3) to highest score
of 9.0 (KLM-29) and (TVM-1).

The study of fruit quality characters showed
significant  difference among different accessions
(Table-4). TSS value varied from 11 °Brix (ALA-6) to
(TVM-4) 24.0° Brix, acidity varied from 0.317 % (KLM-19
and ALA-6) to 2.080 % (TVM-6). Carotenoid content
varied from 2.32 mg 100 g (TVM-2) to 6.78 mg 100 g
(KLM-25), ascorbic acid varied from 9.27 mg 100 g
(KLM-17 and ALA-12) to 24.0 mg 100 g™ (KLM-18), total
sugar content varied from 7.20 % (ALA-10) to 14.01 %
(TVM-7), reducing sugar content varied from 1.92 %
(TVM-2) to 4.26 % (ALA-8 ), non reducing sugar content
varied from 4.70 % (KLM-21 and ALA-10) to 11.01%
(TVM-7).

Conclusions

Mango is highly vulnerable to changes in climatic
conditions. Now the focus is given for the identification of
climate smart fruit crops .From the detailed study on
climate smart table purpose traditional mangoes it was
observed that fruit weight of the selected mangoes varied
from 150 g to 457 g, fruit length varied from 7.5 cm to
12.13 cm, fruit width varied from 6.0 cm to 9.5 cm), fruit
diameter 33.00 was highest in KLM-17and TVM-2 , fruit
volume varied from 158 cc to 440.00 cc. ), pulp peel ratio
was highest 11.33 in TVM-5 and lowest 4.61 in TVM-2.
Pulp stone ratio was highest in TVM -5 (10.03) and lowest
in TVM -7 (3.70). Fruit weight was highest (457.0 g ) in
KLM-27, number of fruits per tree varies from 198.0
(KLM-23) to 810.0 (TVM-1), vyield per tree varies was
highest (319.0 kg) in PTA-3. Highest TSS value of 24.0°
Brix was reported from TVM-4 and  acidity varied from
0.317 % (KLM-19 and ALA-6) to 2.080 % (TVM-6).
Carotenoid content was highest in TVM-2 ( 6.78 mg 100
g"') (KLM-25), ascorbic acid varied from 9.27 mg 100 g
(KLM-17 and ALA-12) to 24.0 mg 100 g™ (KLM-18), total
sugar content was highest (14.01 % ) in (TVM-7),
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Abstract

The technical gap between existing and proposed pigeonpea crop technologies was evaluated in the years 2020-21 and
2021-22. Ten demonstrations were carried out in farmer’s fields. The results indicated that improved technology yielded a mean
output of 41.4 t/ha, which was 3.4 percent higher than farmers’ average production (38.4 t/ha) whereas the average extension
gap was 3.0 t/ha, the average technology gap was 21.3 t/ha, and the average technology index was 51.4 percent. An additional
investment combined with the introduction of new high yielding, disease resistant cultivars with suggested nutrition, water
management, plant protection measures, scientific monitoring, and non-monetary elements resulted in increased mean returns
of Rs.43580/ha. Improved yields resulted in a higher mean net revenue of Rs. 204295/ha and a BC ratio of 11.65 in comparison
to farmers’ practices (Rs. 160715/ha). The use of enhanced technologies greatly raised the income and also the net returns to
the farmers, according to the ICM demonstrations done on pigeonpea at the farmers’ field.

Key words : Extension, ICM, pigeonpea, production, technology,

Introduction

Pigeonpea [Cajanus cajan (L.) Millspaugh] is a perennial
shrub with a limited life span that is usually grown as an
annual crop in underdeveloped nations. Currently, India is
the major producer of pigeon peas, accounting for over
70% of total global production (Anon., 2017).

Pigeonpea production is concentrated in 22
countries (823.82 lakh ha, with 818.00 lakh tonnes
produced and a productivity of 993 kg/ha), largely in Asia
and Africa. However, India alone contributes 294.47 lakh
ha, with a production of 231.31 lakh tonnes and a
productivity of 786 kg/ha. Karnataka alone contributes
25.74 lakh square kilometres. Pigeonpea crop suffers
from both biotic and abiotic stresses. Among the biotic
factors diseases caused by fungi, bacteria, viruses and
nematodes are the major constraints for the production
and productivity. The soil borne diseases caused by the
fungal pathogens such as Fusarium, Phytophthora and
Rhizoctonia are of greater economic significance.

As a result, management approaches must be
standardised to account for varying agroclimatic
conditions. To tackle the wilt disease in pigeonpea, pest
management strategies and biocontrol measures have
been launched by employing antagonistic micro-
organisms. Second, it is thought that developing resistant
cultivars and combining the use of bio-agents and
fungicides is more feasible.

The amount to which new agricultural technology are
adopted is a critical factor in the innovation diffusion
process, and it is the most essential factor for increasing
agricultural productivity at a faster rate. A large number of
agricultural technologies have been developed but have
yet to be recognized and utilized. The gap between
scientists’ advice and farmers’ actual implementation is
common. Agricultural extension education center (AEEC)
Lingsugur has done large-scale demonstrations of
integrated crop management (ICM) approaches in
response to the crisis.

Materials and Methods

During 2020-21 and 2021-22, ICM demonstrations were
held in farmers’ fields at AEEC, Lingasugur in the Raichur
district of Karnataka, with the goal of popularizing
improved technology for pigeon pea productivity
enhancement through demonstrations. In a farmer’s field,
ten ICM demonstrations were held. On-campus and
off-campus trainings were held to disseminate pigeon
pea productivity boosting technology. The following
technologies were then used to illustrate improved
practices.

Sl. No. ICM Technology implemented
1. Improved variety-GRG 811, GRG152, BSMR-736
(Plate 1)
2. Application of biofertilizers (PSB)
3. Biopesticides (Trichoderma, Pseudomonas

fluorescence, Bacillus subtilis)
4. Timely spray of pesticides, Pheramone traps
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Table-1 : pigeon pea yield, technology gap, extension gap and technology index as influenced by ICM practices.

Year Potential yield t/ha) % increase in yield Technology gap Extension gap Technology index
ICM FP in ICM over FP (tha) (kg/ha) (%)
2020-21 42.62 39.26 8.5 25.7 3.4 60.3
2021-22 39.66 37.6 5.4 17.6 2.06 44.4
Average 41.4 38.4 6.95 21.3 3.0 51.4
Table-2 : Economic analysis of pigeonpea demonstration.
Sl. No Net returns (Rs/ha) Additional returns B:C

ICM FP (Rs./ha) ICM FP
2020-21 234874 167590 67284 12.4 8.65
2021-22 173716 153840 19876 10.9 7.80
Average 204295 160715 43580 11.65 8.22

£ : - L. NN .,

Plate-1 : Field visit to GRG-811 pigeonpea.

Samui percent was used to determine the and the use of Trichoderma in conjunction with

technology gap, extension gap, and technology index for
the study (2000).

Technology gap = Potential yield — Demonstration yield

Technology index (%) = (Potential yield - Demonstration
yield /Potential yield) * 100

Results and Discussion

The data were analysed, the technology gap, extension
gap, and technology index were determined using the
formula, and an economic analysis was performed using
the technique, and the results are shown in tables-1 and 2.

The average pod output of pigeon pea was 41.4
tonnes per hectare, compared to 38.4 tonnes in farmers’
fields. The enhanced production of pigeon pea in the
demonstration plot was mostly due to the use of better
technology. The use of bio-inputs allowed for the
mobilization of nutrients from natural soil nutrients, the
use of pulse magic (micronutrient) during 50% blooming,

pheromone traps to assist monitor the crop and resist
disease. The demonstration yield exceeded the potential
yield of farmers due to a technological gap (Balai et al.,
2012). Farmers will ultimately abandon old technology in
favour of new technology as a result of the new
technologies. The technology index indicates the
practicality of evolving technology in farmer’s fields; the
lower the value of the technology index, the greater the
viability of the technology. In this demonstration, 51.4
percent of the technologies index was observed,
indicating proper adoption of enhanced technologies.
Keshavareddy et al. (2018) found similar results in
mango, Shalini et al. (2016) in tomato, Renbomo Ngullie
and Pijush (2016) in chilli, Vikram et al. (2018) and
Rupesh (2015) in sunflower, and Berjesha et al. (2013) in
Brassica.

The input and output prices of commodities were
utilized throughout the research demonstrations to
compute the gross return, cost of cultivation, net return,
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and benefit cost ratio (Table 2). Pigeonpea cultivation with
superior technology resulted in a higher net return of Rs
204295 per hectare than farmer methods (Rs 160715 per
hectare), which resulted in an extra return of Rs 43580 per
hectare. In ICM, pigeon pea had a benefit-to-cost ratio of
11.65. This is due to higher yields gained through modern
technology vs farmer plots used as a local control.

Conclusions

According to the study, ICM demonstration programme
was found to be beneficial in increasing farmers’
awareness and acceptance of several aspects of
pigeonpea production technology. ICM practices raised
awareness and encouraged other farmers to embrace
more efficient production methods. The high yielding and
resistant pigeon pea types has to be grown, which will
extend throughout the taluk, including the surrounding
area. The use of critical input and a participatory approach
to designing and executing the demonstration will
undoubtedly aid in technology transfer to farmers.
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Abstract

This study describes the population variance of Brevicoryne brassicae on cabbage crop (Golden Acr) sown at weekly interval
starting from 24t October to 21st November at Collage of Agriculture Bikaner, Rajasthan during the years viz., rabi, 2015-16
and 2016-17. All five transplanted dates were attacked by cabbage aphid, Brevicoryne brassicae Linnaeus. The aphid
population reached to peak in the first week of February (5 SMW) during both the year at peak population ranged from 102.38
to 172.30 and 115.85 to 171.80 aphids per plant 2015-16 and 2016-17 respectively. A significant positive correlation was
observed between transplanting dates and aphid population with variance explained of 91 per cent. The transplanting dates and
yield revealed a significant negative correlation with variance explained of 25 per cent. A highly significant negative between
aphid incidence and yield with variance explained of 17 Per cent. All the data indicate that with the delay in transplanting dates,
the infestation of cabbage aphid, increased resulting in increased damage and decreased yield as well.

Key words : Cabbage, transplant dates, arid ecosystem, Brevicoryne brassicae.

Introduction

Cabbage, Brassica oleracea var. capitata Linn. is an
important cole crop and commercially grown as leafy
vegetable in India. It occupies an area of about thousand
399 hectares with an annual production of 9095 thousand
million tonnes (Anonymous 2018-19). The productivity
level of cabbage is much lower than its potential attributing
to many causes and among them insect pests are major
constraints. The cabbage crop is attacked by a major
insect pests viz: Lipaphis erysimi (Kalt.), diamondback
moth, Plutella xylostella Linnaeus; and tobacco caterpillar,
Spodoptera litura Fabricius. (Sachan and Srivastava,
1972, Sharma, 2004 and Shukla and Kumar, 2004) are
reported as major pests causing significant losses.

The manipulation in transplantation dates is one of
the important cultural practices to avoid most vulnerable
stage of the crop with the peak population buildup of pests
without any additional cost. The meagre information on
this aspect is available in different regions of the country
on cabbage crop (Ojha et al., 2004 and Salman et al.,
2007). Hence, the investigation was conducted to know
the impact of different transplanting dates on the
incidence of aphid of cabbage in arid region of Rajasthan
where cabbage is grown as early, timely and late season
crop from August to March.

Materials and Methods

The experiment was laid out in simple randomized block
design (RBD) with five treatments (transplanting dates)
and four replications. The plot size was 2.25 x 2.25 m® with

row to row and plant distance of 45 x 45 cm, respectively. There
were five different dates of transplanting of cabbage crop
during both the years viz., rabi, 2015-16 and 2016-17 at
weekly interval starting from 24" October to 21°
November. Observations of cabbage aphid were recorded
soon after their appearance at weekly interval till the
harvesting of the crop. The data on aphid, were
transformed into /x+ 05 subjected to analysis of

variance.

Results and Discussion

Value (Gomez and Gomez, 1976) and wereDuring
2015-16, at peak infestation of aphid population (102.38
aphids/plant) was recorded in the crop transplanted on
24™ October followed by 31® October (124.45
aphids/plant) and 7" November (141.80 aphids/plant)
transplanted crop, these population differed significantly
to each other. The maximum aphid population (172.30
aphids/plant) during peak was noticed in the crop
transplanted on 21" November followed by 14" November
(163.05 aphids/plant) and both were at par to each other.
The minimum mean aphid population (44.96 aphids/plant)
of all the observations was also recorded in the crop
transplanted on 24" October followed by crop
transplanted on 31™ October and 7" November which
exhibited 50.51 and 54.22 aphids per plant respectively.

A perfect positive correlation (r = 0.983) was found
between transplanting dates and aphid population with
variance explained of 86 per cent. In between the
transplanting dates and vyield a significant negative
correlation (r = -0.853) was recorded with variance
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Table-1 : Effect of dates of transplanting on the incidence of L. erysimi on cabbage during Rabi, 2015-16.

No. Transplanting 50# 51 52 1 2 3 4 5** 6 7 8 9 Mean

1. 24™ October 070 1.90 590 1155 28.80 61.90 74.45 102.38 101.70 9845 46.70 510 44.96
(1.07) (1.53) (2.51) (3.47) (5.40) (7.89) (8.65) (10.14) (10.10) (9.93) (6.86) (2.36)

2. 31 October 095 225 6.95 14.45 33.00 67.15 7885 12445 110.75 101.25 56.20 9.85 50.51
(1.17) (1.65) (2.71) (3.82) (5.75) (8.22) (8.90) (11.18) (10.54) (10.08) (7.48) (3.21)

3. 7™ November 105 1.80 590 1055 33.95 70.70 77.10 141.80 127.50 105.25 63.55 11.50 54.22
124 (1.51) (251) (3.32) (5.86) (8.43) (8.79) (11.92) (11.29) (10.25) (7.97) (3.45)

4. 14™ November 035 125 7.45 2185 41.10 80.85 89.80 163.05 160.30 132.20 78.45 20.70 66.43
0.92 (1.31) (2.81) (4.72) (6.44) (9.00) (9.50) (12.77) (12.68) (11.51) (8.87) (4.59)

5. 21%' November 0.00 0.90 7.90 2025 4465 82.15 100 172.30 161.90 151.25 81.55 30.20 71.09
071 (1.17) (2.89) (4.53) (6.71) (9.08) (10.02) (13.14) (12.74) (12.31) (9.05) (5.52)

S.Em = - 041 015 020 023 021 026 021 030 031 031 017

C.D. (5%) - 035 047 063 69 065 0.80 0.63 0.93 0.97 97 0.53

Figures in the parentheses ,/x + 05 are values. **Peak aphid population # Standard meteorological week.

Table-2 : Effect of dates of transplanting on the incidence of L. erysimi on cabbage during Rabi 2016-17.

Transplanting 504 51 52 1 2 3 4 5 6 7 8 9 Mean

1. 24" October 135 265 1115 4045 80.80 11230 11585 11245 9565 69.95 2880 875  56.61
(1.35) (176) (340) (6.39) (9.01) (10.60) (10.78) (10.62) (9.81) (8.39) (5.31)  (3.03)

2. 31 October 105 310 1160 4295 8465 13195 13340 11555 10205 7240 3315 990  61.79
(1.24)  (1.88) (347) (658) (9.22) (11.50) (1157) (10.77) (10.42) (849) (5.77) (3.12)

3. 7" November 095 325 1585 61.80 10120 15600 159.80 13155 12475 11520 64.55 2240  79.78
(1.20) (1.92) (403) (7.86) (10.08) (1250) (12.66) (11.46) (11.18) (10.75) (8.03)  (4.77)

4. 14" November 120 235 1775 7745 11090 160.15 16200 15745 15430 13220 7715 3420  90.57
(129) (168) (4.26) (8.79) (10.53) (12.65) (12.74) (1256) (12.44) (11.51) (8.80)  (5.87)

5. 21* November 00 185 1840 8130 11675 169.80 171.80 16845 16870 15110 7925 3955  97.25
071)  (152) (432)  (9.02) (10.76) (13.05) (13.42) (12.99) (13.00) (12.30) (8.92)  (6.31)
S.Ems - 012 021 031 032 028 021 030 025 026 030 0.2
C.D. (5%) - 038 065 09 098 087 065 093 078 080 094 1.0

Figures in the parentheses ,/x + 05 are values.*™ Peak aphid population # Standard meteorological week.

Table-3 : Effect of dates of transplanting on the incidence of L. erysimi on cabbage (Pooled).

No. Transplanting 50# 51 52 1 2

3 4 5** 6 7 8 9 Mean

1. 24™ October 103 228 853 2600 54.80
(121) (1.65) (2.95) (4.93) (7.20)
2. 31% October 100 2,68 928 2870 58.83
(121) (1.77) (3.09) (5.20) (7.49)
3. 7" November  1.00 253 10.88 36.18 67.58

86.96 9515 114.45 100.05 84.20 37.35 6.93 50.78
(9.25) (9.72) (10.72) (10.01) (9.16) (6.08) (2.70)
99.55 106.13 118.18 106.40 86.68 4468 9.88 56.15
(9.86) (10.23) (10.89) (10.33) (9.28) (6.63) (3.16)
1134 118.45 136.68 126.13 107.70 62.30 16.10 66.57

(1.22) (1.72) (327) (5.59) (7.97) (10.47) (10.72) (11.69) (11.24) (10.38) (7.90) (4.03)

4. 14" November 0.78 1.80 12.60 49,50 76.00 120.40 125.90 160.25 157.30 132.20 77.80 27.45 78.50
(1.10) (1.49) (3.54) (6.76) (8.49) (10.83) (11.12) (12.67) (12.56) (11.51) (8.83) (5.23)

5. 21% November 00  1.38 13.15 50.78 80.70 12598 135.90 170.38 165.30 151.18 80.40 34.88 84.17
(0.71) (1.35) (3.60) (6.78) (8.73) (11.07) (11.57) (18.07) (12.87) (12.31) (8.99) (5.91)

S.Emz 0.06 0.08 0.13 0.19 0.20
C.D. (5%) 0.19 0.24 0.38 0.54 0.57

0.18 0.17 0.22 0.20 0.22 0.22 0.18
0.51 0.49 0.63 0.58 0.63 0.64 0.53

Figures in the parentheses ./x + 05 are values.*™ Peak aphid population # Standard meteorological week.

explained of 24 per cent. A significant negative correlation
(r = -0.880) was also recorded between aphid incidence
and yield with variance explained of 29 per cent.

During 2016-17, the minimum population of aphid

(115.85 aphids/plant) at peak aphid infestation on crop
was noticed in the early-transplanted crop ie. 24"
October followed by 31 October (133.40 aphids/plant)
and these were statistically differed significantly. The
maximum aphid population of aphids per plant was
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Table-4 : Correlation coefficient, (r = value) regression equation and coefficient of determination between date of
transplanting of cabbage and incidence of aphid and yield of cabbage.
S. No. Particulars Correlation coefficient (r)
2015-16 2016-17
1. Transplanting dates v/s Aphid incidence 0.977* 0.979*
2. Aphid incidence v/s Yield -0.898 -0.906
3. Transplanting dates v/s Yield -0.853 -0.856
Significant at 5%
S. No. Regression equation Y = a + byxX Coefficient of determination (%)
(Variance explained)
2015-16 2016-17 2015-16 2016-17
1. Y=-39.65 - 0.260 X, Y = 40.32 - 0.259 X 24 25
2. Y=112.31 - 0.578 X, Y =-0.97 — 0.344 X, 29 17
3. Y1 =-17.34 + 0.514 X, Y: = -23.85 + 0.590 X, 86 91
Y = Yield (dependent) Xy = Date of transplanting
Y; = Aphid population Xo = Aphid population
Table-5 : Effect of dates of transplanting on the yield of cabbage.
Dates of transplanting Yield of cabbage heads (g/ha)
2015-16 2016-17 Pooled
24™ QOctober 202.96 193.09 198.02
31°" October 223.21 214.82 219.01
7" November 198.76 188.64 194.07
14™ November 179.75 165.43 172.59
21 November 155.16 145.43 150.30
S.Em+ 7.96 8.94 7.58
C.D. (5%) 24.59 27.53 22.31

recorded in the late-transplanted crop i.e. 21%' November
(171.80 aphids/plant) followed by 14" November (160.15
aphids/plant) and 7" November (159.80 aphids/plant)
transplanted crop these were statistically at par to each
other.

The mean aphid population of all the observations
recorded during the crop season indicated that the
minimum mean population of 56.61 aphids per plant was
also found on the crop transplanted on 24" October (early
transplanted) followed by 61.79 aphids per plant in the
crop transplanted on 31% October and both were
statistically differed with each other.

The maximum mean aphid population 97.25 aphids
per plant was found in the late- transplanted crop i.e. 21%
November followed by the crop transplanted on 14"
November (90.57 aphids/plants) and 7" November (79.78
aphids/plants) respectively, and all these were statistically
differed with each other.

A perfect significant positive correlation (r = 0.979)
was found between transplanting dates and aphid
population with variance explained of 91 per cent which
showed that the aphid incidence increased with the delay
in transplanting. Relationship in between the transplanting
dates and yield revealed a significant negative correlation
(r = -0.856) with variance explained of 25 per cent. A

highly significant negative correlation (r= -0.906) was also
recorded between aphid incidence and yield with variance
explained of 17 Per cent.

The pooled data of both the years show that the
minimum aphid population 114.45 aphids per plant during
peak infestation was recorded from the crop transplanted
on 24™ October followed by crop transplanted on 31"
October and 7" November which exhibited 118.18 and
136.68 aphids per plant. The population on the crop
transplanted on 24" October at par with the population on
the crop transplanted on 31" October, however, the later
statistically differed with the population on the 7"
November. The maximum aphid population (170.38
aphids/plant) was recorded on the late- transplanted crop
i.e. 21™ November followed by 14™ November (160.25
aphids/plant) and both were also at par.

The pooled mean aphid population of all the
observations recorded during crop the season also
indicate that minimum aphid population of 50.78 aphids
per plant was found on the crop transplanted on 24"
October followed by the crop transplanted on 31" October
and 7" November (56.15 and 66.57 aphids/plant
respectively).

The maximum mean aphid population of 84.17
aphids per plant was recorded in the crop transplanted on
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21" November and it was differed with the crop
transplanted on 14" November (78.50 aphids/plant).

Yield of cabbage heads : The maximum yields of
cabbage heads (223.81 and 214.82 q ha™) during Rabi
2015- 16 and 2016-17 were obtained from the crop
transplanted on 31%' October which were statistically at par
with 24™ October (209.96 and 193.09 q ha™") but differed
with 7" November (198.76 and 188.64 q ha™)
transplanted crop respectively. However later were at par
with crop transplanted on 14" November (179.75 and
165.43 q ha™'). The minimum yields of cabbage heads
(155.16 and 154.43 q ha™') were obtained from the crop
transplanted on 21% November (late-transplanted), which
were statistically at par with crop transplanted on 14"
November.

The pooled data of both the years showed that the
maximum yield of cabbage heads (219.01 q ha”') was
obtained from the crop transplanted on 31™ October and
which were at par with crop transplanted on 24" October
(198.02 g ha™). The minimum yield of cabbage heads
(150.30 q ha™) was obtained from crop transplanted on
21°' November (late-transplanted) which at par with 14"
November (172.59 q ha™) but differed from the crop
transplanted on 7" November (194.07q ha™).

The data on the effect of variation in the
transplanting time on the incidence of insect pests of
cabbage indicated that there was a definite pattern of
incidence of pests in relation to the different transplanting
dates pooled data of two years revealed that the minimum
incidence of aphid (114.45 and 50.78 aphids/plant) during
peak and mean was recorded from the crop transplanted
on 24" October (early transplanted) followed by the crop
transplanted on 31" October (118.18 and 56.15 aphid/
plant) and 7" November (136.68 and 66.57 aphids/plant).

However, maximum infestation (170.38 and 84.17
aphids/plant) was recorded in late transplanted crop i.e.
21 November followed by the crop transplanted on 14"
November (160.25 and 78.50 aphids/plant). It was
concluded that the aphid population increased with the
delay in transplanting time. The present findings are in

conformity with that of Chavan et al. (2004) who reported
that no aphid incidence was observed in the crop
transplanted in October, however, incidence of aphid was
started from the last week in December on crop
transplanted in November. The present findings are also
in accordance with Salman et al. (2007) who reported that
infestation of aphid increase by delaying the sowing
dates. The crop transplanted in 1% and 15" October
exhibited lowest rate of infestation.
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Abstract

With the increase in the population, there is an increase in the food demand. The issue is to be addressed by innovative modern
technology and as such genetically modified crops paved the way. The use of genetic engineering to transfer the desirable
genes into crops creates genetically modified crops. The benefits include increased tolerance to biotic and abiotic stress,
herbicides, and enhanced nutritional values. Based on the review of some literature, it is proved that the adoption of GM crops
increases the farmer’s income and reduces the chemical use thus protecting the soil health. Instead of many benefits, there are
some myths like allergies and gene flow, which are against the adoption and commercialization of GM crops. This concern
requires a lot of attention by extension to provide motivation and awareness to people. The paper discusses the importance of
GM crops to meet food security and the role of extension in the transfer of technology.

Key words : GM crops, food security, extension strategies

Introduction

Food and Agriculture Organization (FAO) defined food
security as when all people, at all times, have physical,
social, and economic access to sufficient, safe, and
nutritious food that meets their dietary needs and food
preferences for an active and healthy life. Food security
means not just increasing the food grain production, but
also making the food available and accessible to all
sections of the people. India being an agricultural country,
still faces the problem to meet the food requirements of
the growing population. According to the global hunger
index 2021, India is ranking at 101 positions with about
189.2 million undernourished people, 33 lakh
malnourished children and 15% of the population sleeps
hungry every night. Accordingly, an article from economic
times reported that the population is estimated to reach
9.2 billion by 2050 and there comes a need to uplift food
grain production to 333 million tonnes by 2050. On the
other hand, the percentage of agricultural workers is likely
to drop to 25.7 percent by 2050 from the earlier 58.2
percent in 2001 and the average landholdings have
decreased from 1.41 hectares in 1995-96 to 1.08
hectares in 2015-16. Fig 1 and 2 shows the growth of food
production and population in India respectively over years.

Evolution of Indian Agriculture

Eradicating hunger was always one of the main goals of
the United Nations millennium development goals. In the
process of eradicating hunger, there have been
continuous changes in the Indian agriculture to meet all
the challenges of overpopulation, climate change, labors

migration, and a decrease in cultivable land. The changes

varied from :

e Beginning of 19" century — using traditional
methods.

e Beginning of 20" century - shifting to the green
revolution by using pesticides, insecticides to meet
food sulfficiency.

e Beginning of 21 century - shifting to organic farming
due to observation of damage to the environment by
the farmers but with organic farming, the food
security can only be met in long term practice.

e Present — need for an innovative approach to
address the food security of the growing population

Need for GM Crops Biotechnology is one such
innovation, wherewith the help of genetic engineering,
plants are inserted with desirable traits and transgenic
crops are developed. “Genetically modified crops are
crops derived from organisms whose genetic material
(DNA) has been modified in a way that does not occur
naturally e.g. through the introduction of a gene from a
different organism”. BT cotton is modified by the insertion
of genes from a soil bacterium, Bacillus thuringiensis to kill
caterpillar pests. Food security can’t be achieved only by
GM crops, but the blending of traditional technologies with
biotechnologies can help to solve the problem. Many
studies have proved the role of GM crops in providing food
safety and security but it is still a controversial topic to the
public.

Pros of GM crops
e >Nutritional enhancement: Higher vitamin content;
more healthful fatty acid profiles
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e Stress tolerance: Tolerance to high and low
temperatures, salinity, and drought

o Disease resistance: For example, orange trees
resistant to citrus greening disease or American
chestnut trees resistant to fungal blight.

e Post-harvest traits: More storage period, slow
ripening

e Biofuels: Plants with altered composition for more
efficient conversion to ethanol

e Phytoremediation: Plants that extract and
concentrate contaminants like heavy metals from
polluted sites.

o Edible vaccines: Vaccines produced in food crops
can be directly consumed and effectively elicit an
immune response to a particular pathogen.

Cons of GMOs : Besides many benefits, some scientists
do not approve GM crops and even a few articles were
distributed on outcomes of GM crops, however, all were
wrong. There is no demonstrated learn about the cons of
GM crops, these are focuses raised by Anti-GMO just to
prevent the entry of GM into India. The focuses are :

Allergenicity

Gene transfer

e Qutcrossing
e Superweeds and super pests

Status of GM crops at national and international level :
GM crops were first introduced in the USA in 1994 with the
Flavr Savr tomato variety, which has desirable
characteristics like slow ripening process, delaying
softening, and rotting. With the benefits of GM crops, the
area under GM crops has increased from 1.7mha in 1996
to 190.4mha in 2019 (ISAAA). Due to the increased
adoption of GM crops, it is considered as fastest adopted
crop technology. Besides its fast adoption, there are still
protests going against this technology. Only some
countries like the USA, Canada, and Japan had
commercialized both food and non-food crops.

As indicated by the International Service of
Acquisition of Agri-biotech Application (ISAAA), India has
been positioned as the fifth biggest country as far as a
region under biotech crops as shown in fig3. The Genetic
Engineering Appraisal Committee (GEAC) is the peak
body that takes into consideration for approval of GM
crops and the only crop approved in India is GM cotton.
The GEAC in 2007, suggested the approval of BT brinjal,
yet the drive was impeded in 2010. BT brinjal, tomato,
bhindi, rice, soya bean - under assessment and trial and
error stage. BT cotton was at first supported in India on
March 26", 2002 for commercial development in six
states. In addition to reducing production costs and

increasing profit, it has lowered farming risk and improved
farmers’ viewpoint. It changed the scenario, as cotton
productivity nearly multiplied in six years. India’s portion in
the worldwide production of cotton expanded from 12% in
2002 to 25% by 2014(ISAAA). From a net importer of
cotton, India turned into the second-biggest exporter of
cotton. At present over 95% of the nation’s cotton region
has gone under BT cotton and the yield has additionally
expanded from 191 kg/ha to 436 kg/ha (pib.gov.in). fig 4
shows the most adopted GM crops all over the world.

Following endorsement for GM cotton, a few
organizations also supported GM crops, expecting
comparable ground breaking changes in Indian farming.
BT brinjal was one such innovation suggested for
commercialization in October 2009, after it finished
administrative assessment in seven years, and is as yet
under the ban. In the meantime, this innovation has been
embraced in Bangladesh. A review by Ahmed et al (2013)
on the effect of BT brinjal showed a 51% decrease in the
quantity of pesticide application, 42% increment in the
yields and there is no record of damage to human
wellbeing. Whenever All India Composed Vegetable
Improvement Task (AICVIP) directed field trails with BT
brinjal crossbreeds in 2007, the paths were led in 2004
and 2005, the outcomes were is there was a normal
decrease of 41.8% in the utilization of bug spray and
133.6% increment in the natural product yield. It is
demonstrated that the development of BT brinjal has such
countless advantages however dissenters are still against
the choice.

Table-1 : Area, Production and Yield of BT cotton crop in

India.
Year Area Percent  Producti Yield Percent
(lakh change on (kg/ha) change
ha) in area (lakh in yield
%) bales) (%)
2002-03 0.29 - 86.21 191 -
2003-04 0.92 68.47 137.28 307 37.78
2004-05 4.85 81.03 164.29 318 3.459
-2005-06 12.34 60.69 184.99 362 12.15
2006-07 33.54 63.20 226.32 421 14.01
2007-08 54.72 38.70 258.84 467 9.85
2008-09 66.69 17.94 222.76 403 -15.88
2009-10 85.52 22.01 240.72 403 0
2010-11 96.32 11.21 330.00 499 19.23
2011-12 107.58 10.46 352.00 491 -1.62
2012-13 105.43 -2.03 342.20 486 -1.02
2013-14 110.35 4.45 359.62 510 470
2014-15 119.40 7.57 348.05 462 -10.28
2015-16 106.83 -11.76 300.05 415 -11.32
2016-17 89.43 -19.45 325.77 511 18.78
2017-18 110.76 19.25 328.05 477 -7.12
2018-19 117.81 5.98 287.08 386 -23.57
2019-20 117.47 -0.28 322.67 436 11.46
(Source Directorate of Economics and statistics,

www.pib.gov.in)
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Table-1 concludes that there is no regular trend in
area and yield increase every year. The government of
India after recognizing the importance of GM crops, has
started conducting field trials in 8 different states by
obtaining a nonobjection form from the state government.
The states and crop trails are Punjab- mustard, maize;
Haryana-maize, cotton; Delhi-mustard; Rajasthan- cotton;
Gujarat-cotton, maize; Maharashtra-brinjal, rice, maize,
cotton; Andhra Pradesh-chickpea, cotton; Karnataka-
cotton. Brinjal, mustard, and potato are some of the crops
which are awaiting permission for large-scale field trials
and seed production. The varieties of some GM crops
are :

e Bt-cotton : MECH 12 Bt, RCH 2 Bt, Ncs-207,
MRC-6322 Bt

e Bt brinjal : mhb-4 Bt, mhb 9 Bt, mhb 80 Bt, Jaya and
BSS-793

e GM mustard: Dhara Mustard Hybrid 11 (DMH11)
o GM potato: new leaf variety, innate potato, amflora
e Gm soybean: roundup ready soybean

GM crops safety issue : One of the main concerns for
least adoption of GM crops is their safety, many farmers
and consumers believe that GM crops are not safe to
consume due to their side effects like allergenicity and
harm to the environment. Besides these controversies
many national and international institutions like the world
health organization (WHO), food and drug administration
(FDA), U.S Department of Agriculture (USDA),
Environmental Protection Agency (EDA), American
Association for the Advancement of Science (AAAS),
American Society of Plant Biologists (ASPB) and French
Academy of Medicine have studied and supported that
GM crops are as safe as conventionally grow crops. NAS
stated that “To date, no adverse health effects attributed to
genetic engineering have been documented in the human
population”. Along with the institutions scientists like
Norman Borlaug, have stated that “It is better to die eating
GM food instead of dying of hunger”. M.S. Swaminathan
also stated that “GM foods have the potential to solve
many of the world’s hunger and malnutrition problems,
and to help protect and preserve the environment by
increasing yield and reducing reliance upon chemical
pesticides”. European commission prepared a report by
concluding more than 130 research projects for 25 years
which involves more than 500 independent research
groups stated that genetically modified organisms are no
more risky than conventional plant growth technologies.

Why choose GM crops over other crops? : Many
scientists consider that other farming practices like
organic farming are also efficient in solving food insecurity,

but the following are the reasons why we have to choose
GM crops over others :

e Increased crop yields
e Reduce need for crop protection

One of the main benefits of GM crops is to produce
plants with desirable characteristics like increasing yield
and reducing the need for crop protection by genetic
engineering process. The GM crops can provide
resistance to biotic and abiotic stress and insects and
pests, hence there will be increased yield due to less
damage. Crop protection can be increased by inserting
genes into the plant directly to act against insects, pests,
and viruses, thus helping in reducing the use of
insecticide and pesticides and reducing the cost of
cultivation. The reduced spraying of chemicals also
makes GM crops safe to consume.

A study by Subramanian (2009) resulted in that
usage of BT cotton has increased the yield up to 30-40%
with reduced use of insecticide by 50%, resulting in a net
profit of US$156 per hectare. Another study by
Sadashivappa and Quim (2009) resulted in the adoption
of BT cotton showed a 43% rise in yield, a 21% decline in
several sprays, and a 70 %increase in net profit margin. A
meta-analysis by Klumper and Qaim (2014) on the
impacts of Genetically Modified Crops resulted in the
adoption of GM technology has reduced chemical
pesticide use by 37%, increased crop yields by 22%, and
increased farmer profits by 68%.

Enhanced nutrient composition and food quality : The
transfer of genes also helps to nutritionally enhance the
quality of foods with desirable characteristics. Nutritionally
enhanced GM crops under development include varieties
of wheat free of gluten, a major cause of food allergy;
vegetables with higher vitamin E content to help fight heart
disease; and “golden rice” genetically engineered to
contain vitamin A and iron to prevent common nutritional
deficiencies in developing countries.

Reduce costs of food or drug production : With the
increased use of GM crops, food production increases and
increased supply reduces the prices of food. Certain GM
crops are under development especially to produce
vaccines, which is important to protect people’s health in
developing nations during epidemics. GM insulin is being
used by humans since 1970, but there was no single
report indicating the hazard. Recently developed vaccines
Covishield and Covaxin against COVID-19 are also a
product of modern biotechnology.

Greater food security : A study by Qaim and Kouser on
genetically modified crops and food security in four
different states like Maharashtra, Karnataka, Andhra
Pradesh, and Tamil Nadu has revealed that the adoption
of GM crops has reduced the food insecurity problem by
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Fig-1 : Food grain production in India (statista.com).
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Fig.-2 : Increasing trend of population in India (macrotrends.net)

15-20% and total calorie consumption has increased by
74kcal per AE and day per ha of BT cotton. ISAAA in a
report mentioned that the continuous adoption of biotech
crops for 24 years can be a solution to poverty,
malnutrition, food insecurity, crop disease, and climate
change problems.

Regulatory process of GM crops in India : Like a coin
has two sides, every technological innovation has its own
set of benefits and risks. The government of India has
developed a model for regulation of safety of GM crops,
the process follows the steps-the applicant i.e. seed
companies or plant breeders, it develops a new transgenic
crop, and the first step is to apply for approval with all the
details about the crop and characteristics developed to
Institutional Biosafety Committee (IBSC). Fig.-5 shows the
flowchart for regulation of GM crops in India.

The application is screened and on approval
forwarded to the review committee on genetic
manipulation (RCGM) with information on experimental
designs. The RCGM conducts biosafety research level |
(BRL-1) trails if approved biosafety research level-ll
(BRL-II) trails are conducted. Based on the plant species/
gene combination, several locations for BRL-Il are
decided. If approved by GEAC, the crop is allowed for
commercialization, if not it is considered again. The role of
the Central compliance committee (CCC) is to monitor the
field trials of RCGM and GEAC. There should be approval
of RCGM and GEAC for a person to establish confined
field trails.

Role of extension in transfer of GM crops : Any
improved technology should diffuse through the value
chain for the successful transfer of technology and it is the
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Fig-.3 : Top countries cultivating biotech crops (ISAAA).
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Fig.-4 : Most adopted BT crops (ISAAA).

role of extension personnel to diffuse the technology,
there is always a gap in extension, where the technology
is transferred to the only farmer and the remaining
stakeholders like input dealers and consumers are not
know about the technology, thus new technology should
be diffused to all stakeholders related to the technology. It
is known that the adoption of GM crops has always been
inconsistent, due to the wrong perception of farmers and
consumers about them. The major stakeholders involved
related to GM crops are input dealers, farmers, service
providers, and consumers.

Input dealers : Even if farmers want to adopt new
technology, the accessibility and availability of the
technology are lacking, hence many times there is a
failure in the adoption of new technology. It was found that
the information received by farmers from progressive
farmers and input dealers was adopted more (Babu et al.,
2012). However, most Agri-input dealers have insufficient
knowledge about GM crops so extension personnel has to
provide neat scientific information and understanding
about GM crops with knowledge about location-specific

Applicant

1BSC
Forwarding applications forapproval of RCGM

RCGM

Review of greenhousa/ lab research data,
recommend conduct of confined fie'd trials (event
selection and BRL-1 trials/ seed production) on the
selacted varietias/ hybrids and review and approve

pratocol for conducting Eiosafety studies e
Visit fiald trial sites and inspect facilities
to ensure compliance

GEAC
Approves conduct of confined field trials including
BRL-II, seed production and review of safety of

erentinagiven background PR <tkeholder/ Expert consultation

Consderation for emvironmental release or
otherwise

Fig.-5 : Regulation flow chart of GM crops
(www.geacindia.com)

crops and varieties. As BT cotton was adopted by a large
number of farmers, there was monotony in seed
companies and prices were raised, the government to
make seeds available to all marginal and small farmers,
there were regulations in the prices of seeds, hence there
is a need to provide input dealers about laws about the
regulation of GM crops. After the popularization of BT
cotton seeds many duplicate seeds were available in
markets and farmers faced a problem, so the dealers
should also know the proper source of obtaining GM
seeds.

Farmers : Farmers are the most important stakeholders
whose adoption affects the success of GM crops. The lack
of knowledge about new technologies causes a major
barrier to their acceptance (Cardello et al., 2007). The
extension personnel initially had to provide awareness
about the GM crops and then explain to them the scope
and importance of GM crops in providing food security and
increasing the income of farmers. Then training about how
to cultivate GM crops should be provided, Motivating
farmers to adopt GM crops by explaining the results of
field trials, lack of financial sources is considered as one of
the main reasons why the small and marginal farmers
have not adopted the technology so financial support and
subsidies to a farmer for growing GM crops.

Service providers : Any improved technology without
proper marketing is a loss. So the people in the middle of
farmers and consumers should also be provided training
about knowledge and preference of GM crops by farmers
and consumers, explaining the different marketing
channels for distribution of the products, and conducting
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exhibitions to provide the latest information about GM
crops. It is also important to provide knowledge about the
importance and value of GM crops in other countries so
that the middlemen can export the products and gain
profit.

Consumer : These are the second main stakeholders
who are important in the success of an innovation, a
technology after successful production and when there is
no demand for the product then it is waste, so the
consumers should also be provided knowledge about GM
crops. The biggest concern of consumers is risk. Public
perception and acceptance are dependent on trust and
whether the products or processes benefit them as
citizens and consumers. The extension personnel should
hold meetings and educate the importance and
advantages of GM crops and explain the regulatory
process followed by the government to assure the safety
of GM crops for consumption purposes. The extension
personnel should gain trust and help them overcome their
prejudice.

Conclusions

The utilization of genetically modified organisms is
significant to fulfill expanding needs and further develop
existing circumstances common in our current
circumstances. We are at a restless crossroads where, on
one hand, we are confronted with remarkable dangers to
human wellbeing and climate, while then again we have
chances to change the status quo done. Guidelines
concerning the utilization of GMOs need a more extensive
reason for the choice. By considering the facts about GM
crops as solutions to problems and believing in safety, the
adoption and introduction of transgenic crops should be
increased in India. Endeavors should be advanced for
appropriate preparation of farmers about GM innovation
for legitimate reception and increment of income and food
handling.
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Abstract

The present study was conducted with a prime objective of finding acceptability and marketability of diversified products
developed from Chokla wool. Diversified products using Chokla wool were developed at Maharana Pratap University of
Agriculture and Technology, Udaipur and after development of all the products they were evaluated for their acceptability and
market potential. Preference for to be developed diversified products was taken from twenty old age persons suffering from
multiple arthritis. By scoring and ranking method top six most preferred products were developed at College of Home Science,
Udaipur by researcher viz. Chest warmer pad, Upper back supporter, Lower waist belt, Wrist belt, Knee pad and Ear muff.
These products were developed using Chokla wool in pure and blended form. Each product was duplicated into three. For first
product Chokla wool was used in pure form, for second product seventy per cent Chokla and thirty per cent nylon was used,
whereas for third product fifty per cent Chokla and fifty per cent nylon was used. Further these products were given to twelve
respondents suffering from multiple arthritis. Each product was given for a wear trial for three days, and responses were

collected on suitability scale using five point rating scale.

Introduction

Fibre has been of great importance to man and rank
second only to food in their usefulness. India is among the
highest livestock holding countries in the world. Rajasthan
accounts for more than fifty per cent of the total sheep
population. Rajasthan is the biggest wool-producing area
in India. The sheep-wool from Rajasthan is considered
best for carpet making industry in the world. Chokla
(Chapper, Shekhawati) found in Churu, Jhunhunu, Sikar &
border areas of Bikaner, Jaipur and Nagaur districts of
Rajasthan. This sheep is light to medium-sized, Face is
generally devoid of wool and is reddish-brown/dark brown
in colour; Skin is pink, Ears are small to medium in length
and tubular, Coat is dense, both sexes are polled. Its wool
is extremely white and lustrous. Bikaneri Chokla wool
deemed to be the best carpet wool in the world. The
characteristic of Bikaneri Chokla wool suits to the
requirement of ideal carpet in terms of micron, length,
strength and resilience. The wool produced by Chokla
animals is heterogeneous in quality and generally mixed
with coarser fleece of other sheep for their utilization as
carpet wool (Prajapati et al. 2012).

Physical properties of Chokla wool fibre are as
follows :

Staple length (cm) 4.70 + 0.07 (655)
Average fibre diameter (u) 28.22 + 0.20 (720)
Medullation (%) 24.01 + 0.62 (656)

Fibre density (cm2) 1 008.7 + 46.5 (24) (Kumar et al.
2012).

Chokla wool is coarser in nature which delimits its
uses in textile sector. At present Chokla wool is only used
in the field of carpet and rug making. It is well known that
apparels cannot be made using Chokla wool, this is why
Chokla wool is only used for carpet and rug making.
Efforts have been made to diversify uses of Chokla wool,
with keeping in mind that developed products should have
enough market potential. In this study quilting technique
was used for the development of diversified products,
because by using this technique wool does not come in
direct contact with the skin of the wearer. For
development of diversified products Chokla wool was
used in both pure and blended form.

Materials and Methods

(A) Locale of the study : The study was conducted at
Bikaner because Researcher belongs to Bikaner and is
well conversant with the local language. Diversified
products have been developed at College of Home
Science. Udaipur.

(B) Selection of the sample

(i) Sample for wear trial of developed diversified
products For this purpose 12 respondents were
selected who were wiling to take wear trial of the
developed diversified products.

(ii) Sample to evaluate marketability of the developed
diversified product:

(a) Those respondents who were selected for the
wear trial

(b) Ten market personnel dealing with sale of these
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Table-1 : Preference scores for developed diversified products and their relative ranking. N=12

S. No. Criteria of evaluation Lower Upper Wrist belt Ear muffs Knee pad Chest
waist belt back warmer
supporter pad
1. Grip 54 52 51 45 52 43
2. Thickness 57 53 45 46 55 50
3. Warmth 58 59 55 57 54 57
4. Shape and size 53 51 50 52 46 43
5. Comfortability 56 54 53 51 49 47
6. Support the muscle 58 55 49 44 46 45
7. Protect the affected area 58 54 49 50 52 48
8. Do not hinder the movement 54 50 49 48 29 44
9. Easy to put on 56 53 54 51 50 51
10. Easy to put off 57 53 52 59 51 48
11. Easy to maintain 56 52 50 50 48 50
12. Fastener used is comfortable 58 55 54 52 50 40
13. Suitability of the design 57 57 51 53 48 47
14. Utility of product 59 54 53 55 51 50
15. Overall appearance 58 56 55 51 53 50
Total (900) 849 808 770 764 734 713
Percentage 94.34% 89.78% 85.56% 84.89% 81.55% 79.23%
Rank 1 2 3 4 5 5
Table-2 : Estimation of production cost of the developed diversified product. N=22
S. No. Criteria of cost Chest Earmuffs Knee Wrist belt Lower waist Upper back
estimation warmer pad pad belt supporter
1. Cost of fabric (Rs.) 40 6.5 24 16.5 50 55
2. Raw material cost (Rs.) 12.5 15 8 15 32 40
3. Velcro (Rs.) 15 0 15 3 15 15
4. Wire (Rs.) 0 3 0 0 0 0
5. Labour cost (Rs.) 37 10 28 10 75 75
6. Total (Rs.) 91 21 75 31 172 185

types of products judged the products for its market
acceptability.

(c) Development of tool : Keeping in mind the objectives
of the study two structured interview schedule and two
preference rating scales were developed.

Suitability assessment rating scale : A five point
consumer preference rating scale was developed to
identify sutability regarding the use of diversified products
developed from Chokla wool. It consists of following
parameters for consumer assessment : Grip, Thickness,
Warmth, Shape and size, Comfort, Support the muscle,
Protect the affected area, Do not hinder the movement,
Easy to put on, Easy to put off, Easy to maintain etc.

Rating criteria was as follows :
e Most preferred -5
e More preferred - 4
o preferred - 3
e Less preferred - 2
e |east preferred - 1

Evaluation for market potential : To assess the market
potential of developed diversified products researcher
estimated cost of the products. After this a rating scale
was developed consisting of statements related to market
potential of developed products by 22 respondents
including ten market persons and twelve old age persons
suffering from multiple arthritis. Following parameters
were used by the researcher to find out cost of the
developed products.

e Cost of fabric

e Cost of raw material and accessories

e Labour cost

e Profit
(d) Procedure of data collection

Development of diversified products : On the basis of
preference of the respondents most preferred six products
were developed namely: chest warmer pad, ear muff,
knee pad, wrist belt, knee pad, lower waist belt and upper
back supporter using quilting technique. Each product
was duplicated in three viz. 100 per cent Chokla wool, in
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Fig. -1: Profit gained by developed diversified products

second 70 per cent Chokla and 30 per cent nylon was
used and in third product 50 per cent Chokla and 50 per
cent nylon was used. There by making a total of 18
products. Skin colour spun fabric was used to prepare
products.

Assessment of suitability of developed diversified
products : Each of the product were independently rated
using five point rating scale (consumer preference rating
scale) by all the twelve respondents who also participated
in wear trial of developed diversified products.

Assessment of market potential : In order to assess the
market potential of the developed diversified product
market potential rating scale was used. For this
researcher selected ten market personals dealing with
sale of these type of products and twelve old age persons
who were selected for trial of developed products.

Then the profit percentage was added to the net rate
in three categories i.e. 20 percent, 30 percent and 40
percent profit. These rates were shown to respondents
and most acceptable rate was decided.

(e) Analysis of data : After collection of data the same
was coded and analyzed:

1. Frequency : Data obtained from structured interview
schedule was expressed in frequency.

2. Percentage : The data obtained from structured
interview schedule tabulated according to the scores/
frequency and converted into percentage.

3. N : Sample size

Results and Discussion

This section of the study set worth clearly and precisely
the findings and interpretation in the context of major
objectives of the study, thus providing a bird eye view of
the complete study, which makes this section as most
significant and critical part of the research work. The data
have been organized and analyzed by taking into account
the objectives of the study. All the pertinent information
has been categorized and reported under following major
sections :

The data in the table reveals rank obtained by all
diversified products. It was found that lower waist belt
obtained first rank followed by upper back supporter with
second rank, third position was secured by wrist belt and
earmuff, kneepad and chest warmer pad got forth fifth and
sixth position by their relative ranking. All products scored
more than 79 per cent for all parameters.

Marketability of developed diversified product : In
order to access the market potential for the developed
diversified products researcher estimated the cost all
diversified products and rating scale was developed.

The findings of Table-2 and show that the
production cost of the selected diversified products. The
market price of upper back supporter found to be highest
i.e. 185 rupees including cost of fabric, raw material cost,
Velcro, wire and labour cost. Whereas lower waist belt,
chest warmer pad, knee pad, wrist belt and earmuffs cost
was estimated 172, 91, 75, 31 and 21 rupees
respectively.

The labour cost was decided according to the
minimum wages paid in India to a skilled worker. The cost
for developed products was calculated according to time
consumed in production of each product. Earmuffs and
wrist belt both took 30 minutes where knee pad was
developed in one and half hour and chest warmer pad
took two hours at the same point both lower waist belt and
upper belt supporter were large in size compared to all
other developed products, and it took four hours of time to
develop them. As expertise to develop the product
increased, time consumed for the development of the
product can be reduced. Production cost of each
developed product can also be reduced by developing
more number of articles.

After cost calculation, the products were shown to
total 22 respondents,12 respondents who took trial of
developed diversified products and 10 market personnel’s
to access the market potential. Findings of table 4.35
reveals that 59.84 per cent respondents gave preference
to 20 per cent profit whereas 28.03 per cent respondents
were ready to give 30 per cent profit and 7.57 per cent
respondents were willing foe 40 per cent profit and only
4.54 per cent were ready to give more than 40 per cent
profit for the products. The result reveals that all
developed products have enough market potential.

Conclusions

In this study researcher developed products like lower
waist belt, upper back supporter, knee pad, ear muffs,
wrist belt and chest warmer pad and assessed the
suitability using five point preference rating scale. All
developed products were highly appreciated for their
unigueness and usefulness. Respondents who took trial
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were highly satisfied with construction of products; they
found them very comfortable and warm. Lower waist belt,
upper waist belt and knee pad provided relief from pain
and at the same time earmuff and chest warmer pad
protected against cold. Further when these products were
evaluated for market potential it was found that most of the
respondents were ready to give 20 per cent profit all
developed products and remaining respondents were
even ready to give more than 20% profit. Efforts made by
researcher were appreciated by all.
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Abstract

Studies the life table of C. zastrowi sillemi was carried out at constant temperature of 25 + 1°C on mustard aphid (L. erysimi)
during the year 2020-21. The maximum duration of egg, larva, pre-pupa and pupa were observed as 4, 13, 2 and 4 days,
respectively. The net reproductive rate (R0) of 66.81 was obtained with a mean length of generation (Tc) 43.85 days. The
intrinsic rate of natural increase in numbers (rm) was 0.0958 females per female per day and the population was multiplied
2.0762 times per week. On reaching the stable age distribution the eggs, larvae, pre-pupae, pupae and adults contributed to the
tune of 38.95, 47.93, 2.6, 3.84 and 6.64 per cent, respectively. The expectancy of further life was 13.59 days at the time of adult

emergence.

Key words : Chrysoperla zastrowi sillemi, life table, mustard aphid.

Introduction

Lacewings or net-winged insects (Neuroptera:
Chrysopidae) are soft-bodied insects, most commonly
medium-size, comprising about 6,000 species in 18
families. Lacewings include mantispids (mantisflies),
green lacewings, owlflies, antlions and their relatives.
Order Neuroptera consist three suborders:
Hemerobiiformia, Myrmeleontiformia and Nevrorthiformia.
Suborder Hemerobiiformia comprises 11 families and
Chrysopidae are one of them. Worldwide, it consist 1200
species (Devetak and Kral, 2016). In India, 65 species of
chrysopids belonging to 21 genera have been recorded
from various crop ecosystems. Some species are
distributed widely and are important natural enemies for
aphids (Yadav et al., 1998). Life table studies are useful in
determining the stage in the life cycle of the pest, which
contributes to the trend of population. It also determines
the reproductive ability and biotic potential, in addition to
development of statistics to explain population increase
(Birch, 1948 and Howe, 1953).

Materials and Methods

For constructing the life table, the culture of C. zastrowi
sillemi was maintained at constant temperature of 25 +
1°C using B.O.D. incubator at AICRP on Biological control
of Crop Pests, AAU, Anand during the year 2020-21.
Freshly laid 100 eggs were collected from the cage with
the help of wet camel hair brush and placed in 10 Petri
dishes in batches of 10 each. The eggs were put on the
slides in one row to facilitate observations on hatching.
Fresh food was provided daily in the morning to the newly
hatched larvae. All the larva after hatching was reared

individually on mustard aphids. Observations on hatching,
total larval development, formation of pupae, emergence
of adults and fecundity of females was recorded daily. Age
specific mortality in different developmental stages such
as eggs, larvae, pre-pupae, pupae and adults were
recorded. With a view to determine the age specific
fecundity, total number of adults emerged on the same
day were kept separately in oviposition wooden cage for
oviposition. Number of eggs laid on subsequent days were
recorded. The observations on fecundity were continued
till all the females died. The female birth was calculated
according to the sex ratio. Life tables were constructed
according to the methods of Atwal and Bains (1974).
Stable age distribution was worked out by observing the
population schedule of birth rate and death rate (mx and
Ix) when grown in limited spare.

Results and Discussion

The data pertaining to work out the number of individuals
survived during development on mustard aphid (L.
erysimi) are presented in Table-1. The number that
survived from 100 eggs to adult emergence was 64
individuals. The maximum duration of egg, larva, pre-pupa
and pupa were recorded as 4, 13, 2 and 4 days,
respectively. Life fecundity table was constructed to
determine the survival of female (Ix) and age specific
fecundity (mx). Data from Table-2 indicated that
pre-oviposition period was between 23rd and 29th days of
pivotal age. Female started laying eggs after 30th day and
it continued till death of the female adult, after 30th day the
Ix values being 0.64 and it was decreased at the end of
life. The females contributed the highest number of
progeny (mx= 8.61) on 47th day of pivotal age, which


mailto:dabhimr2004@aau.in
mailto:dabhimr2004@yahoo.co.in

304 Frontiers in Crop Improvement 10 (Special Issue-l) July 2022

Table-1 : Survival of different life stages of C. zastrowi sillemi reared on mustard aphid, L. erysimi.

Sr. No. No. of eggs Number of individual survived at different stages
Egg (0-3 days) Larva (4-16 days) Pre-pupa (17-18 days) Pupa (19-22 days)
1 10 10 8 8 8
2 10 10 6 6 6
3 10 10 7 7 7
4 10 10 8 6 6
5 10 10 10 8 8
6 10 10 7 7 7
7 10 10 9 8 7
8 10 10 7 6 6
9 10 10 7 7 7
10 10 10 7 6 6
Total 100 100 76 69 68

Table-2 : Life table and age specific fecundity of C. zastrowi sillemi reared on mustard aphid, L. erysimi (for female).

Pivotal age in days Survival of female at Age schedule for lymy xhmy
(x) different 8g)e interval female births (m,)
0-22 Immature stages

23-29 Pre-oviposition period

30 0.64 0.77 0.49 14.78
31 0.64 1.27 0.81 25.20
32 0.64 1.85 1.18 37.89
33 0.63 2.55 1.61 53.01
34 0.63 3.50 2.21 74.97
35 0.63 3.97 2.50 87.54
36 0.63 417 2.63 94.58
37 0.62 4.51 2.80 103.46
38 0.62 5.30 3.29 124.87
39 0.62 5.97 3.70 144.35
40 0.58 6.17 3.58 143.14
4 0.53 6.46 3.42 140.38
42 0.47 6.97 3.28 137.59
43 0.37 7.32 2.71 116.46
44 0.37 7.42 2.75 120.80
45 0.37 8.03 297 133.70
46 0.36 8.23 2.96 136.29
47 0.36 8.61 3.10 145.68
48 0.36 7.67 2.76 132.54
49 0.35 7.34 2.57 125.88
50 0.35 6.92 2.42 121.10
51 0.35 6.54 2.29 116.74
52 0.35 5.54 1.94 100.83
53 0.35 4.97 1.74 92.19
54 0.34 4.1 1.40 75.46
55 0.34 3.66 1.24 68.44
56 0.33 2.88 0.95 53.22
57 0.32 2.69 0.86 49.07
58 0.31 2.22 0.69 39.92
59 0.31 1.89 0.59 34.57
60 0.30 1.36 0.41 24.48
61 0.30 1.32 0.40 24.16
62 0.29 1.16 0.34 20.86
63 0.23 0.77 0.18 11.16
64 0.14 0.47 0.07 4.21
65 0.04 0.12 0.0048 0.31

Total 66.81 2929.81
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Table-3 : Mean length of generation, innate capacity for increase in numbers and finite rate of increase in numbers of C.
zastrowi sillemi reared on mustard aphid, L. erysimi

Sr. No. Growth statistics Formula Calculated values
1. Net reproductive rate Ro = Ixmx 66.81
2. Mean length of generation (days) T = Ixmx 43.85

°  Ro
3. Innate capacity for increase in numbers (Females/female/day) me log e™ 0.0958
Tc
4. Arbitrary ‘ry’ (rc) = 0.10 and 0.11 - -
5. Corrected ‘r,y (Females/female/day) e’ — rmx.Ixmx 0.1016
6. Corrected generation time (days) - log e™ 41.36
rm
7. Finite rate of increase in numbers (Females/female/day) A = antiloge™ 1.1069
8. Weekly multiplication of population (times/week) ) 2.0762
9. Hypothetical F, females (Ro)? 4464.03

Table-4 : Age specific distribution of C. zastrowi sillemi reared on mustard aphid, L. erysimi (r,=0.0958).

Host Percentage contribution of various stages
Eggs Larvae Pre-pupae Pupae Adults
Mustard aphid 38.95 47.93 2.63 3.84 6.64

Table-5 : Life table for computing life expectancy of C. zastrowi sillemi reared on mustard aphid, L. erysimi.

Pivotal age Number Number Mortality rate per Alive between No. of the Expectation
(Days) surviving to dying during hundred alive at age ‘x’ and individual’s of further
the beginning ‘X beginning of age ‘x+ 1 life days life
of age interval interval (dx*100/1x) Lo+ 10 beyond ‘x’ Tx <2
2 I,
(x) (Ix) (dx) (100 gx) (Lx) (Tx) (ex)
0-5 100.00 12.00 12.00 100.50 810.00 16.20
5-10 88.00 6.00 6.82 88.50 709.50 16.13
10-15 82.00 6.00 7.32 82.50 621.00 15.15
15-20 76.00 8.00 10.53 76.50 538.50 14.17
20-25 68.00 4.00 5.88 68.50 462.00 13.59
25-30 64.00 0.00 0.00 64.50 393.50 12.30
30-35 64.00 1.00 1.56 64.50 329.00 10.28
35-40 63.00 5.00 7.94 63.50 264.50 8.40
40-45 58.00 21.00 36.21 58.50 201.00 6.93
45-50 37.00 2.00 5.41 37.50 142.50 7.70
50-55 35.00 1.00 2.86 35.50 105.00 6.00
55-60 34.00 4.00 11.76 34.50 69.50 4.09
60-65 30.00 26.00 86.67 30.50 35.00 2.33
65-70 4.00 4.00 100.00 4.50 4.50 2.25

decreased day by day.The net reproductive rate (RO)
(Table-3) was 66.81 with a mean length of generation (Tc)
43.85 days. The corrected generation time (T) and
intrinsic rate of natural increase in numbers (rm) was
41.36 days and 0.0958 females per female per day.
Similar trend was found by Gade (2010). The weekly
population would be able to multiply 2.0762 times per
week. The hypothetical F2 females were worked out as
4464.03. Developmental stage and the stable age
distribution were calculated in Table 4. The data showed

that adults contributed only 6.64 per cent to the population
of stable age and that of eggs, larvae, pre-pupa and pupae
were 38.95, 47.93, 2.63 and 3.84 per cent, respectively.
The life expectancy data (Table-5) clearly indicated that
life expectancy of C. zastrowi sillemi declined gradually
with the advancement of development. The life
expectancy of newly deposited eggs was 16.20 days. The
expectancy of further life was 13.59 days at the time of
adult emergence.
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Abstract

Studies on predatory efficiency of C. zastrowi sillemi was carried out at constant temperature of 25 + 1°C on different host viz.,
mustard aphid (L. erysimi), maize aphid (R. maidis), cotton aphid (A. gossypii), cabbage aphid, (B. brassicae), coriander aphid
(H. coriandri) and cotton mealy bug (P. solenopsis) during the year 2020-21. Among the different hosts first instar larva of C.
zastrowi sillemi fed maximum on cotton mealy bug (151.12 + 1.60), whereas mustard aphid (18.56 + 2.43) fed minimum.
Second instar larva consumed highest number of cotton mealy bug, while among the different aphid species maize aphid
(140.04 + 1.49) fed maximum followed by cotton aphid (134.48 + 8.06). The consumption capacity of predator increased with
the advancement of its larval stage. Thus, third instar larva fed maximum numbers of individuals. Larva of predator fed
maximum on cotton mealy bug (328.36 + 6.41), followed by maize aphid, cotton aphid, cabbage aphid and coriander aphid,

whereas lowest fed in mustard aphid (81.36 + 1.83).

Key words : Chrysoperla zastrowi sillemi, Predatory efficiency.

Introduction

Natural enemies play an important role in agro
ecosystems, offering a valid alternative or integration with
other control methods (Salerno et al, 2002). The
predators are scattered and distributed in about 167
families belonging to 14 orders of class insecta (Sathe and
Bhosale, 2001). Lacewings or net-winged insects
(Neuroptera: Chrysopidae) are soft-bodied insects, most
commonly medium-size, comprising about 6,000 species
in 18 families. Lacewings include mantispids (mantisflies),
green lacewings, owlflies, antlions and their relatives.
Order Neuroptera consist three suborders:
Hemerobiiformia, Myrmeleontiformia and Nevrorthiformia.
Suborder Hemerobiiformia comprises 11 families and
Chrysopidae are one of them. Worldwide, it consist 1200
species (Devetak and Kral, 2016). In India, 65 species of
chrysopids belonging to 21 genera have been recorded
from various crop ecosystems (Yadav et al, 1998).
Sucking pests cause enormous qualitative and
quantitative losses to the various economically grown
crops (Metcalf, 1994). These losses reduce income
drastically and farmers resort to using insecticides, which
not only increases the cost of production but also pollute
the environment. Biocontrol agents have great potential
and it also helps in the development of non-chemical pest
management strategies as there is great need for the
development of a successful Integrated Pest
Management programme (IPM) all over the world. Among
the different biocontrol agents C. zastrowi sillemiis one of
the most beneficial and prolific predator. It is found in
different agricultural habitats with high relative frequency

of occurrence (Awadallah, et al., 1975). C. zastrowi sillemi
is an active polyphagous predator against sucking pests.

Materials and Methods

To determine predatory efficiency, the culture of C.
zastrowi sillemi was maintained at constant temperature
of 25 + 1°C using B.O.D. incubator at AICRP on Biological
control of Crop Pests, AAU, Anand during the year
2020-21. Predatory efficiency of any predator must be
known to study the comparative efficiency of a predator
over other predators. In order to know the predatory
efficiency, a laboratory study was carried out. For this,
total 25 larvae of C. zastrowi sillemi were reared
individually on different hosts viz., mustard aphid (L.
erysimi), maize aphid (R. maidis), cotton aphid (A.
gossypii), cabbage aphid, (B. brassicae), coriander aphid
(H. coriandri) and cotton mealy bug (P. solenopsis) in
plastic vials (4.0 x 3.0 cm) right from first day of hatching
from eggs to the formation of pupae. Initially few
individuals were provided as food but with the gradual
development of larvae, the number of hosts was increased
proportionally. The number of host insects consumed by
individual larva was record daily. The predatory efficiency
of the host was worked out separately. Numbers of
individuals consumed by green lacewing at different
stages of larva were recorded daily.

Results and Discussion

Data on feeding potential of C. zastrowi sillemi on
different hosts are presented in Table-1 and fig.-1. The
data indicated that significantly highest (150.12 + 1.60)
numbers of cotton mealy bug individuals were fed by first
instar larvae of C. zastrowi sillemi. Among the different
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Table-1 : Predatory efficiency of C. zastrowi sillemi on different hosts.
Hosts Mean no. of individuals consumed by respective instars (Mean = SD)
| instar Il instar Il instar Total consumption
Mustard aphid (L. erysimi) 18.56 + 2.43 57.20 = 2.59 81.36 + 1.83 15712 + 5.44
Maize aphid (R. maidis) 48.08 + 1.51 140.04 + 1.49 195.12 + 3.07 383.24 + 3.51
Cotton aphid (A. gossypii) 76.48 + 5.35 134.48 + 8.06 189.80 + 12.77 499.76 + 25.34
Cabbage aphid (B. brassicae) 51.76 + 2.75 86.84 + 3.98 150.12 + 4.07 288.72 + 10.59
Coriander aphid (H. coriandri) 41.68 +3.08 93.60 + 11.40 126.04 + 7.25 261.32 + 20.42
Cotton mealy bug (P. solenopsis) 150.12 + 1.60 312.44 + 11.19 328.36 + 6.41 790.92 + 15.51
S. Em = 1.37 3.39 3.08 7.04
C.D. at 0.05% 4.00 9.89 9.01 20.55
C.V. (%) 4.76 5.52 3.87 4.14
200
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Fig.-1 : Predatory efficiency of C. zastrowi sillemi on six different hosts.

species of aphids, first instar larvae of C. zastrowi sillemi
consumed maximum (76.48 + 5.35) numbers of cotton
aphid. The larvae also ate in large numbers (51.76 + 2.75)
on cabbage aphid, which is statistically comparable to
maize aphid (48.08 + 1.51). The first instar larvae fed an
average of 41.68 + 3.08 and 18.56 + 2.43 coriander and
mustard aphids, respectively. In case of second instar
larva, maximum number of individuals fed on cotton mealy
bug (312.44 + 11.19). Among the various aphid species,
maize aphid the highest number of individuals devoured
(140.04 + 1.49) and is statistically at par with cotton aphid
(134.48 + 8.06). The consumption of cabbage aphid and
coriander aphid by predatory second instar larvae was
86.84 + 3.98 and 93.6 + 11.40, respectively, and both
were comparable, but significantly minimum consumption
was found in mustard aphid (57.2 + 2.59). Cotton mealy
bug consumption was highest in third instar larvae of C.
zastrowi sillemi (328.36 + 6.41). Both treatments for maize
aphid (195.12 + 3.07) and cotton aphid (189.8 + 12.77) are
statistically at par. Cabbage aphid and coriander aphid fed
by C. zastrowi sillemi third instar larvae were 150.12 +
4.07 and 126.04 + 7.25, respectively. The mustard aphid

had the least number of predation (81.36 + 1.83). The third
instar larvae consumed more number of individuals as
compared to the first and second instar larvae. Total
number of hosts fed during the entire larval period was
varied from 157.12t0 790.92. It is evident from Table 4.36,
the maximum (790.92 + 15.51) numbers of cotton mealy
bugs were fed by the larva of C. zastrowi sillemi followed
by cotton aphid (499.76 + 25.34), maize aphid (383.24 +
3.51), cabbage aphid (288.72 + 10.59), coriander aphid
(261.32 + 20.42) and mustard aphid (157.12 + 5.44). The
C. zastrowi sillemi consumed significantly more number of
individuals of cotton mealy bug, while cotton aphid and
maize aphid were statistically at par with each other.
Cabbage aphids were found to be somewhat favourable
host. Both the coriander and mustard aphids proved to be
least favourite hosts. The findings of the current research
matched those of Xian and Chen (2001) and Chakraborty
and Korat (2010) on L. erysimifor the predatory efficiency
of C. zastrowi sillemi. Similarly, Vivek et al. (2013)
reported on A. gossypii and R. maidis. According to
Aggarwal and Neetan (2014) and Bhojani et al. (2017) the
first, second and third instar larvae of C. zastrowi sillemi
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consumed maximum on P. solenopsis, which is more or
less similar to present findings. Similar data recorded by
Panth et al. (2017) when fed on cabbage aphid (B.
brassicae). Farhan et al. (2019) found that the third instar
larvae of C. zastrowi sillemiwas very voracious feeder and
fed large number of aphids. Dikshakumari et al. (2020)
assessed predatory efficiency of C. zastrowi sillemi on A.
gossypii, which is closely related with above results. From
above observations it is evident that among the six
different hosts evaluated, cotton mealy bug was found to
be favourable host for C. zastrowi sillemi which is close
conformity with the results of Zahi et al. (2017). Yadav and
Pathak (2010) also reported that the mustard aphid was
least preferred host for the predator in laboratory
conditions, which is in agreement with the present
findings.
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Abstract

A study was conducted to know the effect of age of seedling, time of planting and plant spacing on growth and flower
productivity of China aster during 2019-2020 and 2020-2021 at Krishi Vigyan Kendra, Pithoragarh. The experiment was laid out
in a split plot design, by allocating the combinations of age of seedlings (A) and time of planting (T) in the main plots, and plant
spacing (S) in the sub-plots with three replications. The results revealed that there were significant role of age of seedling, time
of planting and plant spacing in comprising the agro-techniques for flower crop of China aster. For a productive and profitable
crop of China aster used five weeks old seedling for transplanting and it should be sown early, i.e. near about June, 1st(1stweek
of June). On the basis of grading of marketable floral heads the wider plant spacing 40cm x 40cm is best for obtain the higher

net profit in quintal per hectare.

Introduction

China aster (Callistephus chinensis L. Ness] is one of the
most valuable garden flowers. It is excellent for use in
loose flower, cut flower and also landscaping. Therefore,
there is a strong need to boost the production of this flower
crop. The increased productivity of flower crop can
appreciably be achieved through adoption of improved
cultural practices. It has been established that age of
seedlings, time of planting and plant spacing play an
important part in overall improvement of growth, yield and
flower quality in many flower crops. Age of seedlings is
one of the most important factors which affect the
performance of any ornamental crop under cultivation. It is
highly responsible for difference in yield, earliness, size
and growth characters (Work and Carew, 1955) as well as
a definite time of planting for exhibited its best
performance in respect to growth, development and the
best blooms of high shelf-life of cut flowers is one of the
factors. Plant density not only influences the growth and
development but also play an important role in production
and quality of flowers. This also varies according to
cultivar, place and time of planting which enables the
plants to express their capabilities in terms of quality,
quantity and vase-life of flower. In the light of it, therefore,
felt desirable to extent the work on China aster to study the
effect of age of seedling, time of planting and plant
spacing in all possible combinations on growth,
development and flower productivity of China aster.

Materials and Methods

Experiments were carried out at the Farm of Krishi Vigyan
Kendra, Pithoragarh during 2019-2020 and 2020-2021.
The three treatments of age of seedlings, four treatments

of time of planting and three treatments of plant spacing,
included hereby, formed thirty-six combinations, which
were compared in split plot design, by allocating the
combination of age of seedlings and time of planting (A x
T) in the main plots, and that of plant spacing (S) in the
sub-plots with three replications.

The seedlings of China aster after attaining the age
of 4, 5 and 6 weeks in nursery were transplanted at 20cm
X 20cm, 30cm x 30cm, and 40cm x 40cm apart on June
1%, June 8", June 15™ and June 22", respectively in
2019-2020 and 2020-2021.

After thorough preparation of soil in the experimental
plot, viz; A-7 in both the year of investigation, FYM was
added as basal dressing at the rate of 3 Kg/m? of land.
Urea, single super phosphate (SSP) and muriate of
potash (MOP) were used to supply the N, P and K
respectively, according to the recommended doses of N,
P and K. The full amount of SSP and MOP fertilizers was
applied along with half amount of urea prior to
transplanting as basal dressing. The remaining amount of
urea was applied as top-dressing 45 days after
transplanting (DAT). Observations pertaining to different
parameter of growth and flower productivity were
recorded time to time and data were analyzed statistically.

Results and Discussion

Plant growth and development of any crop depend on
climatic conditions, photoperiod, temperature, sunshine
hours and growth reproductive phase in their own way
depending upon the plant species Patil et al. (2005).

Age of seedling : The growth, development and flower
productivity were significantly affected by the age of
seedlings. This was because of seedlings of various ages



311

D.K. Chaurasia et al.,

%S

¢/V0 /620 00  060'F 6500 6200  ¥EO0 9500 8000 8000 9000 GO0  OOO  ZIOO 600 G200 G900 }c0'0 G000  S000  6€00  €L00 @l
1900 040 S10°0 €6€°0 200 0100 [4100] 0200 €000 €000 ¢00°0 G000 €000 9000 LHEO 6000 €200 1000 1000 1000 7100 ¥00°0 Fw3s
0966 /866 096 606 09¢8 €188 108L  L0'6L 0y 86°C €16 €e0L  ¥9Ch  €9vL  ¢6LE  6YWY  69/8 0818 00k [N €L1E  69'ly £s
1686 ¥¢'66 80'G6 0596 G9¢8 12'L8 0€'LL 10'8L 16'¢ c6'e S0'6 20l bWek yAAAS ¥0'LE ey 6698 12’18 860 80} Ge'ce 9G¥y ¢S
LLv8  LVI8 9908  L¥8L  GCML F9'bL 6979 0L'99 €6°¢ c0e 668 6e'8 60'G cl'6 lgSc 86/  0SvL  ¥0°0L 96°0 ¥L°0 28ee  02Sh 'S
%S
€leo  99¢0  /¥00  vee'h 9800 /200  G¥00  £900 L0000 6000  0LOO  ¥OO  OLOO0  LKOO  CEE0 200 1800 8100 L0000 9000  ¥¥0'0  9L00 ¥ dD
¢l00 17430 G100 160 6200 6000 G100 €200 €000 ¢000 €000 000 €000 G000 €10 8000 €00 9000 ¢00°0 €000 6v10 G000 Fw3s
9L°16 ¥9°06 1£°88 0,28 Sv'LL ¢9'6. 1871, ¢cel 178 0S¢ 17’8 7’6 89°60 154" ch'ie 65°9¢ 62'18 gL 980 16°0 ¥0°0¢€ 8Lch 4
G0'€6 89'¢6 19'68 ¥0°06 Ly'8L 9,18 08'¢cL 06°€L 68'¢ 69°¢ ¢0'6 896 98'60 c9¢ch 8G9°2¢ 69'LE Ly'c8 0LLL ¥6°0 G6'0 691 veey £l
vLv6  ¢e¥6  GEI6 9916 ¥96L  €2€8  wLEL  9¥'GL S0y 89°¢ 826 €L'6 GLoL  96ck  Sk¥E  0€6E  69€8  LI'BL 10} L'k 182¢  8l'vh °L
28'96 1096 ¢6¢c6  Lk'E6  ¥808  G9Y8 667, 189 ey L1 196 68'6 vS0L 92k 8LSE  260F  08Y8  GC6L 80’k ¥0'L 9ve  L0Gh L
%S
€leo L0 Zv00 9L G000 200 600 8500 9000  L000 6000 ¢00  OLOO0  LKOO  gCEE0 200 1800 8100 9000 G000 8800 YOO 1 dD
¢L00 8010 G100 06€°0 G200 8000 €100 6100 €000 ¢00°0 €000 000 €000 S00°0 €0 8000 1200 9000 1000 1000 ¢l00 ¥00°0 Fw3s
0/¢6  /g€6  LL06 9906  ¥.8. 00C8  vee€L  6CYL 66°¢ 19°¢ /88 696 050L 9vck  86tE  GFLE  Cge8  CllL 96°0 160 Liee 18y fy
LELOE 8YI0L G296 ¢8'96 SE'Y8 G8'88 1§ LL 68'6L 697 10y €50} €0} L'} el 1168 £9'GY 7188 9818 8¢t Skl £6'LE €0'Ly oy
ly/8 ¢rs8  LLv¥8  69€8  Gev.  609L G¢69 1969 ve'e €2°¢ LLL 006 1820 eVLL 8Y8C 08¢  ¢8LL  LBEL 690 180 69'9¢ 18'6€ '
1202 0202 1202 0202 1202 0202 1202 0202 1202 0202 1202 0202 1202 0202 1202 0202 1202 0202 1202 0202 1202 0202
-0c0¢  -6l0¢  -0c0c  -610¢  -020¢ -6L0C  -0¢0C  -610¢ -0C0c  -610C -020¢ -6L0c  -020C  -610¢ -020¢ -6L0C  -020C  -6L0C  -0C0C  -610C  -020C  -6L0C
Bujwoolq
speay [eJo)} 1} jo png Jamoyy sl
Jo }saAJeYy Y}  JUBWIDUBWWOD ¥eaiq Inojod jo Aunqisia ayy (wo) (wo) eid
10} paiinbai Jo} paiinbai 10} paiinbai J1o} painbai Jea| isabuoj Jea| 1sabuo) uerd sad Jad sanes) wa)g urew sjusw
(sAep) uoneing  (sAep) uoneing  (shep) uoneing  (sAep) uoneing ayl jo yipim ay} jo yibuan s|esaje| jo ‘oN peaids jueld jJo JaquinN jJo Jajawelq wbiay jueld Jeal]
‘Bujoeds juejd pue Bunueld jo awn ‘Buljpass jo abe Aq pasuanpul se [ssaN *(7) sisuauiyo snydasjsijjes] 1sise eulyd jo juawdojanap pue ymmody) : -a|qel



Frontiers in Crop Improvement 10 (Special Issue-l) July 2022

99 G6 54 6l %S
€00 ¥200  €lek  29sk  viel 0L 00 ¥L00  GL00 200 €420 9900  9€¥'0  ¥€00 9000  ¥000  Zeg0O  0LOO 900 6000 9000 L0000  9¥00 00O ¥ @D

¢l00 8000  6ELy  8E'9S leey legy 9000  ¥00'0 G000  ¥000 8.0 €00 LGS0  <¢l0'0 €000 1000 6000 €000 G000 €000 2000 2000 000 €000 - FW3IS

c6 A 89 08 6 L
G99 or'G lGeLL  196LE  1S9LL  ¥9Eslt Sky 6.8 8¢ LS €L L'cel  €L9¢  6E'6C 9€'0 €e'0 ¢St 0901 6v'L L8 05, 181 8v'L 6€L €S

L2 €L 8¢ 34 8 L
8v'L 9c'LE ¥OSIG  9l9LL  ¢S90€  60SLE  ¥L'9 orok 9y 619 G ¢Sl €69  9€8¢ Ge0 ce0 6ELL 0501 WL 6¢'L WL 6cL v 1L as

0eL 6 e €8
9501 l9el €8l PPOSL  6991G  ¥02ES 9y Sv'g YLy 929 €V vIL L6l 6271C 920 cc0 LL6 vE'6 €99 €59 €99 ¥9'9 €e'9 259 IS

8E [ LS 80 %S
1200 ¢200  €8LL  ve6l S¥ee <¢0€L  ¥200 200 6100 0200 l00'L 200 2990  <¢e00 L0000 8000 €00  ¥LOO  LIOO 100 9000 100 1600  <¢l00 ' ad

6000 000  ¥EOF L1989  6E€vy  6EYy 8000 6000 9000 9000 We0 200 610 bL0'0 2000 2000 200 ¥00'0  S000 €000 €000 €000 L0 ¥O00  FW3S

L6 eikc} 60 Sy
¢09 cl'6  €68.G <¢c8e8  66LLE  2G9¢cE  LEW 0cL 6L°€ 89'G 8Lv8 9896  €Llc  99VC 10 120 6901 €6'6 96'9 269 96'9 26’9 §6'9 €6'9 vl

1'6 99 a8 1S L
L9 896  ¥EB09  999¥8  ¢l8CE  LglEE 06 8L 96°¢ 08'G €ce6 L0l cr'ec  ¢9Ge c€0 820 88°0L 800 60°L 0L 602 0L 0L ¥0'L €L

(X 080 16 89 b 6
(A 60l  62/69  0667I  680YE  €06VE 61'G Ge'8 1407 169 8101 L€l 09%c  ¥6'92 €e0 0€0 SO'HE 1ol LVL L 6L, [4¥A 0g'L (AW al

Ly 08 89 60 S 6
06°L voLE 99049  /0/88  9619€  GGI9€ SL'S L0'6 ey ¥0'9 ¢HLE 6Vl 209 928 ¥€°0 €0 [ A Ge'L 0z'L 6g'L 0c’L 1L leL b

78 88 cL ¥9 %S
€200  6L00  ¥cob 999k  v¥eL L7l le00  ¢c0'0  9l00  Zl0O /980 2900  98¥'0 8200 9000 000  <c€00  <l00  YIO'0 6000 9000 6000 SO0  O0LOO ¥ AdD

L0000 9000 v6'YE ¢89S  ¥¥8E  ¥¥'8€  L000 2000 G000 G000 G620 k200  G9L0 6000 2000 2000 OO0 000 Y000 €000  LOOO €000  GLO'O €000  FW3S

G0 9¢ 80 19
¥6'9 ¢cOF  [ell9  1ees8  vioee  Gleee  L0'G 0c'8 a0y v8'q v0'l6 1686  S0€C  ¥9vC €80 820 06'0L  OLOL 90, 0L 90, €0'L 90, €0'L ey

(X 019 89 i 14 14
979 L0} 86208  /8Gcl  826LE  2LL6E 167 2e6 0ee WS 662k ¢ISL 998  [gee 9e0 ¥e0 SO'LL (YA 65, €L 65, €L LS. YL [44

L'L 885 23 0¢
6cL ¥0'6 8L1GL  9gee6  0E06C  16E0E 81'g 189 8y ce9 leeL  €e6L cc0c  €lce 620 G20 €01 ¢9'6 L9 €L°9 6.9 ¥L'9 119 ¥L'9 A4

1202 0202 1202 0202 1202 0202 1202 0202 1202 0202 1202 0202 1e0e 0202 1202 0202 1202 0202 1202 0202 1202 0202 1202 0202
-0c0c  -6l0c  -020c  -6L0c  -0c0CZ  -6l0c  -0c0Cc  -6l0c  -0c0c  -6L0C  -0¢c0CZ  -6l02 -0c0¢  -6L0¢  -0C0c  -6l0C -0c0c  -6l0c  -0c0¢  -6L0c  -020c  -6l0C -0c0C  -610C

eyd Jad (wb) ueid Jsad (wb)
peay [elo)} ey ey peay [eloj} yerd / (wb) eyd / (wb) eyd
a|qel-ayiewun  Jad peay [eio)y  Jad peay |elo)y  a|qel-ayJewun peay [elo} peay [eloj Jad peay [eio} (wo) (wo) yeis (wo) (wb) s
jo a|qe}-axJewun a|qeasew jo a|qel-ay ewun a|qelayiew Jo a|g-e1exieW A[els [eloyy peay [esoj} (wo) peay peay [eioj} peay [eio]} Jo  jusw
biam ysal4 jJo 'oN jJo 'oN wbrem ysal4 Jo Jaquiny Wbrem ysal4 jo "oN jo Jajewelq jo yibuaq [elo}} JO YIPIM jo yibuaq biam ysai4 Jeall

312

‘buioeds jueid pue Bunueid jo awn ‘Buipass jo abe Aq paouanpui se [ssaN *(7) sisuauiydo snydajsijje)] Jsise eulyd jo Ayanonpoud Jamol4 : g-ajqel



D.K. Chaurasia et al., 313

which were transplanted on different date, necessitating
there by the sowing of seeds in the nursery on different
dates. Table-1 shows that the plant height was recorded
highest with 5 weeks old transplants and the number of
leaves per plant were also recorded maximum with A, (5
weeks old seedling). This age group of seedlings had
out-standing superiority of about 4 per cent over A; (4
weeks old seedling) and A; (6 weeks old ones)
respectively in respect of their height. Similarly in case of
plant spread, the excellence of A, over A; and A; was to
the tune of 39.2% and 21.83% (average of both years).

The number of laterals per plant increased
significantly with 5 weeks old transplant. A,, therefore,
superseded the A; and Aj; in this context also (Table-1).
The stages of visibility of flower bud, colour break and full
blooming were affected significantly by the age of
seedlings (Table-1). The A, (5 weeks old transplant) had
delayed these development studies invariably. The
magnitude of delayed was advanced with the increasing
age of crop plants. The harvest of floral head also delayed
with the advancement of age of seedlings invariably. The
magnitude of delay was almost parallel as noted with
other development studies with age of crop plants. The
harvest of floral heads delayed maximum with A, which
was more than that of A; and A, respectively, significantly
reduction in these findings which were in close agreement
with the findings as reported by Jauhari et al. (1972).

The number and fresh weight of marketable floral
heads per plant increased significantly with 5 weeks old
transplanting and the same treatment was also found
increasing effective floral heads per hectare. The number
and fresh weight of unmarketable floral heads per plant as
well as per hectare were minimum with 5 weeks old
transplant over 4 weeks old (A;) and 6 weeks old (Aj)
transplant (Table-2).

Time of planting : Time of planting caused many
advantageous manifestations in this investigation. The
significant effects of time of planting on growth parameters
have been praiseworthy. The plant height (cm), plant
spread (cm) and the number of leaves and laterals per
plant improved appreciably by the time of planting
treatments and more so when the early planting was done,
i.e. on June 1st in both the years of experiment. The
contribution of early planting (T;) on growth attributes as
compared to that of each delay in planting to that of T, T3
and T, significantly and respectively, Likewise in case of
plant height, diameter of main stem, number of leaves per
plant, spread of plant and number of laterals per plant, the
early planting (T{) exhibited significantly —more
improvement than that of T,, T3 and T, respectively. These
results clearly exhibit the growth promoting effects on
each delay in time of planting treatments as compared to

early planting (T+). Similarly, Kaushal et al. (2014) has also
observed corresponding increase in plant height and
flower yield in china aster.

The development studies on the other hand such
as duration (days) required for visibility of flower bud,
colour break and full blooming were delayed due to delay
in planting of aster seedlings (Table-1). The delay in
aforesaid development characters caused by early
planting (T+) was significantly more pronounced than that
of each delay in transplanting T to T,, Toto Tsand Tsto Ty
respectively.

The maturity of flower crop expressed as cropping
span or harvest of floral head (days) also exhibited similar
response on each delay in time of planting treatments
(Table-2). The flower yield (g/ha) was stepped-up
considerably by the each delay in transplanting. Based on
average flower production of 2019-2020 and 2020-2021,
it has been computed that early transplanting (T,)
increased the flower yield than that of each delay in
transplanting.

The number and fresh weight of marketable floral
heads per plant increased significantly with early
transplanting done on June 1% (T;) and the same
treatment was also increasingly effective in promoting the
number of floral heads per hectare (Table-2). Similar
results have also been observed by Chanda and
Roychoudhary (1991) and Dhemre et al. (1997).

The number and fresh weight of unmarketable floral
heads per plant as well as per hectare were minimum with
early transplanting (T;) done on June 1 as compared to
each delay in transplanting of seedling i.e. T1to T, Tot0 T3
and T3 to T4 respectively (Table-2).

The plant spacing brought about vividly changes in
the performance of flower crop of aster and this practice
eventually proved economically profitable (Table-1). The
vegetative growth characters such as number of leaves,
plant spread and number of laterals per plant consequent
upon wider plant spacing showed significant improvement
accept the plant height which was highest with closed
plant spacing i.e. 20 cm x 20cm (S1). Janakiram and Rao
(1995) observed significant increase in plant height,
number of branches and plant spread in marigold due to
wider spacing. This shows that more vegetative growth
was obtained at wider spacing due to more availability of
nutrients, sun light and soil moisture.

The Vvisibility of flower bud, colour break and full
blooming were, however, delayed due to time of planting,
but the magnitude of delay was relatively more
pronounced in full blooming then in visibility of flower bud
and than in colour break (Table-1). The duration (days)
require for the harvest of floral head was also delay with
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wider plant spacing (S;) as compared to S, and S;
respectively.

The number and fresh weight of marketable floral
heads per plant were significantly increased with Sj
(Table-2). As a result, the production of flower on hectare
basis was magnificently decreased due to wider plant
spacing. Similarly in case of number and fresh weight of
unmarketable floral heads per plant, the excellence of S
over S, and S; and on per hectare basis the excellence of
Sy over S, and S;.

The flowering and vyield characters were also
significantly influenced by the spacing (Table-2). Among
the different spacing, S; (20 x 20cm) recorded maximum
number of marketable floral heads per plant and per
hectare, while S; (40 x 40cm) recorded the highest value
in fresh weight of marketable floral heads per plant and
per hectare. This shows that at wider spacing, more
vegetative growth had accrued due to late flowering
enrich is turn resulted in bigger size, minimum number of
flower were and more weight of marketable floral heads
per plant and per hectare, Hence, the wide spacing S (40
x 40cm) was found to be the best with number and fresh
weight of marketable floral heads per plant and per
hectare. This was in line with findings of Samantaray et al.
(1999).
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Abstract

Rain fed agriculture occupies a prominent place in Indian economy and rural livelihoods. At present, about 60% of total net
sown area is rain fed, contributing 40% of the total food production.Often due to the late onset of the monsoon, prolonged dry
spells of the monsoon, total failure of monsoon leads to failure of crops. The management of the drought primarily involves
development of crop management strategies for minimizing the severity of the impact caused by the weather aberrations.The
study was based on the data collected from the metrological station Morena. The contingent plan was executed according to the
need of hour.Yield under P2— application of contingent intervention (2069.56 kg/ha) was recorded significantly superior over the
farmers practice P1— farmers practice (1844 kg/ha). The maximum grain yield was recorded in Co—pearl millet (2122.17 kg/ha)
which was significantly superior yield received under Ci- Cluster bean (1929.17 kg/ha) and Cs (1818.00 kg/ha).

Introduction

It supports 40% of human and 60% of livestock
population. Coarse cereals (87.5%), pulses (87.5%),
oilseeds (77%), rice (48%) and cotton (65.7%) are
predominantly grown under rain fed farming (Ready et al.
2008). Dry land agriculture is largely rainfall-dependent,
especially in India where the quantity and distribution of
monsoon  rain  decides the crop production
(Venkateswarlu, 2010). Agriculture in rain fed areas
continues to be a gamble and rain fed farmers face
several uncertainties like aberrant weather, lack of timely
inputs and credit leading to low and unstable productivity
and profitability. Climate variability is a predominant
feature of Indian agriculture and more so in rainfed
farming and, therefore, crop production is greatly
conditioned by climatic risks (Venkateswarlu, 2010). Often
due to the late onset of the monsoon, prolonged dry spells
of the monsoon, total failure of monsoon leads to failure of
crops. The management of the drought primarily involves
development of crop management strategies for
minimizing the severity of the impact caused by the
weather aberrations.

Contingency plan can be defined as a plan aimed
and executed for an outcome other than in the usual or
expected plan. In other words, it is frequently used for risk
management when an exceptional risk in future. In
general, the change in sowing or planting time of crops,
change in seed rate, change in schedule of fertilizer use,
use of short duration varieties, improved crop genotypes
form the core component of contingency crop planning.

At the same time provision of conservation
agriculture practices might be helpful in successful
establishment of crops. The moisture conservation

practices like mulching and Ridge and furrow sowing etc.
would be instrumental in saving considerable amount of
moisture under such situation.

Research Methodology

A study was conducted on farmer’s field in Morena district
under NICRA Project during 2016-17 to 2019-20. The
different technologies for reduce the climate risk or
mitigate the climatic abbreviation during crop period were
demonstrated. The measures according to metrological
data were performed to reduce the impact of weather
abbreviation. The impact was analysed according to
application of the contingent planning or activity. The
major weather calamity is long dry spell during the kharif
season. The average 358.3mm, 581.00mm and 628.00
mm rainfall received during the year 2017-18, 2018-19
and 2019-20 respectively.Rainfall pattern was analysed
and identified the dry spell during the crop growth period.
After the identified dry spell contingent intervention was
identified for mitigate the effect of dry spell (table - 1).

The yield of crops were recorded and analysed
statistically with complete RBD design. The location or
farmer was taken as replication and the combination of
crops C;- Cluster bean, C,- Pearl millet and Cs- pigeon
pea with cropping method i.e. farmers practice (P4) and
contingent planning (P,) was used as treatments. The
economics of various crops were calculated on prevailing
market prices.

Results and Discussion

The study was based on the data collected from the
metrological station Morena. The contingent plan was
executed according to the need of hour. The average yield
and vyield attributes were recorded and analysed
statistically and presented in table-2.
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Table-1 : Contingent Crop Planning Used during the various years from 2017-18 to 2019-20.

Dry Spell Duration

(no. of days)

S. No. Crop

Crop stage Affected

Intervention applied

Year 2017-18

1. 8 days 19-27 June 2017 Cluster bean
Pearl millet
2. 15 days 10-24 August 2017 Cluster Bean
Pearl millet
3. 10 days 01-12 September2017  Pigeon pea
Year 2018-19
1. 15 days 11 to 25 June 2018 Cluster Bean
Pigeon pea
2. 11 dyas 30Juneto10July2018  Pigeon pea
Cluster Bean
Pearl millet
3. 15 days 7t021 September2018  Pigeon pea
Cluster Bean
Pearl millet
Year 2019-20
1. 20 Juneto 5 July Pigeon pea

Cluster Bean

Pearl millet

Sowing/Germination
Sowing/Germination

Flowering and pod formation
Flowering and pod formation
Flowering and pod formation

Sowing/Germination
Sowing/Germination

Vegetative and growth stage
Vegetative and growth stage
Vegetative and growth stage
Pod filling stage
Pod filling stage
Pod filling stage

Sowing/Germination
Sowing/Germination

Sowing/Germination

Delayed sowing time or adjustment in sowing
dates

Delayed sowing time or adjustment in sowing
dates

Life Saving Irrigation
Life Saving Irrigation
Life Saving Irrigation

Delayed sowing time or adjustment in sowing
dates

Delayed sowing time or adjustment in sowing
dates

Light irrigation
Light irrigation
Light irrigation
Lifesaving Irrigation
Lifesaving Irrigation
Lifesaving Irrigation

Delayed sowing time or adjustment in sowing
dates

Delayed sowing time or adjustment in sowing
dates

Delayed sowing time or adjustment in sowing
dates

Table-2 : Yield (kg/ha), Rain Water use efficiency (kg/ha/mm) and economics of various prominent crops with farmers
practices and contingent planning during 2017-19 to 2019-20.

Treatment Yield (kg/ha) Rain Water use Cost of Gross return Net Return B:C Ratio
Efficiency (RWUE) cultivation (Rs/ha) (Rs/ha)
kg/ha/mm (Rs/ha)
P4 1844.00 3.53 26900 74464 47564 2.77
P2 2069.56 3.96 27900 68381 40482 2.45
Sem 42.13 - - - - -
CD @ 5% 126.317 - - - - -
Cq 1929.17 3.69 23500 46620 23120 1.98
Co 212217 4.06 27900 51439 23539 1.84
Cs 1819.00 3.48 31500 117001 85501 3.71
Sem 42.13 - - - - -
CD @ 5% 126.317 - - - - -
P*C NS - - - - -

Yield (kg/ha) : The results indicated that the performance
of all prominent crops of district i.e. pigeon pea, pearl
millet and cluster bean were improved with the contingent
plan to mitigate or reduce the effect of dry spell during the
crop growth period.

Yield under P, (2069.56 kg/ha) was recorded
significantly superior over the farmers practice Py (1844
kg/ha). Supplemental irrigation, the combination of rainfed
farming and limited irrigation, are ideal choice for
improving crop yield in the moisture-stressed situation
(Deng et al, 2006).The maximum grain yield was

recorded in C, (2122.17 kg/ha) which was significantly
superior yield received under C4 (1929.17 kg/ha) and Cj
(1818.00 kg/ha). It is may be due to the genetic behaviour
of different crops. Dry spell given at terminal stage
reduced the yield and yield attributes to the great extent
as compared to other stages of dry spell (Kumar et al.
20086).

Economics : The economics of different prominent crop
were  significantly  affected  through  contingent
interventions. Maximum net return Rs.47564/ha was
recorded under contingent planning interventions.
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However, the maximum net return Rs. 85501/ha was
recorded under the pigeon pea crop it was more than
cluster bean (Rs. 23120/ha) and pearl millet (Rs.
23539/ha). The maximum B;C ratio was also recorded in
pigeon pea 3.71 and application of contingent intervention
(2.77) during crop growth period.

Conclusions

The experiment was concluded as the application of life
saving irrigation to mitigate the adverse effect of dry spell
on various prominent crops growing in rainfed areas of
Morena district.
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Abstract

Among all cool season vegetables, cauliflower (Brassica oleracea var. botrytis L.) is grown for its immature inflorescence called
curd and is rich in dietary mineral nutrients and antioxidants. A field experiment was conducted during the year 2020-2021 at
Experimental Research Farm, Department of Vegetable Science, College of Horticulture and Forestry, Neri, Hamirpur (H.P). It
was laid in Randomized Complete Block Design with three replications. Twenty seven genotypes including check variety Palam
Uphar were evaluated for various yield and yield contributed traits to study the genetic variability, heritability and intertrait
association Analysis of variance indicated significant difference among the genotypes for all the characters. The genotype
UHF-CAU-M-15 (6.70 kg) was recorded superior over the check Palam Uphar (6.32kg) in terms of the trait yield per plot
followed by UHF-CAU-M- 14 (6.23kg). The coefficient of variation results revealed that values of PCV were greater than that
of GCV for all the traits studied, although the difference was less which indicated that the influence of environment for variability
in these characters is very less. High heritability along with high genetic advance was observed for days to curd maturity,
number of leaves per plant, days to curd initiation, stalk length, curd size index, gross plant weight, marketable curd weight per
plant. Heritability reflects the genetic bond between the parent and offspring. High heritability coupled with genetic advance
provides scope for trait improvement through effective selection based on phenotypic performance. The highest estimate of
genetic advance as percent of mean was seen for the characters viz., curd size index (29.68%), gross plant weight(26.58%),
number of leaves(26.39%), stalk length(25.20%) and marketable curd weight per plant(24.79%) The traits showing high value

of genetic advance indicated that they are operated by additive genes.

Key words : Genotypes, cauliflower, genetic advance, heritability, variability and yield.

Introduction

Cauliflower (Brassica oleracea var. botrytis L., 2n=2x=18)
is one of the important vegetables among the cole crops
cultivated worldwide in different climatic conditions. The
crop is reported to be native of Southern Europe in the
Mediterranean region. It is edible vegetable grown due to
its tender ‘curd’ which is pre-floral fleshy apical meristem.
Cauliflower is emerged from wild cabbage “cole wart”
through mutation, human selection and adaptation. It has
branched tap roots with thick and small stem
accommodating whorl of leaves. Cauliflower is popular for
its savour, flavor and alimental value. It is well supplied
with proteins, carbohydrates, vitamins and minerals.
Cauliflower is high in glucosinolates and isothiocyanates,
which slow down the growth of cancer cells. China leads
the world in production of cauliflower followed by India.
The area under cauliflower cultivation in India is 4,58,000
ha with a production of 88,40,000 MT (NHB, 2019).

The nature and amount of genetic variability in the
germplasm indicate the scope of improvement in
character through selection whereas; the heritability
provides measures of transmissibility of the variation and
response to selection. An estimation of variability

parameters viz., genotypic coefficient of variation (GCV),
phenotypic coefficient of variation (PCV), heritability and
genetic advance are the important traits that suggests
strategy for its utilization in breeding programmes.
Therefore, the present experiment was laid to assess the
variability parameters for further improvement in
cauliflower.

Materials and Methods

The present investigation was carried out during the year
2020-2021 in the Experimental Farm of the Department of
Vegetable Science, College of Horticulture and Forestry,
Neri Hamirpur, Dr. Y S Parmar University of Horticulture
and Forestry, Nauni, Himachal Pradesh, India. The
experimental materials for this investigation comprised
twenty-seven genotypes of cauliflower also includes the
check variety. The experiment was conducted in the
Complete Randomized Block Design (RBD) with three
replications at spacing of 60 x 45 cm. Observations were
recorded on five plants of each treatment/genotype from
every replication for different characters, such length of
leaf (cm), plant height(cm), number of leaves per plant,
days to curd initiation, stalk length(cm), curd
diameter(cm), curd depth(cm), curd size index(cm?),
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Table-1 : Mean performance of yield its contributing traits in cauliflower.
Genotypes Curd diameter Curd depth Curd size Gross plant Marketable curd Yield per plot
(cm) (cm) index (cm?) weight (g) weight per plant (g) (kg)
VRCF-22 10.22 7.35 75.14 1090.30 550.99 4.99
VRCF-34 9.66 7.13 68.88 725.39 479.07 4.31
VRCF-51 9.91 6.82 67.59 917.66 499.21 4.51
VRCF-75 10.06 7.62 76.06 947.00 515.45 4.64
VRCF-101 12.09 8.51 102.85 1222.41 676.62 6.09
VRCF-102 11.86 8.44 100.07 1201.78 650.11 5.85
VRCF-103 10.87 7.62 81.87 1145.00 580.66 5.23
VRCF-105 11.80 7.96 93.93 1193.10 635.00 5.72
VRCF-112 11.62 8.14 94.71 1189.24 643.88 5.79
VRCF-113 10.28 7.83 80.65 1096.15 539.02 4.85
VRCF-114 10.73 7.63 82.82 1122.08 581.00 5.18
VRCF-202 9.92 7.28 72.21 938.33 506.27 4.56
VRCF-75-2 10.93 7.64 83.53 1154.39 622.30 5.60
UHF-CAUM-11 10.67 7.56 80.47 1134.52 598.15 5.38
UHF-CAUM-12 10.20 7.41 75.60 1053.67 542.53 4.86
UHF-CAUM-13 10.42 8.36 87.09 1107.85 523.00 4.71
UHF-CAUM-14 12.35 8.40 103.75 1244.63 692.33 6.23
UHF-CAUM-15 13.24 8.72 115.44 1302.33 741.92 6.70
UHF-CAUM-16 12.45 8.40 104.60 1242.09 687.30 6.19
UHF-CAUM-17 9.76 6.94 67.74 739.47 490.05 4.41
HF-CAUM-18 11.83 7.79 92.20 1212.07 631.38 5.68
UHF-CAUM-19 11.07 7.73 85.51 1160.38 617.00 5.55
UHF-CAUM-20 11.37 7.80 88.63 1180.68 609.15 5.48
UHF-CAUM-21 11.43 7.81 89.25 1172.31 599.28 5.39
UHF-CAUM-22 10.32 7.37 76.65 1101.11 527.00 4.74
Pusa Himjyoti 12.01 8.13 97.61 1226.84 673.11 6.06
Palam Uphar (check) 12.65 8.43 106.74 1253.60 701.03 6.32
Mean 11.10 7.81 87.10 1113.87 596.77 5.37
SE (m)+ 0.11 009 1.74 10.62 7.10 0.07
CD0.05 0.30 0.26 4.96 30.21 20.07 0.21
CV (%) 1.67 2.01 3.47 1.65 2.06 2.33
Table-2 : Estimates of different genetic parameters for various traits in cauliflower (Brassica oleraceavar. botrytis L.).
Sr. Characters Mean Range Coefficient of variation Heritability Genetic Genetic
No. (%) (%) Advance Advacr,}ce
Phenotypic ~ Genotypic r?1$ear‘;
1. Leaf length (cm) 39.48 33.43-47.17 8.87 7.80 77.33 5.58 14.12
2. Plant height (cm) 49.59 43.53-56.73 7.26 6.68 84.70 6.28 12.66
3. Number of leaves per plant 17.08 12.48-21.11 14.28 13.53 89.69 4.51 26.39
4. Days to curd initiation 70.04 57.20-86.00 11.47 11.31 97.30 16.10 22.98
5. Stalk length (cm) 4,62 3.39-5.80 12.58 12.41 97.23 1.16 25.20
6.  Curd diameter (cm) 11.10 9.66-13.24 9.06 8.91 96.63 2.00 18.04
7. Curd depth (cm) 7.81 6.82-8.72 6.87 6.21 81.74 0.90 11.57
8.  Curd size index (cm?) 87.10 67.59-115.31 15.20 14.80 94.80 25.85 29.68
9.  Gross plant weight (g) 111387  725.39-1302.33 13.11 13.01 98.42 296.05 26.58
10.  Marketable curd weight per plant (g) 596.77 479.07-741.92 12.37 12.20 97.24 147.92 24.79
11.  Days to marketable curd maturity 89.21 75.07-105.80 9.95 9.87 98.29 17.98 20.15
12.  Total soluble solid (°B) 6.11 5.16-6.86 8.13 8.06 98.14 1.01 16.44
13.  Dry matter content (%) 8.67 7.67-8.67 8.64 7.05 66.67 1.03 11.86
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gross plant weight(g), marketable curd weight per
plant(g), days to curd maturity, total soluble solids(°B), dry
matter content (%).

The data recorded on various parameters were
appropriately computed, tabulated and analyzed by using
MS-Excel and OPSTAT. The results were interpreted on
the basis of ‘F’ test value and critical difference (CD) was
calculated at 5% level of significance.

Results and Discussion

A broad series of variation was observed among
twenty-seven genotypes of cauliflower, evaluated for
different qualitative and quantitative traits (Table-1). The
performance of the genotypes revealed a wide range of
variation for traits such as leaf length (33.43-47.17cm),
plant height (43.53-56.73cm), number of leaves per plant
(12.48-21.11), days to curd initiation (57.20-86.00), stalk
length (3.39-5.80cm), curd diameter (9.66-13.24cm), curd
depth (6.82-8.72cm), curd size index (67.59-115.31cm?),
gross plant weight (725.39-1302.33g), marketable curd
weight per plant (479.07-741.92g), days to curd maturity
(75.07-105.80), harvesting index (47.21-66.27%), Total
soluble solids (5.16-6.86 °B), incidence of disorder:
riceyness (4.05-32.52%) and leafiness (1.23-3.10%), dry
matter content (7.67-8.67%) and yield per plot (4.31-6.32
kg) thereby indicating the presence of sufficient genetic
variability among the genotypes for these traits. These
were in accordance with the findings of Singh et al. (2013),
Yadav et al. (2013), Santhosha et al. (2014), Chittora and
Singh (2015) and Kumar et al. (2017).

Mean performance of yield contributing traits

Curd diameter (cm) : Curd diameter is also an important
yield contributing character as it determines the size of the
curd which has a direct relationship with the total curd
yield. Curd diameter ranged from 9.66 cm in VRCF-34 to
13.24 cm in UHF-CAU-M-15 with the average curd
diameter of population was 11.10cm (Table-1). UHF-
CAU-M-15 had larger curd diameter and significantly
superior than the check variety, Palam Uphar (12.65cm).
Two genotypes namely, UHF-CAU-M-16 (12.45cm) and
UHF-CAU-M-14(12.35cm) were at par with the check.
Rest of the genotypes recorded lesser curd diameter in
comparison to check variety. The genotype VRCF-34
(9.66cm) had recorded minimum curd diameter which was
at par with UHF-CAU-M-17(9.76cm), VRCF-51(9.91cm),
VRCF-202 (9.92cm). Sufficient range of variability for the
curd diameter was recorded by Singh et al. (2013), Kumar
et al. (2017) and Gariya et al. (2019) in their respective
genotypes.

Curd depth (cm) : Analysis of variance revealed
significant differences for curd depth which ranged from
6.82 cmin VRCF-51 to 8.72 cm in UHF-CAU-M-15 with an

average curd depth of the population was 7.81cm
(Table-1). The genotypes namely, Pusa Himjyoti
(8.13cm),VRCF-112(8.14cm),UHF-CAU-M-13(8.36¢cm),U
HF-CAU-M-14(8.40cm),UHF-CAU-M-16(8.40cm), VRCF-
102 (8.44cm), VRCF-101(8.51cm), UHF-CAU- M-15
(8.72) had comparable curd depth with the check variety,
Palam Uphar(8.48cm) while, rest of the genotypes
exhibited significantly lesser curd depth than the check
variety. The genotypes viz., UHF-CAU-M-17(6.94cm) and
VRCF-34(7.13cm) were at par with VRCF-51 having
minimum curd depth among all the genotypes. Significant
difference for this trait was also observed by Chittora and
Singh (2015) and Sharma et al. (2018) in the performance
of their respective genotypes.

Curd size index (cm?) : Curd size index is a horticultural
trait which decides shape and weight and also shows
positive correlation with the yield. Significant variation for
curd size index was observed among the genotypes under
study (Table-1). The difference between the genotypes for
this character ranged from 67.59 cm® in VRCF-51 to
115.44cm? in UHF-CAU-M-15 with an overall mean of
87.10 cm®. Statistical analysis of the data indicated that
the genotype UHF-CAU-M-15(115.44 cm?) had maximum
curd size index and found significantly superior than the
check variety, Palam Uphar(106.74 cm?) while, genotypes
namely, UHF-CAU-M-14(103.75 cm?) and UHF-CAU-
M-16(104.60 cm?) were at par with the check variety. The
genotypes UHF-CAU-M-17 (67.74 cm?), VRCF-34(68.88
cm?), VRCF-22(75.14 c¢cm?®) and VRCF-202(72.22 cm?)
were at par with VRCF-51(67.59) which was found to have
minimum curd size index among all the genotypes.
Significant difference for this trait was also observed by
Sahu (2017), Kumar et al. (2017) and Sharma et al.
(2018).

Gross plant weight (g) : A significant variation was
recorded for gross plant weight among all the genotypes
under study (Table-1). The difference between the
genotypes for this character ranged from 725.39¢g in
VRCF-34 to 1302.33g in UHF-CAU-M-15 with an overall
mean of 1113.87g. Genotype UHF-CAU-M-15(1302.33g)
was recorded significantly superior than check variety,
Palam Uphar (1253.60g). Genotypes namely, Pusa
Himjyoti (1226.84g), UHF-CAU-M-16(1242.09g), UHF-
CAU-M-14(1244.63g) were at par with the check while,
genotype VRCF-34(725.39g) had recorded minimum
gross weight which was at the par with only one genotype
UHF-CAU-M-17(739.47g). Widegenetic variation with
respect to this character was also reported by range of
variability was also reported by Singh et al. (2013)
Santhosha et al. (2014), Kumar et al. (2017) and
Chatterjee et al. (2018)
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Marketable curd weight per plant (g) : Productivity of
cauliflower largely depends on weight and size of the curd.
Marketable curd weight per plant is an important trait
which shows direct association with the yield. Analysis of
variance revealed significant differences for marketable
curd weight per plant which ranged from 479.07g in
VRCF-34 to 741.92g in UHF-CAU-M-15 with an overall
mean of 596.77g (Table-2). Statistical analysis of the data
indicated that the genotype UHF-CAU-M-15(741.92g)
was found significantly superior than the check variety,
Palam Uphar(701.03g) while, genotypes UHF-
CAU-M-16(687.30g) and UHF-CAU-M-14(692.33g) were
at par with the check variety. Whereas, genotype
VRCF-34(479.07g) had recorded minimum marketable
curd weight per plant which was at the par with genotypes
UHF-CAU-M-17(490.05g) and VRCF-51(499.219). Result
of the studied were in accordance with the findings of
Singh et al. (2013), Chittora and Singh (2015), Kumar et
al. (2017) and Chatterjee et al. (2018).

Yield per plot (kg) : Yield is an important horticultural
character which determines the potential of any variety.
The ultimate objective of cultivation is to have more yield
and good returns. Highly significant variations were
observed for yield per plot among the genotypes It was
ranged from 4.31kg in VRCF-34 to 6.70kg in
UHF-CAU-M-15 with an overall mean of 5.37kg. Statistical
analysis of the data indicated that the genotype
UHF-CAU-M-15(6.70kg) was found significantly superior
than the check variety, Palam Uphar(6.32 kg) while, two
genotypes UHF-CAU-M-16(6.19kg) and UHF-CAU- M-14
(6.23kg) were at par with the check variety. However
genotypes namely, UHF-CAU-M-17 (4.41kg) and
VRCF-51 (4.51kg) were found to be at par with VRCF-34
(4.31kg) which was found to have minimum value for yield
per plot. Similar result have also been obtained by
Manaware et al. (2017), Kindo et al. (2017) and Gariya et
al. (2019).

Phenotypic and genotypic coefficient of variability :
Since, phenotypic variation is the sum of genotypic
variation and environmental variation therefore, it is not
completely responsible for effective selection. Hence it is
useful to study the genotypic and phenotypic coefficients
of variation that can give the idea about the available
variability present in the genetic population. The values of
PCV were greater than that of GCV for all the traits
studied, although the difference was less which indicated
that the influence of environment for variability in these
characters is very less. Earlier workers namely (Singh et
al., 2006; Kumar et al., 2011) also recorded higher
estimates of PCV than respective GCV. Moderate
genotypic and phenotypic coefficients of variation were
seen (table 2) in traits like days to curd initiation (11.31%

and 11.47%), number of leaves (13.53% and 14.28%),
stalk length (12.41% and 12.58%), curd size index
(14.80% and 15.20%), gross plant weight (13.01% and
13.11%), marketable curd weight (12.20% and 12.37%).
The traits had shown low genotypic and phenotypic
coefficients of variation are leaf length (7.80% and 8.87%),
plant height (6.68% and 7.26%), curd diameter (8.91%
and 9.06%), curd depth (6.21% and 6.87%), days to curd
maturity (9.87%), TSS (8.06%), dry matter content
(7.05%). Similar information was also given by (Singh et
al., 2013; Chittora and Singh, 2015; Kumar et al., 2017).

Heritability : Heritability is essential to compute the
degree of genetic variability that can be transmitted from
one generation to next generation. Heritability coupled
with genetic advance provides scope for trait improvement
through effective selection based on phenotypic
performance. It reflects the genetic bond between the
parent and offspring. High heritability allows the breeder to
make direct selection on an individual plant in order to
expand a specific trait of interest. If the heritability is on
lower side, instead of making selection on the basis of
desirable progeny, breeder must focus on the progeny
testing. Heritability helps in the selection of elite types from
the mixed parental populations or segregating
populations.

A broad sense heritability estimate provides
information on relative magnitude of genetic and
environmental variation in germplasm pool. The
heritability estimate varied from 66.67 per cent in dry
matter content (%) to 98.42 per cent in gross plant weight
(Table-4). The heritability for the characters under study
are categorized as high (>80%), moderate (50-80%) and
low (< 50%) as previously done by Warshamana, 2005.

High heritability was observed for the characters viz.,
gross plant weight (98.42%), days to curd maturity
(98.29%), total soluble solids (98.14%), days to curd
initiation (97.30%), marketable curd weight per plant
(97.24%), stalk length (97.23%), curd diameter (96.63%),
curd size index (94.80%), Number of leaves (89.69%),
plant height (84.70%) and curd depth (81.74%). Alike
observations were recorded by (Dubey et al., 2003) for
gross plant weight, (Kumar and Thakur, 2004) for plant
height and days to curd maturity, (Sharma et al., 2006) for
stalk length and marketable weight, (Singh et al., 2006)
for stalk length, (Singh et al., 2010) for days to curd
maturity and plant height, (Kumar et al., 2011) for
marketable curd weight per plant, (Chittora and Singh,
2015) for gross plant weight.

Moderate heritability was recorded for leaf length
(77.33%) followed dry matter content (66.67%). Almost
same findings were reported by (Chittora and Singh,
2015) for leaf length.
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Genetic advance and genetic gain : Genetic advance is
defined as a gain in performance of a particular trait
achieved through selection while, Genetic gain is the
percentage of population mean. Heritability alone is not
sufficient but genetic advance along with heritability is
more useful in predicting the gain under selection. The
traits showing high value of genetic advance indicated that
they are operated by additive genes. The moderate value
of genetic advance for the traits indicated that they are
governed by both additive and non-additive genes while
the traits expressing low genetic advance revealed
significance of non-additive gene effects. In the present
study, it was categorized as high(>20%), moderate
(10-20%), low (0-10%) and presented in table 2.

The range of genetic advance as per cent mean
varied from 11.57 to 29.68%. The highest estimate of
genetic advance as percent of mean was seen for the
characters viz., curd size index (29.68%), gross plant
weight (26.58%), number of leaves (26.39%), stalk length
(25.20%), marketable curd weight per plant (24.79%),
days to curd initiation(22.98%) and days to curd
maturity(20.15%). Chittora and Singh (2015) reported
high genetic advance as percent mean for gross plant
weight and marketable curd weight per plant, Manaware
et al. (2017) for number of leaves, days to curd initiation,
marketable curd weight per plant, gross plant weight and
days to curd maturity, Vanlalneihi et al. (2017) for number
of leaves and marketable curd weight, Chatterjee et al.
(2018) for all the above traits except days to curd
initiation, Gariya et al. (2019) for all the above recorded
traits except curd size index, Kumari et al. (2020) for
number of leaves, marketable curd weight per plant, gross
plant weight. The moderate genetic advance as percent
mean was recorded for traits viz., curd diameter(18.04%),
total soluble solids(16.44%), leaf length(14.12%), plant
height(12.66%), dry matter content(11.86%) and curd
depth(11.57%). Manaware et al. (2017) recorded for stalk
length, Sharma et al. (2018) for curd depth, curd diameter,
total soluble solids, dry matter content and Kumatri et al.
(2020) for leaf length.

Conclusions

A broad range of diversity was observed among
twenty-seven genotypes of cauliflower, evaluated for
various characters. From the present investigation, it can
be concluded that the genotype UHF-CAU-M-15 was
recorded superior over the check Palam Uphar in terms of
yield per plot. The difference between the estimates of
genotypic and phenotypic coefficients of variation were
minute for all the traits under study revealing less
influence of environmental factors on these traits. High
heritability coupled with high genetic advance was
observed in traits like days to curd maturity, number of

leaves per plant, days to curd initiation, stalk length, curd
size index, gross plant weight, marketable curd weight per
plant which showed that the selection for these traits will
be highly effective.
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Abstract

Half of the population of India depends directly upon agriculture. Many economists have said that innovation in agriculture is the
key to the growth of GDP. Government has done many efforts to improve the agriculture sector by helping farmers financially
from giving them short loans for cultivation to buying their crops at a good price. Rainfall is also a major aspect of cultivation
especially in areas where other means of irrigation is not possible. In this work, Rainfall prediction model is used to predict
rainfall and a web portal is proposed to transmit the prediction information for helping farmers in decision making process.

Key words : Data mining, artificial neural network, bagging, ensembles method, rainfall prediction, machine learning.

Introduction

India is a developing country with 3.5 trillion dollar
economy. India’s growth rate is expected to be around 7%
to 8% during the financial year 2022-2023 [1].
Agriculture’s contribution in the GDP was calculated
around 17% in 2019-2020 but due to the COVID-19
pandemic, almost all the industrial sector shout down and
many workers working there moved to their native places
and joined agriculture. All this leads to an increase in
agriculture share from 17% to 19.9% in 2020-21. [2]

The target of 5 trillion dollar economy can be
achieved with advancement in the agriculture by
aggregating new technological advances in this sector. [3]
In many ways, COVID-19 pandemic highlighted the
importance of agriculture which is being neglected in the
21st century. To make advancement in agriculture, we
have to make the system intelligence system and making
learning. [4]

Rainfall contributes largely in the decision making
process of selection of suitable crop. Farmers roughly
estimate about the rainfall and cultivate a crop
accordingly. Sometime due to variation in the normal
amount of rainfall, farmers has to been the cost of
additional water supply or compromise in the yield of the
crop. Both the things results in less income of farmer and
ultimately reduction in the big number i.e. GDP.

By using machine leaning techniques, some trends
in the rainfall prediction can be studied and its relation
with the other parameters of environment can be
explored. This can help in efficient and accurate
prediction of rainfall which is helpful in suitable crop
selection. [5]

In this work a rainfall prediction model is proposed

using bagging ensemble method with artificial neural
network. This prediction model analyse the historical
trends by historical weather data and predict the rainfall. It
is also important to highlight that to observe a significant
contribution, the prediction information must reach to
farmers through a user friendly system. [6] Novel rainfall
prediction model and a service oriented architecture are
for prediction and transmitting the prediction information
respectively. This work is fully dedicated toward society
and information will be supplied to farmers so that they
can easily utilize that information in order to make right
decision for selection of crop. This prediction portal also
contains information about various crop and their needs
for cultivation.

Data set overview : Data set taken for this study contains
around 9000 instances. Daily weather data has been
analyzed for 11 parameters given in table-1. Near around
7000 instances are used to train the model and around
2000 are used for the testing purpose as shown in figure 1.

Proposed Model : In this work, a rainfall prediction model
and a service oriented architecture is proposed for helping
farmers in better decision making in cultivation. This
service oriented architecture (SOA) is basically a web
portal which is used for transmission of prediction
information to the famers to help them in selection of a
suitable crop as per rainfall assessment of that season. [7]

This web portal contains information regarding the
amount of rainfall (in mm) during any month and details
about the cultivation of crops such as process of
cultivation and water requirement. [8] Information given
on the service oriented architecture will be directly
beneficial for the farmers by helping them in better
plaining, water management and rainfall assessment.
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Table-1 : Attributes description of Data set.

S. No. Attribute Name Data Type
1. Station code (STN) Integer
2. Date (DATE) Integer
3. Temperature (TEMP) Numeric
4. Dew point (DEWP) Numeric
5. Sea level pressure (SLP) Numeric
6. Visibility (VISIB) Real
7. Wind speed (WDSP) Numeric
8. Maximum sustained wind speed (MXSPD) Numeric
9. Maximum Temperature (MAXT) Numeric
10. Minimum Temperature (MINT) Numeric
11. Precipitation Amount (PRCP) Real

Table-2 : Performance of N-RPM.

S. No. Performance Parameters Proposed N-RPM
1. Accuracy 89.14%
2. Precision 79.87%
3. Recall 71.08%
4. F-measure 75.21%
5. Specificity 0.964
6. RMSE 0.284

A Novel Rainfall prediction model is used to predict
the rainfall on the basis of historical weather data. Ten
atmospheric parameters are studied with respect to
rainfall which are given in table 1. [9] N-RPM is based on
bagging ensembles method with artificial neural network
as base prediction method. In N-RPM, a total of 20 ANN’s
are used to make the prediction more accurate.

Random sampling is used to train the artificial neural
networks which helps in further enhancement of the
model’s performance.[10] Random sampling also helps in
class imbalance problem. The N-RPM is shown in figure
2. Every neural network is trained using a dedicated data
set formed from original data set by random selection of
instances. In this way the model becomes more robust
and accurate. The number of training cycles used for ANN
is 500 with having learning rate of 0.3 and momentum of
0.2. [11]

Novel rainfall prediction model is implemented using
rapid miner 8.1 shown in figure 3. In this work weather
data of district Hissar of Haryana is used. Before using the
dataset preprocessing is done in which redundant
attributes are removed from the data set. [12]

This service oriented architecture as web portal is
implemented by using HTML-5 and CSS. The homepage
of web portal is shown in figure 4. [13]This service
oriented architecture contains six submodules as shown
in figure in which two important submodules are rainfall
prediction and crop advisor. In rainfall prediction
submodule monthly rainfall will be provided in mm as

DATASET DISTRIBUTION

m TRAINING DATA = TESTING DATA

Fig.-1 : Data Set Distribution.

shown in figure 5. This portal is very easy to use and
easily access able by anyone having an internet enabled
device such as mobile phone. [14]

In crop advisor submodule the details about various
crops such as process of cultivation, water requirements,
best time to sow etc. are given. [15] All these information
will be helpful for the less experienced youth who wants to
join agriculture as a profession. Also it encourages the
new entries from non-agriculture families to this noble
profession. The crop advisor model is shown in figure 6
and 7.

Results and Discussion

In this work a novel rainfall prediction model is proposed
which is discussed in previous section of this paper. Also a
service oriented architecture (SOA) as a web portal is
proposed and implemented. The Novel rainfall prediction
model is being compared with the other existing prediction
methods on the basis of 6 parameters namely Accuracy,
precision, recall, RMSE, F-measure etc.

Conclusion and Future scope : In this work, the
practicality and applicability of a research work is justified.
A Novel Rainfall prediction model (NRPM) is proposed
using Bagging ensembles method. The prediction
information i.e. amount of rainfall is transmitted to the
general public for actual use of it.

This works highlights the importance of not only
doing research is the field of agriculture but to actually
transfer the outcome of that research to general public for
giving practical purpose to research work. The accuracy
of prediction is very significant and effective but can be
further improved by including parameters that deals with
climate changes due to various human initiated
development.

The pollution levels and Co2 emissions are also
increasing day by day affecting the climatology of earth at
various levels. The depletion of ozone (O3) layer and rise
in the levels of greenhouse gases should be consider for
further study.
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Fig-6 : Crop advisor module (SOA).
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Abstract

The present investigation entitled entitled “Effect of Inorganic and Bio-fertilizer on Growth and Development of Onion (Allium
cepa L.) cv. Pusa red” was carried out at Vegetable Research Farm, Department of Horticulture,, Mahatma Jyoti Rao Phule
University, Jaipur (Rajasthan). During winter season 2016-2017 and the experiment was out in the Randomised Block Design
(RBD) consisting of 13 treatment. Among in various treatment of onion, it was observed that the plant height was significantly
increased growth stage (30,60,90 DAT). The Plant heigth of treatment Ts (75 % RDF+ Azotobacter + PSB), was found
significantly superior at 30 DAT (33.10 c¢m), 60 DAT(55.21 cm), 90 DAT (60.67 cm) while Treatment To ( control) performed
poorly. Regarding the number of leaves per plant in various growth as treatment Tg again found significantly superior due to
heavy vegetative growth stage as compared to Te and T-. However, lowest number of leaves per plant found were noticed in To
(control). The maximum leaf diameter was found under the treatment Ts (75 % RDF + Azotobacter + PSB), was found
significantly superior at leaf diameter (2.60 cm) whereas the minimum leaf diameter was found in the treatment To(control).
Which was statically at par with Te, T7, T1oand T12. Whereas the minimum leaf diameter (1.57 cm) was found in the treatment To.
This experiment overall treatment Tg is found superior in all stage.

Key words : Azotobacter, growth , inorganic, onion, PSB.

Introduction

Onion (Allium cepa L.) is one of the most important
commercial vegetable Crops belongs to family
Amaryllidaceae and it is one of the most important
monocotyledonous, cross-pollinated and cool season
vegetable crops. It is a semi perishable in nature and can
be transported to a long distance without much injury.
Most of the botanists believed that it has been origin in
area including lIran, Pakistan and the mountainous
countries in the North. According to Vavilov (1951), the
primary centre of origin lies in Central Asia and the Near
East and the Mediterranean are the secondary centre of
origin. India ranks first in area covering 1225 thousand
hectare (Anonymous, 2015-16) & second in production in
the world next to China with production of 209.94 lakh
tonnes (Anonymous, 2015-16). In India, onion is produced
during two seasons’ i.e kharif and rabi. The major onion
producing states are Maharashtra, Gujarat, Karnataka,
Andhra Pradesh, Orissa, Tamil Nadu, Uttar Pradesh,
Madhya Pradesh and Rajasthan, which together account
for 95 per cent of total area and production in the country.
Maharashtra is the largest producer of the onion with
production 5864.00(‘000MT) followed by Madhya Pradesh
2826.00('000MT). In Rajasthan, onion is grown
extensively in the districts of Alwar, Ajmer, Jodhpur, Sikar,
Nagaur, Jhunjhunu and Bikaner. The total production in
the state during the year 2015-16 was 1435.112 M.T from
an area of 86.306 (‘000ha) (Anonymous, 2015-16). The

rabi crop of onion is grown at a very large scale in
comparison to kharif crop in the state because of adverse
climatic conditions like high temperature at the time of
kharif seedling raising. Onion accounts for 70 per cent of
our total foreign exchange earnings from the export of
fresh vegetables. Government of India has declared onion
as an essential commodity. imilarly, phosphorus is
indispensible constituent of nucleic acid, phospholipids
and several enzymes. It is also needed for the transfer of
energy within the plant system and is involved in various
metabolic activities. Phosphorus has its beneficial effect
on early root development, plant growth, yield and quality
of crop produce.

Biofertilizers are products containing living cells of
different types of microorganism, which have an ability to
convert nutritionally important elements to available form
through biological processes. In recent vyears,
biofertilizers have emerged as an important component of
the integrated nutrient supply system and hold a great
promise to improve crop yield through environmentally
better nutrient supplies.

The biofertilizers are alternative sources to meet the
nutrient requirement of crops and to bridge the future
gaps. Further, knowing the deleterious effect of using only
chemical fertilizers on soil health, use of chemical
fertilizers supplemented with organic waste and
biofertilizers will be environmentally benign.



Table-1 : Treatment and their combination.
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Treatment Concentration (kg/ha) Notation
Control - To
50% RDF 75:80:25 kg NPK T4
50% RDF + Azotobacter 75:80:25 kg NPK + 2kg Azotobacter T,
50% RDF + PSB 75:80:25 kg NPK + 2kg PSB Ts
50% RDF + Azotobacter + PSB 75:80:25 kg NPK + 2kg Azotobacter + 2kg PSB T4
75% RDF 100:60:37.5 kg NPK Ts
75% RDF + Azotobacter 100:60:37.5 kg NPK + 2kg Azotobacter Ts
75% RDF + PSB 100:60:37.5 kg NPK + 2kg PSB T7
75% RDF + Azotobacter + PSB 100:60:37.5 kg NPK + 2kg Azotobacter + 2kg PSB Ts
100% RDF 150:80:50 kg NPK Ty
100% RDF + Azotobacter 150:80:50 kg NPK + 2kg Azotobacter Tio
100% RDF + PSB 150:80:50 kg NPK + 2kg PSB T
100% RDF + Azotobacter + PSB 150:80:50 kg NPK + 2kg Azotobacter + 2kg PSB Tio

Table-2 : Effect of various inorganic and biofertilizers on plant height at 30 DAT, 60 DAT and at harvest of onion.

Treatment Plant Height (cm)
30 DAT 60 DAT 90 DAT
To (Control) 22.57 43.11 48.21
T1 (50% RDF) 25.02 45.67 53.56
T» (50% RDF + Azotobacter) 25.20 46.04 54.11
T; (50% RDF + PSB) 25.67 46.56 54.67
T4 (50% RDF + Azotobacter + PSB) 27.10 47.81 55.03
Ts (75% RDF) 26.01 46.10 54.47
Te (75% RDF + Azotobacter) 31.67 52.17 58.07
T; (75% RDF + PSB) 32.33 53.47 59.51
Tg (75% RDF + Azotobacter + PSB) 33.10 55.21 60.67
Te (100% RDF) 26.47 48.01 55.89
T1o (100% RDF + Azotobacter) 27.87 49.10 56.40
T1 (100% RDF + PSB) 28.48 49.33 56.87
Ti2 (100% RDF + Azotobacter + PSB) 29.10 49.56 57.42
S. Em+ 1.36 2.14 2.07
C.D.(5%) 3.97 6.24 6.04

Table-3 : Effects of various inorganic and biofertilizers on leaf diameter and number of leaves after 30 DAT of onion.

Treatment

Number of leaves 30 DAT

Leaf Diameter (cm)
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0.13
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Materials and Methods

The investigation was carried out during Rabi season at
Vegetable Research Farm, Department of Horticulture,
Mahatma Jyoti Rao Phule, Jaipur (Rajasthan).The region
falls under Agro-Climatic Zone llI- A (Semi-Arid Eastern
Plain). Achrol is situated at 26.5° North latitude, 75.47°
East longitude and an altitude of 427 meters above Mean
Sea Level in Jaipur district of Rajasthan. The experiment
was laid out with three replication and 13 Treatment. The
plant to plant and row to row distance were taken 15 x 10
cm.

The climate in semi-arid characterized by extremes
of temperature both in summer and winter, with low
rainfall and moderate relative humidity. The average
annual rainfall is approximately 500 mm which is mostly
received during July to early September; sporadic
showers in winters are also not uncommon. The
maximum temperature ranges from 28 to 45°C during
May and June, while in December and January, it falls
below 3°C, evaporation ranges from 1.3-17.5 mm/day.
The meteorological data during the period of
experimentation recorded. The seeds of onion cv. Pusa
Red were sown in well prepared nursery beds. Before
sowing, the seeds were treated with fungicide Thiram @
2.5 gm per kg of seed. The seeds of onion cv. Pusa Red
were sown in well prepared nursery beds. Before sowing,
the seeds were treated with fungicide Thiram @ 2.5 gm
per kg of seed. The seedling were transplanting in winter
month December of 2016. Transplanting of seedlings was
done in evening hours in each experimental bed at the
spacing of 1510 cm, according to experimental design.
After transplanting, a light irrigation was given for the
proper establishment of the seedlings. The following
observations with regards to the growth and development
parameters were recorded.

All the intercultural operations like weeding watering,
gap filling etc. were carried out during the research
experiment.

Results and Discussion

The above investigation entitled “Effect of Inorganic and
Bio-fertilizer on Growth and Development of Onion (Allium
cepaL.) cv. Pusa red” was conducted at experiment field
of Vegetable Research Farm, Department of Horticulture,
Mahatma Jyoti Rao Phule, Jaipur (Rajasthan). The result
obtained form this investigation, according to different
parameter has been presented and explained blow.

Growth Parameter : The growth parameters like plant
height, number of leaves at 30, 60, 90 day and leaf
diameter after transplanting and it is shown in table-2 and
fig.-1.

Plant height : The plant height increased significantly with
the different treatments of organic manures, inorganic
fertilizers and bio-fertilizer upto harvesting. The
significantly maximum plant height was recorded in
treatment Tg (75 % RDF + Azotobacter + PSB) at 30, 60,
90 DAT and at harvest. While, the lowest plant height was
recorded in treatment T, (Control), The result revealed that
plant height was numerically maximum (33.10 cm) in
treatment Tg (75 % RDF + Azotobacter + PSB), which was
statically at par with T; and Ts. The lowest plant height
(22.57 cm) was found in treatment T, Plant height at 60
DAT was presented in showed significantly increase and
maximum plant height (55.21 cm) was recorded in Tg (75
% RDF + Azotobacter + PSB), which was statically at par
with T7 T T10, T11 and T12. While minimum plant height
(43.11 cm) was found in control (Ty). Plant height at 90
DAT was recorded significantly highest (60.67 cm) in Tg
(75 % RDF + Azotobacter + PSB), which was statically at
par with T4’ T(;y T7’ TgY T1o ; T11 and T12 T7, while minimum
plant height (48.21cm) was measured in absolute control
(To)-

This may be due to application of integrated nutrient
management, increased the photosynthetic activity,
chlorophyll formation, nitrogen metabolism and auxin
contents in the plants which ultimately improving the plant
height.

The increase in plant height may be due to
inoculation of biofertilizers and PSB might have increased
the amount of available phosphorus in the root zone for
the growth and development of plants. In addition to
phosphate solubilization these microbes can mineralize
organic phosphorus into a soluble form. These reactions
take place in the rhizosphere and the microorganism
render more phosphorus into soil solubilization required
for their smooth growth and metabolism. The surplus is
available for plants to be absorbed. It also produce
fungistatic and growth promoting substances, like auxins,
gibberlines, cytokines etc. which influence the plant
growth parameters by enhancing cell division, cell
elongation and thus increasing the metabolic activity
Jayathilake et al. (2002), Jayathilake et al. (2003), Reddy
and Reddy (2005), Singh ( 2002),Yadav ( 2005)

Number of leaves per plant : The data clearly indicated
that the number of leaves per plant of onion responded
significantly to various treatments of inorganic fertilizers
and biofertilizer under study. The significantly maximum
number of leaves per plant was recorded in the treatments
Ts (75 % RDF + Azotobacter + PSB) at 30 DAT and at
harvest. However, the minimum number of leaves per
plant was recorded under treatment T, (control) at 30 DAT
and at harvest. Probable reasons for enhanced more
number of leaves, may be due to promotive effects of
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Fig.-1 : Effects of various inorganic and biofertilizer on plant height after 30 DAT, 60 DAT
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integrated nutrient management on vegetative growth
which ultimately lead to more photosynthetic activities.
The Number of leaves per plant of onion differed by
different treatments of inorganic and biofertilizers is given
in depicted graphically in number of leaves per plant was
recorded at various growth stages viz. 30 days after
planting and at harvest. A critical examination of the data
revealed that number of leaves per plant was
comparatively lower at the initial stage (30 DAT) and their
after increased upto harvest.

It is apparent that the experimental results and data
presented in showed significant differences among all the
treatments for the number of leaves per plant after 30
DAT. The maximum number of leaves (4.33) was found in
treatment Tg (75 % RDF+ Azotobacter+ PSB), which was
statically at par Te and T7 The treatment T, (control)
showed the minimum number of leaves (2.67) per plant
after 30 DAT

Possible reason for increased number of leaves per
plant may be due to the improvement in growth related
attributes because of certain growth promoting
substances secreted by biofertilizers, better uptake of
water, nutrients and their transportation. Similar studies
were also conducted by Jayathilake et al. (2002),
Jayathilake et al. (2003), Reddy and Reddy (2005),
Kumar et al. (2010), Singh (2004).

Leaf diameter : The leaf diameter increased significantly
with the different treatments of inorganic fertilizers and
bio-fertilizer up to harvesting. The maximum leaf diameter
was found under the treatment Tg (75 % RDF +
Azotobacter + PSB), whereas the minimum leaf diameter
was found in the treatment To(control). A perusal of
experimental results and data presented in Table-3 and
Fig.-3 showed significant differences among all the
treatments for leaf diameter. The maximum leaf diameter
(2.60 cm) was found under the treatment Tg (75 % RDF +
Azotobacter + PSB), which was statically at par with Tg T+,

Tipand T2, Whereas the minimum leaf diameter (1.57 cm)
was found in the treatment T, These results are in
accordance with those of Brinjh et al. (2014).
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Abstract

The Cluster Front Line Demonstration (CFLD) on groundnut was carried out by 207 farmers on an area of 80 ha over the period
of five years (2016-17 to 2020-21). The individual plots selected were of the size of 0.5 to 1.5 acre per farmer. The technology
demonstrated was variety ‘Kadri - 6" with full package of practice including recommended dose of fertiliser (40:30:20 NPK,
Kg/ha) with plant protection as per requirement. The average yield during five years was 5.06 g/ha which was 47.5 % more than
farmers check yield. The average value of technology gap, extension gap and technology index were 2.4 g/ha, 1.6 g/ha and
32.5 % respectively. Average net return and benefit cost ratio were Rs.21,480/ha and 2.54 respectively over the period of five
years which were far better than farmers practice net return of Rs.11,560/ha and benefit cost ratio of 1.9. This could be due to
good management of demonstration plots with introduction of new variety and adopting improved package of practices.

Key words : Yield, technology gap, extension gap, technology index, CFLD and economics.

Introduction

Consuming groundnut is very beneficial for our health
especially in winters. Peanuts contain vitamin E,
magnesium, foliate, copper and arginine. Studies reveal
that peanuts can even be useful for weight loss and
reduce the risk of cardiovascular disease. The crop is of
great importance due to high edible oil content and
nutritious value of kernel as human food. It is very
important source of oil (40-45%), protein(26%),
carbohydrate (25%), minerals( Phosphorus, Calcium &
Irons) and vitamins. It is number one oilseed crop in India
with an area 4.91 million ha with a production of 9.95
million tons and productivity 20.63 g/ha. As far as
Jharkhand is concern it is far behind the national average
area, production and productivity. The sandy loam upland
soil is very much suitable for its cultivation in Jharkhand
with especially in Giridih district with an area of 300-350
ha and production of 300 — 320 tons with a productivity
10-11 g/ha. The poor productivity of groundnut in giridih
district may be due to non adoption of improved
production technology by the farmers and lack of
awareness about the new varieties of high potential yield.
Keeping in view the above facts KVK, Giridih conducted a
CFLD sponsored by Ministry of Agriculture (GOI) through
ICAR, ATARI, Patna (Zone 1V). The main objective of the
programme was to establish the impact of the groundnut
production technology and increase the productivity and
profitability of groundnut on farmers field. Similar
programme had also been taken up by Anonymous
2017-18, Dupare et al 2012 and Rajmal et al 2020.

The district has greater potential of groundnut
production due to favourable climate and soil condition. In
this district the recommended production technology has
not yet been adopted by the farmers due to various
reasons including suitable extended methodology. The
other reason may also include socio economic conditions
of the resource poor farmers. Hence it needs and efficient
technology transfer system on the basis of learning by
doing and seeing in believing principle. Recently farmers
have attracted towards groundnut cultivation due to
marketing of value added products of groundnut coming
from neighbouring and other state of the countries. Since
marketing of groundnut is not a being challenge for
farmers so they can be convinced for large scale
production with full package of practices and high yielding
of varieties. Groundnut kernel is consumed in various raw
and cooked form apart from extraction of oil. In recent
years groundnut have become an essential food item in
almost every house of Jharkhand particularly in urban and
semi-urban areas. The state of Jharkhand has taken a
various steps to popularize groundnut cultivation through
agencies like ATMA and NGOs. The well drained sandy
loam soils of entire Jharkhand especially district like
Giridih is very much conducive for groundnut cultivation.
Presently the low yield of groundnut in the state in general
and Giridih a particular is due to poor agronomic practices
such as highest seed rate, unbalanced fertilizer
application and faulty plant protection measures.

Materials and Methods

The study was carried out during kharif season from
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2017-18 to 2020-21 (four years) by KVK Giridih of
Jharkhand. The demonstration were conducted in
farmer’s field of 10 different villages of Giridih District in
agroclimatic zone -1V of Jharkhand. During these four
years of study a total numbers of 35, 27, 30 and 30
beneficiaries were selected in 2017-18, 2018-19, 2019-20
and 2020-21 respectively for this project. Farmers were
trained to follow the package and practices for groundnut
cultivation as recommended by the Birsa Agricultural
University and need based inputs were provided to the
beneficiaries (Table-1). The farmers followed the full
package of practices like soil testing, seed treatment with
fungicide and bio-fertilizer, recommended fertilizer
application, weed management, Integrated pest
management (IPM) practices etc. In case of local check,
the traditional practices were followed by using existing
varieties. An area of 40 hectare was covered under cluster
front line demonstration with active participation of 122
farmers. Before conducting CFLDs, a list of farmer was
prepared from group meeting and specific skill training
was imparted to the selected farmers.

In general, the soil of the Demonstration plot sites
were sandy loams in texture, acidic in reaction (pH 5.0 —
5.3), low to medium in organic carbon (0.4 — 0.6 %) and
low in available nitrogen (185.4 —211.5 kg N /ha), low in
available phosphorus (7.6 — 9.6 kg P»Os kg /ha) and low
in available potassium (85.7 — 111kg K>O /ha) shown in
Table-1.

In demonstration plots, use of quality seeds of
improved varieties (K-6), line sowing and timely weeding,
need based pesticide as well as balanced fertilizer were
emphasized and comparison has been made with the
existing practices shown in Table-2. Visit of farmers and
the extension functionaries was organized at demonstra-
tion plots to disseminate the message at large scale. The
beneficiaries under the programme were facilitated by
KVK Scientists in performing field operations like sowing,
spraying, weeding, harvesting etc. during the course of
training and visits. The traditional practices were
maintained in case of local checks. The data were
collected from both CFLD plot as well as control plots by
random crop cutting method and analysed by using
simple statistical tools. The technology gap and
technological index (Yadav et al.,, 2004) along with the
benefit cost ratio (Samui et al., 2000) were calculated by
using following formula as given below.

Technology Gap = Potential yield - Demonstration yield
Extension Gap = Demonstration yield - Farmers Practice yield
Technology Index

_ Potential yield - Demonstration yield
Potential Yield

x 100

Additional Return =Demonstration Return - Farmer's Practice Return

Percentage increase in yield

_ Demonstration yield - Farmers Practice yield "

Famer’s Practice Yield
Table-1 : Soil nutrient status of the demonstration plot.

100

Soil test report Demonstration plot

PH 5.0 - 5.3
Ec (dS m™) 110 — 1.17
Available N (Kg ha™) 185.4 — 211.5
Available P,Os (Kg ha™) 7.8 — 9.6
Available K;O (Kg ha™) 85.7 — 111
Organic Carbon (%) 0.4 — 0.6

Results and Discussion

The four year data in respect of CFLD on groundnut
conducted in Giridih district of Jharkhand have been
presented in Table-1 and Table-2. The data on existing or
farmers practice and recommended technology of
groundnut clearly shows that there was a gap between
recommended technology and farmers technology in
regard to variety, seed treatment, fertilizer application and
plant protection measures. The gap varied substantially in
respect of fertilizer management and partially in weed
management. Farmers use to practice traditional method
of all cultural activities and old varieties available in the
locality.

Groundnut Yield : Average groundnut yield under CFLD
was observed as 1620 kg/ha which was higher by 33.9%
over the prevailing farmers practice 1210 kg/ha. This
superiority of yield could be due to adoption of
recommended package of practices and high yielding
variety (K-6). The package of practices of groundnut
included new agriculture technology right from seed
treatment to harvesting of groundnut similar result were
also reported by Solanki and Nagor, 2020 Singh et al 2014
, Sharma et al 2016 and Solanki et al 2020. The low level
of yield of farmers plot was due to low yielding local
variety, unbalanced fertilizer application and poor
management of plant protection activities. The higher
yield of demonstration plot was also due to timely sowing
of groundnut as well as earthing up of groundnut with
timely plant protection measures.

Technology Gap : The data in respect of technology gap
for groundnut have been presented in Table-3, which
revealed that maximum technology found in the year
2017-18(340 kg/ha) and lowest in the year 2020-21(230
kg/ha). The average technology gap over the period of
four years was 290 kg/ha. The data also reveals that
technology gap went on reducing over the succeeding
years of CFLD (2017-18 to 2020-21). This may be due to
difference in agricultural practices, soil fertility status
timeliness of availability of inputs and timely agriculture
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Table-2 : Difference between technological intervention and farmer’s practices under CFLD on Sesame.

Particulars Technological Intervention in CFLD Farmers Practices Gap
Variety Kadri-6 Local/own seed Full gap
Seed rate 5 kg/ha 8-10 kg/ha High Seed rate
Sowing method/spacing Line sowing : Spacing Broadcasting uneven plant Partial gap

Row to Row — 30 cm population
Plant to Plant — 15 cm
Time of sowing 12-18 July 25-30 July Partial gap
Seed treatment Seed treatment was done with 2.5 gm of No seed treatment Full gap
Carbendazim
Fertilizer Balanced fertilizer application as per soil Imbalanced use of fertilizer 50  Full gap
test values, 52 kg/ha urea 88 kg/ha DAP kg urea as top dressing and 50
and 35 kg/ha MOP. kg of DAP as basal dose /ha
Weed management Application of oxadiazone @ 1.25 lit. ha-1  Mannual weeding at 35 — 40 Full gap

as pre — emergence + 1 HW
Plant Protection

stage

Spray of insecticide as per nature of
insects at 75 % flowering and pod filling

DAS

Injudicious use of insecticides Partial gap with high
and fungicides based on advice cost
of input dealers

Table-3 : Grain Yield and Gap analysis of cluster frontline demonstration on Groundnut.

Year Sample Sample Average Yield (q/ha) % increase  Technology  Extension Technolggy

Area (ha) F'::’r'ng:s Potential CFLD FP over FP Gap (9/ha)  gap (g/ha) Im:(i:eFxLl(J %)
2017-18 5.0 15 18-20 15.6 11.2 39.2 3.4 4.4 17.8
2018-19 30.0 110 18-20 16.0 12.8 25.0 3.0 3.2 15.7
2019-20 10.0 29 18-20 16.2 13.4 20.9 2.8 2.8 14.7
2020-21 30.0 77 18-20 16.7 11.1 50.4 2.3 5.7 12.1
Tot./Average 75.0 231 19.0 16.2 12.1 33.9 2.9 4.0 15.1

Table-4 : Economic analysis of the cluster frontline demonstration on Groundnut.
Year Total return Input Cost Net Return Addition B : C ratio
(Rs. per ha) (Rs. Per ha) (Rs. per ha) al return

Recomm Farmer's Recomm Farmer's Recomm Farmer’s (Rf‘ Per  Recomm Farmer’s

ended Practice ended Practice ended Practice CF?.D ended Practice
Practice (FP) Practice (FP) Practice (FP) Practice (FP)

(RP) (RP) (RP) (RP)
2017-18 93600 67200 40695 42000 52905 25200 27705 2.3 1.6
2018-19 96000 68000 36930 42500 59070 34300 24770 2.6 1.8
2019-20 97200 80400 38880 42300 58320 38100 20220 25 1.8
2020-21 100200 66600 47700 43180 52500 23420 29080 21 1.54
Average 96750 72450 41051 42745 55699 30255 25444 2.4 1.7
Note : Price of groundnut seed@ Rs. 60/kg

operation perform by the farmers as per suggestion of the
scientist. Therefore location specific recommendation and
suitable variety as per climatic condition appears to the
necessary to minimize the technology gap in different
farming situation. These location specific recommenda-
tion appear to be necessary to bridge the gap. Solanki et al
2013 and Singh et al 2014 and Kumar et al (2018)
reported similar results.

Extension Gap : The data on the extension gap (g/ha) for
the period of 2017-18 to 2020-21 have been presented in
Table-3. It varied from 2.8 g/ha to 5.6 g/ha over the period
of four years in respect of groundnut. The variation in
extension gap over the different years may be attributed to
difference in soil moisture status, soil fertility status and
non uniform timeliness of agricultural activities.

With an average of 4.0 g/ha this higher value of
difference in extension gap clearly indicates that there is a
need to trained the farmer through various methods of
extension technique like focused group discussion, audio
visual tools, Krishak gosti and farmers scientist
interaction. The similar results were reported by Singh et
al 2014, Mahadik and Palathi 2016, Mishra and Sarangi
2018 and Singh et al (2019).

Since the extension gap is the difference or gap
between the yield of demonstration plot and farmers
practice plot the observed extension gap may be
assigned to adoption of improved transfer of technology in
demonstration plots resulting in higher seed yield than
traditional farmers practices. The gap can be minimized
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by educating the farmers in the respect of new
technologies and varieties of groundnut.

Technology Index : The technology index of CFLD on
groundnut have been presented in Table-3. From the data
as in Table it is evident that technology index gradually
decreased from 17.8% to 12.1% over the period of four
years (2017-18 to 2020-21) with an average value of
15.1%. The highest value of technology index was
observed in 2017-18 and lowest value in 2020-21. The
Technology index indicates the feasibility of evolved
technology at the farmers field. The lower the value of T.I.
more is the feasibility of technology. From the data
observed during the different years it can be advocated
that awareness and adoption of improved variety with
recommended scientific package and practices have
increased during the consequent years of demons. The
result is in conformity with Sharma et al 2016, Solanki and
Nagar 2020, Kumar et al (2013), Prasad et al (2017),
Gangwar et al 2019 and Mitnala et al 2018 and Prasad
and Singh (2021).

Economics Analysis : The data on economics analysis
of CFLD on groundnut have been presented in Table-4.
The data clearly indicates higher gross return under
demonstrated plot (Rs. 96750/ha) than the farmers
practice ( Rs 72450/ha) which is due to higher average
yield under demonstrated plot than the farmers practice
plot. It is also evidence from the table that average cost of
cultivation in demonstrated plot and farmers practice plot
were (Rs 42,745/ha and Rs 41,051/ha respectively). The
net return in demonstration plot was Rs 55,699/ha
whereas in farmers practice plot was Rs 30,255/ha with an
additional return of Rs. 25,444/ha. This additional return
was 84% higher than farmers practice plot. The additional
return (Rs/ha) varied from Rs 20,220/ha to Rs 29,080/ha
over the period of four years. The maximum benefit cost
ratio (2.6) was during the year 2018-19 whereas it was
minimum (2.1) during the year 2020-21 with an average
value of four years. Solanki et al 2020, Prasad et al (2017)
and Sharma et al 2016 also reported similar results.

Conclusions

Thus it may be concluded from the above results that the
yield and net return in groundnut crop increased
significantly with the improved production technologies
and improved varieties. It can also be concluded that with
the adoption of scientific package & practices and the
technology gap and extension gap can be managed to
desirable levels and substantial profit enhancement. In nut
shell it can be advocated that suitable technologies and
suitable extension methodology can substantially
increase the output and outcome of groundnut in the
Giridih district of Jharkhand. The result also indicated that

CFLD has very good impact on the farming community of
the district.
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Abstract

The demonstration carried under Cluster Front Line Demonstration (CFLD) programme under NFSM during 2017-18 to 2020-21
by Krishi Vigyan Kendra, Giridih to minimize the yield gap, technology gap, extension gap and maximize the economic return
through improved package of practices. The outcome of the study revealed that yield of the horse gram under Cluster Front Line
Demonstration varied from 7.9 g/ha to 9.0 g/ha during five years which was 49.99 % higher than the yield under farmers
practice. The average technology gap and extension gap was 0.9 g/ha and 2.8 g/ha respectively. The technology index over
the four years varied from 5.2 % to 16.8 %, net return of demonstrated plot was between Rs. 18410/ha to Rs. 25435/ha during
different years. The Benefit Cost ratio of demonstrated plot varied from 1.9 to 2.3 whereas it varied from 1.5 to 1.8 for farmers

practice plot.

Key words : Technology gap, extension gap, technology index, CFLD, yield and economics.

Introduction

Horse gram is an important crop of South India. Its grain is
used for human consumption as ‘dal’ as well as in
preparation of so called ‘rasam’ and also as a
concentrated feed for cattle. It may also be used as green
manure. Horse gram (Macrotyloma uniflorum Lam.
(Verdc.)) is an underutilized (Aiyer 1990) and unexplored
(Reddy et al. 2008) food legume. It is considered as a
good source of protein, carbohydrates, energy (Bravo et
al. 1998). It is tolerant to drought (Bhardwaj and Yadav
2012), salinity (Reddy et al. 1998) and heavy metal
stresses (Reddy et al. 2005). Horse gram mainly grown in
India, Africa, Australia , Burma, Malaysia and West Indies
under low soil fertility status with few inputs (Witcombe et
al2008). In India , it is generally sown late in rainy season
by resource-poor farmers in marginal and drought prone
condition.

Horse gram is a short day and day neutral plant,
matures in 120-180 days after planting, (Cook et al.
2005). The land of Jharkhand is predominantly upland
and medium land suitable for pulse production and horse
gram is one of the important important kharif pulse crops
in Jharkhand in general and in Giridih district in particular.
Due to lack of awareness and knowledge about the recent
varieties and improved technologies farmers are still
using old varieties and traditional cultivation practices
resulting in poor productivity (430 kg/ha) of horse gram.
This is far below the average national productivity (750
kg/ha) and state average of 588 kg/ha. It is, therefore,
necessary to find out the technology gap in horse gram

production and also to know the problems and constraints
in adopting modern horse gram production technologies,
Islam et al, (2011). The Krishi Vigyan Kendra made an
effort to reduce the time lag between generations of
technology at the research institution and its transfer to
the farmers for increasing productivity and income from
the agriculture and allied sectors on sustained basis.
Krishi Vigyan Kendra is grass root level organisation
meant for application of technology through assessment,
refinement and demonstration of proven technologies
under different micro farming situations in a district. Krishi
Vigyan Kendra, Giridih took this opportunity of CFLD
programme under NFSM to analyse the constraints and
gaps in technology transfer and to overcome it through
farmers deep involvement by means of training, gosthi,
group discussion and field days. Frequent farmer scientist
interaction and scientists visit to farmers field right from
sowing to harvesting could generate enthusiasm in
famers for successful conduction of demonstration.
Considering the above discussed issue a project
implementation was under taken by the KVK , Giridih with
the main objective of studying the effect of Cluster
Frontline Demonstration on  Horsegram var. Birsa
Kulthi-1 in Giridih District of Jharkhand to boost the
production and productivity of pulses through CFLDs with
latest and specific technologies.

Materials and Methods

The study was carried out during kharif season from
2017-18t0 2020-21 (4 consecutive years) by KVK, Giridih,
Jharkhand. The demonstrations were conducted in
farmer’s field of 10 different villages of Giridih District in
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agro climatic zone-IV of Jharkhand. During these five
years of study a total numbers of 48,27,31 and 39
beneficiaries were selected in 2017-18,2018-19, 2019-20
and 2020-21 respectively for the project. Farmers were
trained to follow the package and practices for Horse gram
cultivation as recommended by the Birsa Agricultural
University and need based inputs were provided to the
beneficiaries (Table-2). The farmers followed the full
package of practices like soil testing seed treatment with
bio-fertilizer, fertilizer application, weed management,
Integrated pest management (IPM) practices etc shown in
Table-1. In case of local check, the traditional practices
were followed by using existing varieties. An area of 70
hectare was covered under cluster front line
demonstration with active participation of 187 farmers.
Before conducting CFLDs, a list of farmer was prepared
from group meeting and specific skill training was
imparted to the selected farmers.

In general, the soil of the Demonstration plot sites
were sandy loams in texture , acidic in reaction (pH 5.0 —
5.4) , low to medium in organic carbon (0.4 — 0.6 %) and
low in available nitrogen ( 186.6 — 210.8 kg N /ha), low in
available phosphorus (7.7 — 9.8 kg P205 kg /ha) and low
in available potassium (86.4 — 110 kg KO /ha) shown in
Table-1.

In demonstration plots, use of quality seeds of
improved varieties (Birsa Kulthi-1), line sowing and timely
weeding, need based pesticide as well as balanced
fertilizer were emphasized and comparison has been
made with the existing practices. Visit of farmers and the
extension functionaries was organized at demonstration
plots to disseminate the message at large scale. The
beneficiaries under the programme were facilitated by
KVK Scientists in performing field operations like sowing,
spraying, weeding , harvesting etc during the course of
training and visits. The traditional practices were
maintained in case of local checks. The data were
collected from both CFLD plot as well as control plots by
random crop cutting method and analysed by using
simple statistical tools. The technology gap and
technological index (Yadav et al., 2004) along with the
benefit cost ratio (Samui et al., 2000) were calculated by
using following formula as given below.

Technology Gap = Potential yield - Demonstration yield
Extension Gap = Demonstration yield - Farmers Practice yield

Technology Index = Potential yield - Demonstration yield <100

Potential Yield

Additional Return = Demonstration Return - Farmer’s Practice Return
Percentage increase in yield

_ Demonstration yield - Farmers Practice yield |
Famer’s Practice Yield

100

Table-1 : Soil nutrient status of the demonstration plot.
Soil test report Demonstration plot
PH 50-54
Ec (dS m™) 1.10 — 1.19
Available N (Kg ha™) 186.6 — 210.8
Available P,Os (Kg ha™) 7.7 - 98
Available K;O (Kg ha™) 86.4 — 110
Organic_Carbon (%) 0.4 — 0.6

Results and Discussion

Cluster Front Line Demonstration (CFLD) conducted
during 2017-18 to 2020-21 in different locations of Giridih
district indicated that the components of package and
practices like improved variety, spacing, balance dose of
fertiliser and weed/pest management had significant
effect on different yield and economic parameters of
Horse gram gram. The data in respect of yield
performance of demonstrated plot of Horsegram gram
was much higher than the local check/farmer’s practices.
The average per cent increase in yield comparing to local
variety/farmers practice was highest in 2019-20 (58.0%)
and lowest in 2017-18 (44.2%). The average
demonstrated yield during five years was 8.6 g/ha as
compared to farmers yield of 5.7 g/ha. On an average, the
yield of demonstrated plot of horse gram was 49.99 %
superior to the farmers plot during five years. The
difference in yield or yield gap between demonstrated crop
and farmers practice plot was clearly due to adoption of
improved variety of horse gram (Birsa Kulthi-1) as well as
due to improved package of practices including sowing
methods, seed rate, seed treatment, balance fertilizer
application and proper plant protection measures. The
non-uniform yield pattern in different years as shown in the
Table 3 may be due to variation in climatic condition over
the years. The yield superiority of demonstrated plot is in
conformity with Saikia et al.,(2018). Similar result was
also observed by Dubey et al., (2010) and Hiremath and
Nagaraju. (2007).

Technology Gap : The observed technology gap has
been presented in Table-3. The data of demonstrated
yield and potential yield shows that technology gap during
the different years varies from 0.5 g/ha to 1.6 g/ha. On an
average the technology gap for the demonstrated horse
gram was 0.9 g/ha which may be due to less difference
between potential yield and demonstrated yield . Variation
in climatic conditions over the different years resulted in
variation in yield attributing characters and impacting the
yield and economic parameters of demonstrated plot as
well as of farmers practice plot. This reflected in variation
in technology gap over the years marginally. Similar
findings were also recorded by Katare et al. (2011) and
Sharma and Sharma (2004).

Extension Gap (Q/ha) : The data in respect of extension
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Table-2 : Difference between technological intervention and farmer’s practices under CFLD on Horsegram.

Particulars Technological Intervention in CFLD Farmers Practices Gap
Variety Birsa Kulthi-1 Local/own seed Full gap
Seed rate 20 kg/ha 40 kg/ha High Seed rate
Sowing method/ spacing Line sowing , Broadcasting uneven plant Partial gap

Row to row- 30 cm population
Plant to plant — 15 cm
Time of sowing 1-10 September 15-30 September Partial gap
Seed treatment Seed treatment was done with 2.0 gm of No seed treatment Full gap
Carbendazim per kg seed, and with
Rhizobium culture + PSB @ 2 packet each
for 10 kg seed. 5ml imidachlorprid per kg
seed for sucking pests.
Fertilizer Balanced fertilizer application as per soil Imbalanced use of fertilizer 50 Full gap
test values, 112 kg DAP, 12 kg Urea and kg urea as top dressing and 50
40 kg/ha MOP. kg of DAP as basal dose /ha
Weed management Application of Fluchloralin 1.25 lit. ha-1  Mannual weeding at 35 — 40 Full gap

Plant Protection

as pre — emergence + 1 hand weeding at
30 DAS

Dichlorovas 1.0 It/ha spray of insecticide to
control pod borer at 75 % flowering and

DAS

Injudicious use of insecticides
and fungicides based on advice

Partial gap with high
cost

pod filling stage

of input dealers

Table-3 : Grain Yield and Gap analysis of cluster frontline demonstration on Horsegram.

Year Sample Sample Average Yield (q/ha) % increase  Technology  Extension Technolggy
Area (ha) F':?lﬁ::s Potential CFLD FP over FP Gap (g/ha) gap (g/ha) In%?:xl-é) %)
2017-18 10.0 35 9-10 8.8 6.1 44.2 0.7 27 7.3
2018-19 10.0 27 9-10 8.7 5.9 47.4 0.8 2.8 8.4
2019-20 10.0 30 9-10 7.9 5.0 58.0 1.6 2.9 16.8
2020-21 10.0 30 9-10 9.0 6.0 50.0 0.5 3.0 5.2
Average 40.0 122 8.5 8.6 5.7 49.99 0.9 2.8 115
(total) (total)
Table-4 : Economic analysis of the cluster frontline demonstration on Horsegram.
Year Total return Input Cost Net Return Addition B : C ratio
(Rs. per ha) (Rs. Per ha) (Rs. per ha) al return
Recomm Farmer's Recomm Farmer's Recomm Farmer’s (Rz per Recomm  Farmer’s
endgd Practice ende_d Practice endgd Practice CF?.)D endqd Practice
Practice (FP) Practice (FP) Practice (FP) Practice (FP)
(RP) (RP) (RP) (RP)
2017-18 44000 30500 20952 17940 23048 12560 10488 21 1.7
2018-19 43500 29500 19772 16400 23728 13100 10628 2.2 1.8
2019-20 39500 25000 20790 15625 18710 9375 9335 1.9 1.6
2020-21 45000 30000 19565 20000 25435 15435 15435 23 1.5
Average 43000 28750 20270 17491 22730 11472 11472 2.12 1.65
Note : Price of Horse gram Rs. 50/kg.

gap during different years as given in Table No.3. During
the demonstration period of 2016-17 to 2020-21 the
extension gap varied from 2.7 g/ha to 3.0 g/ha between
demonstrated and farmers practice plots. The low value of
extension gap clearly indicates farmer support and
involvement in carrying out these demonstrations. The
support and involvement of farmers in demonstration of
horse gram was due to training and frequent visit of
scientist to farmers field along with field day organised by
Krishi Vigyan Kendra The result is in conformity with
Bairwa et al ., (2013).

Technology Index : The calculated data of technology
index is clearly on lower side and varied from 5.2 % to 16.8
% during the demonstration period of five years (2016-17
to 2020-21). It has been depicted in Table 3. This indicates
the increased feasibility of the technology on location
specific farming situation. Since technology index is
influenced by technology gap and potential yield so lower
value of technology gap resulted in lower value of index
indicating more feasibility of the provided technology on
farmers field. Similar results is also found by Dhaka et al .,
(2015) and Tomar et al ., (2003)
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Economics of CFLD : Based on local inputs and labour
cost, significantly higher additional return of demonstrated
plot over farmers practice was achieved which varied from
Rs. 9335/ha to Rs. 15435/ha. On an average the total
return and net return was Rs. 43000/ha and Rs. 22730/ha
respectively, during five years which was much higher
than farmers practice of Rs. 28750 and Rs.11472
respectively for the same period. On an average benefit
cost ratio for demonstrated plot and farmers practice plot
was 2.12 and 1.65 respectively. The gross return of horse
gram was calculated on local market rate of horse gram
lifted by merchants from farmers field, which varied from
Rs. 48/kg to Rs. 52/kg over the different years. Here the
quality of horse gram grains under CFLD has been
assumed at par with farmers practice produce plots. The
result is similar to Meena et al., (2012), Prasad et al.,
(2017), Jha et al., (2020) and Prasad and Singh (2021).

Conclusions

The above finding of CFLD on horse gram may be
concluded in the way that technology gap can be
minimised to a considerable extent by adopting improved
variety and scientific package of practices along with
proper training of farmers. The productivity and
profitability can be enhanced by bringing down extension
gap through full involvement of farmers in the
demonstration process in form of training, group
discussion etc. It may be concluded that cluster
demonstration in a scientific way plays a vital role in
convincing farmers to adopt the improved technology. The
demonstration enhances the knowledge of farmers in
regard to improved variety, improved package of practices
and timely agricultural operations in the crop. All the
indicators like yield of horse gram, technology gap,
extension gap and technology index evaluated in this
demonstration clearly indicates the enhanced productivity
and profitability of horse gram in the district and
contributing to great extent in overall pulse production of
the district.
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Abstract

An experiment was conducted to evaluate the ten varieties of chrysanthemum Thai Chen Queen, Winter Queen, Pusa Adtiya,
Bidhan Mallika, Pusa Shwet, Pusa Guldasta, Garden Beauty, Pusa Arunodaya, Ravi Kiran and New Tata Century under
polyhouse condition at Floriculture and Landscaping Block, College of Horticulture, VCSG, Uttarakhand University of
Horticulture and Forestry, Bharsar, Pauri Garhwal, Uttarakhand in the month of September to December, 2021. The experiment
was laid out in completely block design with three replications. The results revealed that among the different varieties tried,
tallest plant (40.60 cm), maximum plant spread (25.82 cm), numbers of branches per plant (17.73), number of leaves per plant
(144.40), earliness in 1st flower bud appearance (52.86 days), maximum duration of flowering (24.13 days), stem length (30.60
cm), number of flowers per plant (23.44) and number of flowers per m? (211.81) were recorded in Pusa Adtiya. However, the
variety New Tata Century recorded maximum flower diameter (9.87 cm) and found statistically at par with Garden Beauty (9.41
cm). The variety Garden Beauty recorded maximum vase life (21.76 days). Thus, from the present study it can be concluded
that Pusa Aditya performed well in terms of earliness and flower yield. However, in case of flower quality and vase life Garden

Beauty was found good.

Key words : Asteraceae, chrysanthemum, evaluation, floral attributes and varieties.

Introduction

Chrysanthemum (Dendranthema grandiflora Tzvelev)
popularly known as Queen of East, autumn queen, mums
and guldaudi. It belongs to the family Asteraceae and
native to Northern Hemisphere, chiefly Europe and Asia. It
is one of the most important commercial flower crops
which have huge demands in international and domestic
markets. The long stemmed flowers are used for making
flower arrangements, bouquets and vase decoration. The
loose flowers are used for making garlands and religious
purpose. The compact and dwarf plants are suitable for
pot and bedding purpose. The different shape, size, colour
and extended vase life of flowers make it most preferential
as well as profitable crop among growers.

The performance of any crop or variety largely
depends on interaction between genotype and prevailing
climatic conditions. Munikrishnappa et al. (2013) stated
that plants have to be exposed to proper climatic
conditions in order to get optimum and economic flower
yield. For providing favourable climatic conditions to crop,
protected cultivation is one of the best options. Pleog and
Heuvelink (2006) reported that variations among
chrysanthemum varieties were found large in response to
environment particularly temperature. The interaction
between temperature and cultivar occur for every
developmental trait. The polyhouse planting of
chrysanthemum recorded significantly better growth and

yield 35-40% more to open planting (Gaikwad and
Dumbre, 2001). The main advantage of growing the crop
under cover or protected conditions is exploitation of
genetic potential of the genotypes (Akhtar et al,
2020).Evaluation of varieties for desirable traits is one of
the most important steps in crop improvement
programme. It helps in identification of variety(s) for
specific traits suitable for particular purpose (Kem et al.,
2003). In view of the importance and potentiality of the
crop, a study on evaluation of chrysanthemum varieties
on the basis of vegetative and floral attributes was
conducted.

Materials and Methods

The investigation was carried out under polyhouse
condition at Floriculture and Landscaping block, College
of Horticulture, VCSG Uttarakhand University of
Horticulture and Forestry, Bharsar, Pauri Garhwal,
Uttarakhand, India from September to December, 2021.
The experimental site was located at the high hills of
Himalaya at an altitude of 1900 meters above MSL, 29°
20’-29° 75’ N Latitude and 78° 10’-78° 80’E Longitude. A
total of 10 varieties of chrysanthemum collected from
Model Floriculture Center, GBPUAT, Pantnagar, were
used for divergence study. Ten varieties of
chrysanthemum viz., Thai Chen Queen, Winter Queen,
Pusa Adtiya, Bidhan Mallika, Pusa Shwet, Pusa Guldasta,
Garden Beauty, Pusa Arunodaya, Ravi Kiran and New
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Tata Century were procured from GBPUAT, Pantnagar
used for the study. The uniform size cuttings were planted
at a spacing of 30 cm x 30 cm. The experiment was laid
out in Completely Randomized Design (CRD) with three
replications. Standard cultivation techniques were
followed during entire period of investigation. The data on
various vegetative and floral attributes were recorded and
statistically analyzed (Gomez and Gomez, 1984).

Results and Discussion

Out of ten varieties of chrysanthemum evaluated for their
vegetative and floral attributes the data revealed in Table
1 showed significant difference in terms of plant height.
The tallest plant (40.60 cm) was recorded in Pusa Adtiya.
However, shortest plant (23.16) was observed in Thai
Chen Queen and found statistically at par with Pusa
Arunodaya (24.52 cm). The variation in plant height might
be due to differential characters of individual varieties that
expressed their genetic characters. Uddin et al. (2015)
stated that varietal characters are responsible by a gene.
A similar variation in plant height among chrysanthemum
varieties was also observed by Singh et al (2017), Rao
and Kumar (2014) in chrysanthemum. The maximum
number of branches per plant and plant spread (17.73 and
25.82 cm, respectively) were recorded in Pusa Adtiya and
found statistically at par with Winter Queen (15.33 and
23.56 cm, respectively), Pusa Shwet (16.43 and 24.24
cm, respectively). However, minimum number of
branches per plant and plant spread (7.21 and 15.72 cm,
respectively) were recorded in Thai Chen Queen and
found statistically at par with Pusa Arunodaya (9.70 and
17.31 cm, respectively), Ravi Kiran (9.93 and 19.46 cm,
respectively) and New Tata Century (8.53 and 16.95 cm,
respectively). The number of branches per plant and plant
spread are the hereditary traits and governed by genetic
makeup of plants. The results are in close conformity with
the findings Prakash et al. (2018), Thakur et al. (2018) and
Negi et al. (2020) in chrysanthemum.

The number of leaves per plant was ranged from
36.10 to 144.40, maximum in Pusa Aditya and minimum
in Thai Chen Queen. The variation in leaf production
could be attributed due to genetic characters of the
varieties. Similar findings have been reported by Sathian
et al. (2015) and Suvija et al. (2016) in chrysanthemum.
Winter Queen had maximum leaf area per plant (12.46
cm?) and found statistically at par with New Tata Century
(11.90 cm?). The minimum leaf area per plant (4.50 cm?)
was observed in Garden Beauty and found statistically at
par with Pusa Shwet (6.39 cm?). Variation in leaf area
indicates additive gene effects as showed by Nair and
Shiva (2003) in gerbera. The variation might be due to the
inherent  character of varieties under similar
environmental condition. The results obtained on this

aspect are in agreement with Jamaluddin et al. (2015) and
Kumar et al. (2015) in chrysanthemum.

The earliness in days taken for first flower bud
appearance (52.86 days) were recorded in Pusa Aditiya
and found statistically at par with Bidhan Mallika (53.40
days). The delay in days taken for first flower bud
appearance (72.59 days) were observed in Pusa
Guldasta and found statistically at par with Ravi Kiran
(71.46 days), Thai Chen Queen (69.58 days) and New
Tata Century (68.33 days). Behera et al. (2002) stated
that variation for late or early flowering seems to be
genetically controlled characters in the varieties. The
difference in time of blooming time might be due to
inherent characters of the individual variety as well as
presence of additive genes present in the individual
variety. This is in line with the findings of Srilatha et al.
(2015) and Suvija et al. (2016) in chrysanthemum.

Among 10 varieties tried, duration of flowering varies
from 13.76 to 24.13 days, minimum in Thai Chen Queen
and maximum in Pusa Aditiya. The maximum flower
diameter (9.87 cm) was recorded in New Tata Century,
whereas, minimum in Bidhan Mallika (4.59 cm). The
variations in duration of flowering and flower diameter
could be attributed due to the genetic makeup of the
varieties and their interaction with prevailing genotype
and environment. The result agrees with the findings of
Kumar (2014), Rao and Kumar (2014), Srilatha et al.
(2015) and Suvija et al. (2016) in chrysanthemum. The
stem length is a genetic factor and therefore, it is
expected to vary among the varieties. The maximum stem
length (30.60 cm) was recorded in Pusa Adtiya. Whereas,
the minimum stem length (13.16 cm) was recorded in Thai
Chen Queen. These differences in stem length may be
due to the presence of additive genes present in the
individual varieties. This could be attributed due to fact
that the same variety recorded tallest plant height which
leads to maximum stem length. These findings are in
corroboration with the works of Vetrivel and Jawaharlal
(2014) and Kireeti et al. (2017) in chrysanthemum.

The maximum numbers of flowers per plant and per
square meter (23.44 and 211.81, respectively) were
recorded in Pusa Aditiya. However, minimum number of
flowers per plant and per square meter (8.10 and 70.18,
respectively) were observed in Thai Chen Queen and
found statistically at par with Ravi Kiran (9.09 and 72.90).
Maximum number of flowers per plant in Pusa Aditiya
could be attributed due to favourable environment
condition under protected conditions which resulted
vigorous vegetative growth i.e. more plant spread and
number of leaves which enable the plant for
transformation of accumulated stock of photosynthesis to
reproductive sinks. This is confirmed by the findings of
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Table-1 : Evaluation of chrysanthemum varieties for vegetative and floral attributes under polyhouse condition.
Varieties Plant No. of Plant No. of Leaf Days taken  Duration Flower Stem No. of Number Vase
height branches  spread leaves area to first of diameter  length  flowers of life
(cm) per plant (cm) per (em?) flower bud  flowering (cm) (cm) per rowerzs (days)
plant appearance (days) plant per m

Vi 23.16 7.21 15.72 36.10 9.82 69.58 13.76 8.97 13.16 8.10 70.18 17.75
Vs, 32.76 15.33 23.56 138.40 12.46 67.46 18.26 8.76 22.76 16.03 144.48 19.25
Vs, 40.60 17.73 25.82 144.40 8.92 52.86 2413 6.73 30.60 23.44 211.81 17.15
A 35.33 13.83 20.69 7113 7.04 53.40 16.46 4.59 25.33 15.06 135.95 15.00
Vs 31.40 16.43 24.24 140.16 6.39 61.40 2213 9.07 21.40 18.06 161.89 18.00
Vs 28.09 11.26 20.37 68.80 10.10 72.59 16.26 5.04 18.09 11.23 102.76 15.68
7 34.18 14.26 2113 95.33 4.50 57.73 17.00 9.41 24.18 15.66 135.18 21.76
A 2452 9.70 17.31 56.83 8.22 67.33 14.63 8.60 14.52 8.72 78.63 18.33
Vs 33.84 9.93 19.46 58.86 8.24 71.46 15.26 9.19 23.84 9.09 72.90 20.39
Vio 28.35 8.53 16.95 39.86 11.90 68.33 14.06 9.87 18.35 8.32 74.60 19.72
SE (d) 2.28 2.20 1.42 0.60 1.50 2.28 1.42 0.60 210 1.44 3.39 1.33
C.D. 4.80 4.62 2.98 1.26 3.15 4.80 2.98 1.26 4.42 3.03 712 2.78

V; (Thai Chen Queen), V, (Winter Queen), V3 (Pusa Adtiya), V4 (Bidhan Mallika), Vs (Pusa Shwet), Vg (Pusa Guldasta), V7 (Garden
Beauty), Vg (Pusa Arunodaya), Vo (Ravi Kiran) and Vio (NewTata Century)

Rao and Kumar (2014) and Suvija et al. (2016) in
chrysanthemum. The vase life was ranged from 15.00 to
21.76 days, maximum in Garden Beauty and minimum in
Bidhan Mallika. The variations in vase life may be due to
the different accumulation of carbohydrates due to varied
leaf production and sensitivity of cultivars to ethylene and
also might be due to genetical makeup of genotypes as
reported by Jamaluddin et al. (2015) in chrysanthemum
and Deka and Talukdar (2015) in gerbera.

Conclusions

Thus, from the present study, it can be concluded
that Pusa Aditya performed well in terms of plant height,
plant spread, earliness in flowering, duration of flowering
and flower yield. For the quality attributes like flower
diameter and vase life, varieties Garden Beauty, Winter
Queen and New Tata Century were found better.
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Abstract

A study was undertaken on sandy loam soils of dryland farm at S.V. Agricultural College, Tirupati campus of Acharya N.G.
Ranga Agricultural University during kharif, 2019. The experiment was laid out in split-plot design with three replications having
four times of sowing [Il FN of June (S1), | FN of July (Sz), Il FN of July (Ss), and | FN of August (S4)] as main plots and four
nitrogen levels [0 kg N ha-'(N1), 20 kg N ha-' (N2), 40 kg N ha'' (N3) and 60 kg N ha-' (N4)] as sub plots. Among the sowing times
tried, Il FN of June (S1) sown crop resulted in the higher growth parameters (plant height, leaf area index, dry matter production
and numbers of tillers m-2), grain yield and straw yield. While their lowest were with the crop sown during | FN of August (Sa).
Application of 60 kg N ha' (N4) increased the growth parameters, grain yield and straw yield. Reduced growth parameters,
grain and strawyieldswere observed with no nitrogen application (N).

Key words : Growth parameters, nitrogen levels, proso millet, times of sowing and yield.

Introduction

The term “millet” is used for several small seeded annual
grasses that are of minor importance in the western world
but a staple food in the diets of African and Asiatic people.
Millets can be cultivated in the wide range of soils and
climates and are of special importance in semiarid regions
because of their short growing seasons (Schery, 1963).

Panicum miliaceum, also known as proso millet,
cheena, common millet, hog millet, broom corn, yellow
hog, Hershey or white millet, is planted in some African
countries as a food crop. Proso millet planted after wheat
in a wheat-proso-fallow rotation is an excellent way to
control or atleast reduce infestation of annual weeds
(Nelson and Daigger, 1975). In India, proso millet is grown
mostly in Southern India although it is cultivated in
scattered localities in Central and hilly tract of North India.
Itis a short duration crop sometimes used as contingency
or insurance crop against a crop failure, due to
unfavourable weather conditions or natural calamities. It
also possesses special characters for adoption under
adverse conditions such as drought, high temperature,
low soil fertility and infestation of disease and pests.Time
of sowing is considered as one of the most important
non-monetary inputs which plays a key role in increasing
yield especially in Southern Agro-climatic region. Nitrogen
is a major plant nutrient which helps in higher biomass
accumulation and vyield of the crop. Very little research
has been conducted with millets, especially proso millet,
compared with other cereal grains in terms of optimum
time of sowing and nitrogen dose.In this article, the growth
and yield of proso millet due to varied sowing time and
nitrogen levels are discussed.

Materials and Methods

A field experiment was carried out during kharif, 2019, at
S.V. Agricultural College Farm, Tirupati campus of
Acharya  N.G. Ranga  Agricultural University.
Theexperimental soil was sandy loam in texture, neutral in
soil reaction (7.3), low in organic content (0.46%) and
available nitrogen (197.20 kg ha™), medium in available
phosphorus (38.10 kg ha”) and available potassium
(274.40 kg ha™"). The experiment was laid out in a split-plot
design with sixteen treatment combinations and replicated
thrice. The treatments include four sowing times allotted to
main plots viz., Il FN of June (S;), | FN of July (Sy), Il FN of
July (S3) and | FN of August (S4) and four nitrogen levels
allotted to sub plots viz., 0 kg N ha™'(N4), 20 kg N ha™ (Ny),
40 kg N ha™ (Ng) and 60 kg N ha™ (N,). The test variety of
proso millet used was DHPM-2769 and the spacing
adopted was 25 cm x10 cm. Nitrogen was applied through
urea as per the subplot treatments where 50 per cent was
applied as basal and the remaining half was top dressed
at 20 DAS. Phosphorus was applied @ 20 kg ha™
common to all the plots as basal.

Five plants were selected at random from net plot
area and labeled with tags for recording growth
parameters viz., plant height, leaf area index, dry matter
production and numbers of tillers m? at 20 DAS, 40 DAS,
60 DAS and at harvest. The grain and straw obtained from
the net plot area including the sampled plants were
thoroughly sun dried, weighed and expressed in kg ha™.
The data obtained was statistically analysed by following
the analysis of variation for split-plot design with factorial
concept as suggested by Panse and Sukhatme (1985).
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Table-1 : Growth parameters of proso millet as influenced by times of sowing and nitrogen levels.

Treatments Plant height Leaf area index Dry matter production Number of tillers m?
(cm) (kg ha)

Times of Sowing (S)
S1 - Il FN of June 92.0 1.05 4577 248
S, - | FN of July 86.0 0.97 4203 226
Ss - Il FN of July 77.0 0.90 3757 210
S, - | FN of August 66.0 0.83 3222 159
SEmz+ 1.21 0.014 73.4 3.6
CD (P=0.05) 41 0.05 259 13
Nitrogen levels (N)
N; - Control 68.0 0.77 2923 183
N2 - 20 kg ha 76.0 0.93 3744 199
Ns - 40 kg ha 86.0 1.00 4255 218
N, - 60 kg ha 91.0 1.06 4840 243
SEmz 1.02 0.017 99.9 3.7
CD (P=0.05) 3.0 0.05 293 11
Times of sowing (S) x Nitrogen levels (N)
N at S
SEmz+ 2.42 0.027 146.8 7.2
CD (P=0.05) NS NS NS NS
S at N
SEmz 217 0.032 187.9 7.4
CD (P=0.05) NS NS NS NS

Table-2 : Grain and straw yield of proso millet as influenced

by times of sowing and nitrogen levels.

Treatments Grain yield (kg ha™) Straw yield (kg ha-1)
Times of Sowing (S)
S1 - Il FN of June 1239 2909
S, - | FN of July 1145 2688
S; - Il FN of July 1052 2428
S; - | FN of August 745 2131
SEmz+ 25.4 52.6
CD (P=0.05) 90 185
Nitrogen levels (N)
N, - Control 796 2058
N, - 20 kg ha 954 2448
Ns - 40 kg ha 1127 2672
N; - 60 kg ha 1304 2977
SEmz 36.3 71.9
CD (P=0.05) 107 211
Times of sowing (S) x Nitrogen levels (N)
N at S
SEmz 50.9 105.2
CD (P=0.05) NS NS
S at N
SEmz= 67.9 135.3
CD (P=0.05) NS NS

Statistical significance was tested by F test at five per cent
level of probability. Critical difference for the significant
source of variation was calculated at five percent level of
significance. Treatmental differences that were not
significant were denoted by NS. Growth parameters
recorded at 20 DAS, 40 DAS, 60 DAS and at harvest,
grain and straw yields obtained were presented.

Results and Discussion

Growth parameters : Sowing time and nitrogen levels
exerted significant influence on growth parameters of
proso millet while their interaction was found to be non
significant (Table-1). Plant height, leaf area index, dry
matter production and numbers of tillers m? increased
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significantly when the crop was sown during Il FN of June
(S4) than that of | FN of July (S). Significantly lesser
growth parameters were with the crop sown during | FN of
August (S4) compared to the crop sown during Il FN of July
(S3)- The favourable weather conditions existed during the
growth period of early sown crop might have increased the
photosynthetic rate which resulted in taller plants, higher
leaf area index and increased dry matter production. The
increased moisture available with the crop sown during Il
FN of June (S;) might have increased the tiller buds which
resulted in higher numbers of tillers m?. Similar findings
were observed with Deshmukh et al. (2013). Application of 60
kg N ha™' (N,) revealed significantly higher plant height,
leaf area index, dry matter production and numbers of
tillers m? compared to that with 40 kg N ha™ (N3) while
their lowest were obtained with 0 kg N ha (N;). The
increased auxin levels with higher dosage of nitrogen
might have enhanced cell multiplication and cell
elongation which increased plant height, leaf area index
and thus dry matter production. Higher numbers of tillers
m? with 60 kg N ha™ (N4) might be due to increased
cytokinin  synthesis, which promoted the growth and
development of tiller buds at each node of the shoot.The
results were closely related with the findings of Singh and
Maurya (2013) and Arshewar et al. (2018).

Grain and straw yield : Times of sowing and nitrogen
levels significantly influenced the grain and straw yield.
However their interaction effect was not statistically
traceable (Table 2). The higher grain and straw yield was
realized with 1l FN of June (S;) sown crop which was
significantly higher than that of | FN of July (S;). Whereas
the crop sown during | FN of August (S4) resulted in lower
yield. Increased grain and straw yield with early sown crop
might be due to favourable weather conditions
experienced by the crop with prolonged photoperiod due
to which efficient translocation of assimilates was
observed thereby increasing the yield. These results were
inline with the findings of Mubeena et al. (2019) and
Nandini and Sridhara (2019). Crop that received 60 kg N
ha™ (N4) resulted in significantly higher grain and straw
yield than with other lower nitrogen levels tried. Lowest
grain and straw yield were recorded with control (N).
Higher rate of nitrogen metabolism with 60 kg N ha™ (N,)
might have resulted in production of more carbon
accumulationand thus increasing grain and straw yield.

Similar results were obtained by Jyothi et al. (2016) and
Arshewar et al. (2018).

Conclusions

From the present experiment it can be inferred that proso
millet sown during Il FN of June (S;) resulted in
significantly higher growth parameters, grain yield and
straw yield. With respect to nitrogen levels, crop supplied
with 60 kg N ha' (N,) resulted in superior growth
parameters, grain yield and straw vyield. Hence, it is
concluded that the optimum time of sowing for proso millet
is Il fortnight of June with 60 kg N ha™.
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Abstract

A study was conducted to evaluate the insecticidal bioefficacy of plant extracts against Chrysanthemum aphid,
Macrosiphoneilla sanborni (Gillette) in open field conditions at College of Horticulture, VCSG Uttarakhand University of
Horticulture and Forestry, Bharsar, Pauri Garhwal. The experiment consists of eleven treatments i.e. Control, Neem leaf extract
@4%, Artemisia leaf @5%, Onion bulb @5%, Ginger rhizome extract 4%, Turmeric rhizome @4%, Papaya leaf @5%, Marigold
leaf @5%, Nettle grass @5%, Garlic bulb @4%, Chilli fruit @5%. The spray of plant extracts was done for two times at 20 days
intervals when incidence of chrysanthemum aphid population was above ETL. The experiment was laid out in Randomized
Complete Block Design with three replications. After 1st and 2nd spray the highest per cent reduction in aphid population
(53.98% and 42.99%) and maximum yield (53.60 g/ha) over pretreatment was recorded in Neem leaf extract @4%. The results
of this study revealed that among all the extracts tried neem leaf extract was found to be the most promising as it gave the
highest per cent reduction in aphid population whereas lowest per cent reduction was seen in the Nettle grass @5%. Floral
farmers as well as the floral industry will be benefited with our research as they may replace the chemical pesticides with

botanicals.

Key words : Bioefficacy, chrysanthemum, population, reduction, toxicity.

Introduction

Chrysanthemum (Dendranthema grandiflora Borkh) gets
its name from the Greek words Chryos — golden, anthos —
flower and belongs to the family Asteraceae.
Chrysanthemums were cultivated in China as early as 15"
century BC. The plants were used as herbs and the roots
and leaves were eaten. The plant migrated to Japan
several centuries later and thrived in the temperate
climates of Asia (Brahma, 2002). Presently 2000 varieties
are grown around the world and in India about 1000
varieties are grown (Datta and Bhattacharjee, 2001).
Tamil Nadu, Karnataka, Andhra Pradesh, Maharashtra,
Rajasthan, Madhya Pradesh and Gujarat are the major
states of India where large area is under chrysanthemum.

In India, it has been recognized as one among the
five commercially important flower crops. Chrysan-
themums are grown for cut flowers, loose flowers, as
potted plants and as border plants in the garden (Zhang et
al., 2020). In North India various hues of red, yellow, white
and purple colored chrysanthemums are grown in
abundance for decorating the landscape either in the
ground or in pots. But in South India mostly the yellow
colored flowers are preferred and grown as loose flowers
for trade. Profitable production of chrysanthemum is
constrained by several factors, the most important being

damage caused by insect pests such as aphids,
caterpillars, mites, whiteflies, thrips and leaf miner
(Janakiram et al., 2006).

The chrysanthemum aphid, Macrosiphoniella
sanborni (Gillette) is a widespread pest on cultivated
chrysanthemum throughout the world. It is an
anholocyclic species with East Asian origin (Blackman

and Eastop 2006). Macrosiphoniella sanborni is a vector

of chrysanthemum viruses, vein mottle and virus B.
More than 15 species are known to colonize cultivated
and wild chrysanthemum (Miller and Stoetzel, 2001). The
aphid causes significant damage which results in
deformation and disturbance of flower development
(Heie, 1995). All of these factors together cause
significant economic damage to chrysanthemum by

decreasing their beauty and the value of cut flowers.
Infestation of M. sanborni on chrysanthemums result in
loss of vigour, yellowing, premature leaf fall and stunted
growth (Pal and Sarkar, 2009). In heavy infestations, the
honeydew deposits secreted by the aphids favour the
development of sooty moulds, and the aphids can
transmit viral diseases. Field evaluation with formulated
neem extracts revealed the effect to be more of growth
regulatory nature thereby showing that azadirachtin is a
physiological toxin for aphid species. Neem seed extracts
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T. No. Treatments Plant Part Used Concentration (%)
T, Control - -
Tz Azadirachta indica (Neem) Leaf extract 4
Ts Artemisia vulgaris Leaf extract 5
Ta Allium cepa (Onion) Bulb extract 5
Ts Zinziber officinalis (Ginger) Rhizome extract 4
Te Curcuma longa (Turmeric) Rhizome extract 4
T7 Carica papaya (Papaya) Leaf extract 5
Ts Tagetes minuta (Wild Marigold) Leaf extract 5
To Urtica dioica (Nettle sting grass) Leaf extract 5
Tio Allium sativum (Garlic) Bulb extract 4
T4 Capsicum _annuum (Chilli_fruit) Fruit extract 5

Table-2 : Efficacy of different plant extracts against population of aphid Macrosiphoniella sanborni after 1% spray.

Treatments Concentration No. of aphids/10 cm twig at indicated period
(%) Before 1 3 5 7 Pooled Per cent reduction
spray DAS DAS DAS DAS mean over control
T4 Control 31.13 31.28 31.53 32.54 33.51 32.21 -
T, Neem leaf 4 28.76 23.03* 13.76* 11.86* 10.66* 14.82 53.98
Ts Artemisia leaf 5 23.83* 21.73* 18.93* 13.40* 13.46* 16.88 47.59
T4 Onion bulb 5 28.33 24.70* 22.00* 14.53* 13.40* 18.65 42.09
Ts Ginger rhizome 4 22.90* 22.46* 19.63* 15.06* 12.33* 17.37 46.07
Ts Turmeric rhizome 4 26.90 23.66* 19.73* 14.20* 11.20* 17.19 46.63
T, Papaya leaf 5 25.76* 24.33* 22.03* 16.20* 11.26* 18.45 42.71
Ts Marigold leaf 5 23.73* 22.93* 22.66* 14.86* 12.93* 18.34 43.06
To Nettle grass 5 27.80 26.16* 24.26* 16.26* 13.26* 19.98 37.96
T1o Garlic bulb 4 23.30" 20.16* 17.90" 14.46* 12.40" 16.23 49.61
T Chilli fruit 5 26.23* 25.20* 24.96* 15.26* 13.20* 19.65 38.99
SE(d) 1.806 1.925 1.948 2.259 1.855
C.D. (0.05) 3.793 4.045 4.092 5.315 3.896
*Significant at 5% level of significance as compared with control, DAS = Days After Spray
reduced the population of aphid on respective host plants affordable (Sharma and Signhivi, 2017). Synthetic

significantly, EC50 values being 0.88 and 0.96 for
Macrosiphoneilla rosae (L.) and M. sanborni respectively
(Opender, 1999).

Only female chrysanthemum aphids are known.
They reproduce parthenogenetically by giving birth to
more females. When the winged female stage infests new
plants, it usually starts feeding and producing live
nymphs. Each female can produce 4-8 young aphids per
day. Within about a week the new nymphs mature into
wingless females which begin to bear youngones of their
own. One aphid on a plant in a short time may build the
population up to hundreds of individuals. As the plant
becomes crowded, more and more of the offspring
develop into winged females which in turn migrate to other
plants to begin new infestations (Valizadeh et al., 2013).
Botanicals have many advantages in comparison to
synthetic insecticides. For example they have low
mammalian toxicity effects, human health and
environmental friendly, also they are easily available and

chemicals may cause risk to human health and also leads
to acute or chronic poisoning, also chronic diseases like
cancer, respiratory problems and fertility problems
(Mustafa et al., 2017).

Materials and Methods

An area of 9.4x3.2m? was ploughed thoroughly with the
power tiller followed by two cross tilling and it was leveled
with the help of a leveler. After the field was ploughed it
was divided into 33 plots (each plot 90cm x 90cm) having
proper irrigation channels, path and space so that the
different replications and plots could be marked.

Collection of different plants was done from the
nearby places. Extract was prepared by crushing the
leaves, bulbs, rhizomes and fruits separately. The
crushed material was separated through muslin cloth and
was filtered by filter paper. Five plants out of nine were
selected randomly and the spray application was given on
the appearance of the pest as well as natural enemy and
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Table-3 : Efficacy of different plant extracts against population of aphid Macrosiphoniella sanborni after 2™ spray.

Treatments Concentration No. of aphids/10 cm twig at indicated period
(%) Before 1 3 5 7 Pooled Per cent reduction
spray DAS DAS DAS DAS mean over control
T4 Control - 30.43 30.56 30.66 31.71 31.64 31.14 -
T, Neem leaf 4 27.03* 22.30* 21.10* 14.65* 12.98* 17.75 42.99
Ts Artemisia leaf 5 26.83* 22.83* 21.60* 18.91* 16.97* 21.42 31.21
T4 Onion bulb 5 21.80* 26.70* 24.40* 22.43* 18.55* 23.02 26.07
Ts Ginger rhizome 4 22.70* 23.33* 22.60* 20.43* 17.50* 20.96 32.69
Ts Turmeric rhizome 4 26.73* 23.00* 22.16* 19.22* 17.30* 20.42 34.42
T; Papaya leaf 5 23.03* 26.10* 23.93* 21.32* 18.31* 22.41 28.03
Ts Marigold leaf 5 29.80 25.10* 23.33* 20.04* 17.69* 21.54 30.82
Ty Nettle sting grass 5 25.80* 29.33 26.33* 23.00* 19.10* 24.44 21.51
T1o Garlic bulb 4 22.80* 22.66* 21.13* 18.83* 14.74* 19.34 37.89
Ti1 Chilli fruit 5 23.70* 26.90 26.00* 22.78* 19.07* 23.68 23.95
SE(d) 1.496 1.757 1.382 1.423 1.554
C.D. (0.05) 3.142 3.691 2.903 2.989 3.264
*Significant at 5% level of significance as compared with control, DAS = Days After Spray
Table-4 : Effect of different plant extracts on the yield of Chrysanthemum flower.
Treatments Yield (g/plot) Yield (Q/ha) Avoidable Yield losses
Q/ha Per cent
T4 Control 269.57 33.28 - -
T, Neem leaf 434.18 53.60 20.32 37.91
T3 Artemisia leaf 316.05 39.01 5.76 14.76
T4 Onion bulb 362.60 44.76 11.48 25.64
Ts Ginger rhizome 425.33 52.51 19.23 36.62
Ts Turmeric rhizome 406.18 50.14 16.86 33.62
T7 Papaya leaf 292.12 36.06 2.78 7.7
Ts Marigold leaf 340.83 42.07 8.79 20.89
To Nettle sting grass 281.85 34.79 1.51 4.34
T1o Garlic bulb 321.68 39.74 6.46 16.25
T Chilli fruit 312.88 38.62 5.34 13.82
SE(d) 5.15 0.63
C.D. (0.05) 10.83 1.33

subsequently 2 sprays were given at 20 days interval
using manually operated garden hand sprayer with
duromist nozzle. Extracts of respective plant materials
were made by grinding the sufficient quantity of leaves,
bulbs, rhizomes and fruits using grinder. Aphid population
was recorded on 10 cm long terminal twig from randomly
selected 5 plants before and 1, 3, 5 and 7 days after first
and second spray applications.

The per cent reduction of pest over control was
calculated by using the following formula (Abbott, 1925).

C-T

Per cent reduction = x 100

Where,
T = Treatment
C = Control

Avoidable loss (%) was calculated by applying
formula :

Yield in Treatment - Yield in Control "

Avoldable oss (%) = Yield in Treatment

100

Yield : The weight of entire flowers harvested from each
plot were recorded for each treatment. The yield per plot
was worked out and expressed as gram (g), kilogram (kg)
and quintal/ha.

_ YieldPlot y 10000

Yield (g/ha
(a/ha) Plot size 100

Results and Discussion

Effect of different plant extracts viz., Neem leaf @4%,
Artemisia leaf @5%, Onion bulb @5%, Ginger rhizome
@4%, Papaya leaf @5%, Turmeric rhizome @4%,
Marigold leaf @5%, Nettle grass @5%, Garlic bulb @4%
and Chilli fruit @5% were evaluated against aphid
Macrosiphoneilla sanborni. The results were evaluated
one day before and 1, 3, 5 and 7 days after first and
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second sprays as shown in Table 2. The data showed that
among all the plant extracts tried most promising plant
extract was found Neem leaf extract followed by Garlic
bulb extract with the pooled mean of 14.82 and 16.23
aphids/twig population, respectively. Similar observations
was recorded by Bahar et al. (2007) who applied
botanicals against bean aphid. They concluded that the
Neem and Garlic extract gave up to 50.90% and 37.53%
reduction in aphid population. The next best treatment
was found to be Artemisia and Turmeric with 16.88 and
17.20 aphids/twig, the result was found in close conformity
with the research done by Mehta and Sharma (2009) who
observed that the 5% concentration of Artemisia extract
gave significantly minimum reduction in aphid weight after
Azadirachtin.

The per cent reduction of aphid in Neem and Garlic
extract was recorded as 53.98%, 42.99% and 49.61%,
37.89% respectively, after both the sprays (Table-2 and
3). The same is represented graphically for easy
reference (Figs.-1 and 2) showing the efficacy of all the
treatments against the pest. Among the different
botanicals sprayed, the overall maximum mean aphid
population was found in the plot treated with Nettle sting
grass extract @5% followed by Chilli fruit extract @5%
showed the per cent reduction of 37.96%, 21.51% and
38.99%, 23.95% after both the sprays as shown in the
Table 2 and 3 but they were found to be superior over
untreated control against aphid. Although, there are few
researches on the insecticidal activity of Nettle grass,
Bozsik (1996) in one of his experiment found a very little
effect of nettle extract on Hyalopterus pruni (Mealy plum
aphid) and found that the number of aphids kept
increasing from 89.5 to 193.7 in just a week.

The vyield of chrysanthemum flower under different
treatments varied from 33.28 to 53.60 g/ha. The
maximum yield (53.60 g/ha) was recorded from the plot
treated with Neem leaf extract @4% and followed by
Ginger extract and Turmeric extract (52.51 and 50.14
g/ha, respectively) as shown in the Table 4. These
findings are in conformity with the research done by
Gupta (2005) and Amin and Defray (2013) who reported
that the Neem leaf extract was very effective against
aphid population. In our study, the minimum yield was
found in Nettle grass extract (34.79 g/ha) followed by
Papaya leaf extract (36.064 qg/ha). The maximum
avoidable loss percentage was found in the treatment T,
Neem leaf extract (37.91%), Ts Ginger rhizome extract
(36.62%) and Tg Turmeric extract (33.62%) while
minimum avoidable loss percentage was found in Papaya
leaf extract (7.7%) and Nettle grass leaf extract (4.34%).
Therefore, the highest yield loss could be avoided by the
application of Neem leaf extract 4% followed by Ginger

rhizome extract 4% and Turmeric rhizome extract 4%.
Kora and Teshome (2016) confirmed that the minimum
(0) aphids were recorded from the plot they treated with
Ginger extract.

On the other hand, Papaya leaf extract @5% and
Nettle grass extract @5% proved to be least effective
against the pest M. sanborni, as they recorded the lowest
yield. These results are in line with the findings of
Choudhary et al. (2017) proved that the Neem based
insecticides, Nimbecidine @ 5ml/l was most effective
against stem borer with avoidable loss percentage of
23.81%. Thus from the present investigation it can be
concluded that among all the plant extracts, Neem leaf
extract 4% and Garlic bulb extract 4% were found to be
highly effective against M. sanborni.
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Abstract

Cumin (Cuminum cyminum L.) is important spices crop commonly known as Jeera and belongs to Apiaceae family. There are
so many sucking insect pests attacking the cumin crop. Among them, thrips was a major pest of this crop in Saurashtra region
as the farmers of Saurashtra regions are facing the infestation of thrips since two years. This emerging pest is attacking after 20
to 30 days of sowing of the crop and damaging the crop by sucking the cell sap continuously which leads to drying up of the
leaves, branches and stem. To combat thrips, several chemical pesticides have been used as a spray application. However,
problems like residues in seeds and environmental contamination are the result of injudicious use of chemical pesticides that
leads to pesticide resistance, poisoning and hazards to non-target organisms etc. To overcome the insecticidal resistance
problem and as this pest is attacking more within first month of sowing, seed treatment along with botanical insecticides are one
of the important considerations to manage the pests in a non-chemical way. In order to study the different seed treatments
along with foliar application of botanicals, the results revealed that, among the different seed treatments, thiamethoxam 30 FS
have reduced thrips population to a greater extent which was followed by clothianidin 50 WDG and imidacloprid 30.5 SC.
Whereas, among foliar application of botanicals, NSKE 0.25% was found better than rest of the treatments i.e., azadirachtin
10000 ppm and tobacco decoction 0.25%. Moreover, the highest seed yield harvested in the plots treated with thiamethoxam
0.10% + NSKE 0.25% followed by imidacloprid 0.122% + NSKE 0.25%.

Introduction the result of injudicious use of chemical pesticides.
Among the several avenues to overcome the insecticidal
resistance problem and as this pest is attacking more
within first month of sowing, to check the effect of seed
treatment along with replacement with new molecules of
insecticides is one of the important considerations.
Botanical insecticides are one of the alternatives to
conventional pesticides in agricultural pest management.
Botanical pesticides are the naturally occurring secondary
metabolites (phytochemicals) and extracted from the
plant sources which can control /kill the pests and thus
helping in the agricultural pest management. So, use of
botanicals is considered as one of the important
consideration to manage the pest population in
non-chemical way.

India is the leading producer of spices in the world and
popularly known as the Land of Spices. Major seed spices
to be grown in India are coriander, cumin, fenugreek,
fennel, dill etc. Cumin (Cuminum cyminum L.) is
commonly known as Jeera that belongs to Apiaceae
family. It is believed to be indigenous to northern Egypt,
eastern Mediterranean region, Iran and India (3). Cumin is
well known for their digestive properties and for flavoring
bread and other dishes during the period of ceremonial
fasting. There are a large number of insects associated
with the cumin. Among them, aphids and thrips are the
major threat to the crop as the cause enormous damage to
the crops. Since two years, the farmers of Saurashtra
regions are facing the infestation of thrips and causes the
considerable damage to the crop. This emerging pest is Material and Methods
attacking after 20 to 30 days of sowing of the crop. The
pest suck the cell sap continuously from the cumin plant
which leads to drying up of the compound leaves followed
by branches and stem and thus it hinders the vegetative
growth and development of the crop.

Details of experiment : In order to study the efficacy of
different botanicals viz., NSKE 5 per cent @ 0.25%,
azadirachtin 1 EC @ 10000 ppm, tobacco decoction 5% @
0.25 per cent were used. The experiment was laid out in a
Split Plot Design during Rabi, 2019 at Department of Plant

Several chemical pesticides have been used as @ pathology, Junagadh Agricultural University, Junagadh.
spray application for combating thrips. As the pupal stage  cymin variety GC-4 was broadcasted in November, 2019.
of this pest is inside the soil, a soil application of newer All agronomical practices were adopted as per the

|n3('ect|0|d.es is to be mtens!fled. However, prqblems like  recommendation in the vogue. Details of the experiment
residues in seeds and environmental contamination are are given in Table-1.
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Table-1 : Details of botanicals used as seed treatment and foliar applications for their efficacy against cumin thrips, T. tabaci.

Sr. No. Technical name Concentration (%) Dose Trade name Manufacture name
1 2 3 4 5 6
S : Seed Treatment (g or ml /kg seed)
-S4 Imidacloprid 30.5 SC 0.122% 4 ml Imida Gold + United Phosphorus Ltd.
S, Clothianidin 50 WDG 0.25% 449 Dantotsu Sumitomo Chemical India Pvt. Ltd.
S3 Thiamethoxam 30 FS 0.12% 4 ml Actara Syngenta India Ltd.
B : Foliar Spray (g or ml /10 lit. water)
B NSKE 5% 0.25% 500 ml - -
B, Azadirachtin 1 EC 10000 ppm 20 ml - -
Bs Tobacco decoction 5% 0.25% 500 ml - -

Table-2 : Effect of seed treatments along with foliar application of botanicals against thrips after first spray.

Treatments 3 DAS 5 DAS 7 DAS 10 DAS
1 2 3 4 5
Seed treatments (S)
Sy Imidacloprid 30.5 SC @ 0.122% 11.91 (141.84) 9.56 (91.39) 11.38 (129.50) 13.90 (193.21)
[14.71] [19.14] [11.93] [10.03]
S, Clothianidin 50 WDG @ 0.25% 12.18 (148.35) 9.85 (97.02) 11.50 (132.25) 14.33 (205.34)
[10.82] [14.23] [10.05] [4.44]
S; Thiamethoxam 30 FS @ 0.12% 11.56 (133.63) 8.84 (78.41) 10.48 (109.83) 13.62 (185.50)
[19.72] [30.95] [25.28] [13.63]
S.Em.+ 0.21 0.11 0.19 0.19
CD. @ 5% 0.57 0.30 0.52 0.54
Botanicals (B)
B, NSKE 5% @ 0.25% 12.35 (152.52) 7.95 (63.20) 10.16 (103.22) 12.85 (165.12)
[6.53] [44.09] [29.83] [23.11]
B, Azadirachtin 1 EC @ 10000 ppm 12.64 (159.76) 10.25 (104.04) 11.41 (130.18) 14.39 (207.07)
[4.00] [8.02] [11.57] [3.64]
Bs; Tobacco decoction 5% @ 0.25% 10.54 (111.09) 10.10 (102.01) 11.80 (139.24) 14.61 (213.45)
[33.20] [9.84] [5.29] [0.68]
S.Em.+ 0.19 0.14 0.19 0.16
CD. @ 5% 0.41 0.30 0.33 0.35
SXB NS NS NS NS
CV. % 10.02 9.36 8.77 7.36
Control

Control (No Spray)

12.89 (166.37)

10.63 (113.09)

12.13 (147.12)

14.66 (214.80)

Notes :
1. NS : Non-significant

2. Figures in parentheses ( ) are retransformed values; those outside are Jx transformed value those in [ ] are per cent reduction over

control values.

Application of botanicals : The seed treatment of three
different insecticide s viz.,, imidacloprid 30.5 SC @
0.122%, clothianidin 50 WDG @ 0.25% and
thiamethoxam 30 FS @ 0.12% were applied few hours
before sowing. Sowing of treated seeds will be done in
split plot design. According to the treatments, spraying of
the three different botanicals viz., NSKE 5 per cent @
0.25%, azadirachtin 1 EC @ 10000 ppm, tobacco
decoction 5% @ 0.25 per cent were applied with the help
of knapsack sprayer. As the population of thrips was
heavy after 45 days of germination, the spray was carried
out to check the population. To combat the pest, second
spray was carried out at 15 days after the first spray.
Thereafter the pest population was in controlled condition.

Method of recording thrips, T. tabaci population on
cumin : The observations on thrips were recorded visually
from five randomly selected and tagged plants (by
tapering the plant on white paper). Observations on thrips
population were recorded at 3, 5, 7 and 10 days after each
spray.

Yield : With a view to evaluate the effect of different
botanicals on the cumin yield, crop was harvested from
each net plot. The harvested yield was weighted and
converted on hectare basis.

Results and Discussion

Bio-efficacy of different botanicals against cumin
thrips, T. tabaci : To determine the efficacy of different
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Table-3 : Effect of seed treatments along with foliar application of botanicals against thrips after second spray.

Treatments

3 DAS

7 DAS

7 DAS

10 DAS

1

2

3

4

5

Seed treatments (S)
Sy Imidacloprid 30.5 SC @ 0.122%

S, Clothianidin 50 WDG @ 0.25%
Ss3 Thiamethoxam 30 FS @ 0.12%

S.Em.x

CD. @ 5%

Botanicals (B)

B NSKE 5% @ 0.25%

B,  Azadirachtin 1 EC @ 10000 ppm
B;  Tobacco decoction 5% @ 0.25%

S.Em.x

CD. @ 5%
SXB

CV. %

Control

Control (No spray)

13.88 (192.65)
[13.73]
13.45 (180.90)
[18.97]
13.44 (180.63)
[3.77]
0.13
NS

14.66 (214.91)
[43.00]
14.85 (220.52)
[15.91]
11.26 (126.78)
[17.78]
0.25
0.45
NS
9.58

14.95 (222.36)

10.43 (108.78)

[26.78]

10.90 (118.81)

[20.00]

10.10 (102.01)

[31.29]
0.17
NS

9.20 (84.64)
[43.00]

11.18 (124.99)

[15.91]

11.05 (122.10)

[17.78]
0.25
0.43

NS
11.94

12.19 (148.52)

10.95 (119.90)
[14.62]
10.99 (120.78)
[14.03]
11.03 (121.66)
[13.36]
0.18
NS

9.69 (93.89)
[33.05]
11.66 (135.95)
[3.23]
11.61 (134.79)
[3.96]
0.16
0.36
NS
9.54

11.85 (140.38)

13.25 (175.56)
[11.21]
13.64 (186.04)
[5.94]
12.87 (165.63)
[16.20]
0.21
NS

12.12 (146.89)
[25.75]
13.71 (187.96)
[4.97]
13.94 (194.32)
[1.78]
0.17
0.37
NS
8.11

14.06 (197.76)

Notes :
1. NS : Non-significant

2. Figures in parentheses ( ) are retransformed values; those outside are J/x transformed value those in [1are per cent reduction over

control values.

Table-4 : Effect of seed treatments along with foliar application of botanicals against thrips (pooled over sprays).

Treatments 3 DAS 5 DAS 7 DAS 10 DAS
1 2 3 4 5
Seed treatments (S)
Sy Imidacloprid 30.5 SC @ 0.122% 12.89 (25.15) 9.99 (99.90) 11.16 (124.66) 13.57 (184.31)
[87.02] [23.26] [13.28] [13.88]
S, Clothianidin 50 WDG @ 0.25% 12.81 (23.16) 10.37 (107.58) 11.24 (126.435) 13.98 (195.51)
[88.04] [17.36] [12.05] [8.65]
S3 Thiamethoxam 30 FS @ 0.12% 12.49 (20.24) 9.46 (89.66) 10.75 (115.70) 13.24 (175.48)
[89.55] [31.12] [19.51] [18.01]
S.Em.+ 0.09 0.21 0.122 0.17
CD. @ 5% NS NS NS NS
Botanicals (B)
B, NSKE 5% @ 0.25% 13.56 (184.01) 8.57 (73.54) 9.92 (98.55) 12.48 (155.85)
[5.03] [43.50] [31.44] [27.18]
B, Azadirachtin 1 EC @ 10000 ppm 13.74 (188.78) 10.68 (114.20) 11.53 (132.85) 14.04 (197.33)
[2.57] [12.27] [7.58] [7.80]
B; Tobacco decoction 5% @ 0.25% 10.90 (118.84) 10.57 (111.80) 11.70 (137.07) 14.27(203.74)
[90.27] [14.11] [4.65] [4.80]
S.Em.+ 0.13 0.122 0.122 0.16
CD. @ 5% 0.29 0.26 0.28 0.35
SXB NS NS NS NS
CV. % 6.90 7.89 7.41 7.72
Control

Control (No spray)

13.92 (193.76)

11.41 (130.18)

11.99 (143.76)

14.63 (214.03)

Notes :
1. NS : Non-significant

2. Figures in parentheses ( ) are retransformed values; those outside are J/x transformed value those in [1are per cent reduction over

control values.
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Table-5 : Effectiveness of various botanicals on cumin seed
yield due to thrips.

Treatments Seed yield (kg /ha)
1 2
S1B;4 2109
SiB, 1607
SiBs 1175
S2B;4 2024
S,B, 1085
SH=H 1474
S3B;4 2279
S3B, 1426
S3B; 1915
Control (No Spray) 950
Mean 1604.4
ANOVA
S. Em. + 238.43
C. D. @ 5% 715
C. V.% 24.60

Notes :

1. Treatment mean with letter(s) in common are not significant at
5% level of significance within a column

2. Seed treatments: Imidacloprid 0.122% (S;), Clothianidin
0.25% (S,) & Thiamethoxam 0.12% (Sg)

3. Foliar application: NSKE 0.25% (B+), Azadirachtin 10000 ppm
(B2) & Tobacco decoction 0.25% (Bs)

seed treatments and botanicals against cumin thrips,
three seed treatments viz., S;: imidacloprid @ 0.122%,
S,: clothianidin @ 0.25% and Sj: thiamethoxam @ 0.12%
and three botanical aerial spraying viz., B;: NSKE 0.25%,
B.: azadirachtin @10000 ppm & Bgj: tobacco decoction
0.25 %, was tested. The combination of seed treatments
and foliar application viz., SiB4, S1B, S1Bs, S:B4, S2By,
S,B3, S3B4, S3Bs & S3Bs were made in such manner that
overall effect can be worked out. During the experiment,
seed treatments were given prior to the sowing of the crop
while foliar applications were given twice with respective
botanicals. The first spray was made when pest reached
considerable thrips population and second was carried out
at 15 days after first spray. The results on thrips population
are presented here under.

Effect of different botanicals against thrips, T. tabaci
during first spray : In cumin, thrips population reached to
considerable level after 6" week of sowing. The periodical
data showing effect of seed treatments and botanical
spray on infestation to cumin due to thrips on three, five,
seven and ten days after spray (DAS). The bio-efficacy of
various botanicals has been adjudged based on individual
as well as pooled over period data.

Seed treatments : The data on mean thrips count after
first application of insecticides presented in Table-2
revealed that, on third, fifth, seventh and tenth DAS results
were found non-significant, which means the
effectiveness of the seed treatments were same as they

are at par with each other. To know its effectiveness, a
considerable amount of reduction of thrips population over
control was worked out. In the interaction of seed
treatment and foliar application of botanicals, per cent
reduction over control data showed some sort of reduction
at different days after spray i.e., three, five, seventh and
tenth. Among the different seed treatments,
thiamethoxam 30 FS have reduced thrips population to
the extent of 19.72, 30.95, 25.28 and 13.63 per cent at
three, five, seventh and tenth days after first spray,
respectively. While, imidacloprid 30.5 SC (14.71, 19.14,
11.93 and 10.03 per cent, respectively) and clothianidin 50
WDG (10.82, 14.23, 10.05 and 4.44 per cent, respectively)
have reduced considerable thrips population at three, five,
seventh and tenth days after first spray, respectively. In a
nutshell, any of the tested seed treatments, which were
given at time of sowing, can be applied for the
management of thrips infesting cumin.

Botanical spray : The data on mean thrips population
after first application of botanicals presented in Table-2
revealed that among sprayed botanicals, tobacco
decoction 0.25% (111.09 mean thrips/plant) was found
most effective as lowest thrips population was observed.
The next best treatments were NSKE 0.25% (152.52) and
azadirachtin 10000 ppm (159.76) which was on par with
each other at 3 DAS. On fifth day after spraying NSKE
0.25% (63.20) was found to the best botanical treatment
with lowest thrips population. The next -effective
treatments were tobacco decoction 0.25% (102.01) and
azadirachtin 10000 ppm (104.04) which was on par with
each other. NSKE 0.25% (103.22) was found significantly
superior to other treatments as it recorded lowest thrips
population. The next best treatment was azadirachtin
10000 ppm (130.18) followed by tobacco decoction 0.25%
(139.24) on seven days after spraying. Similar pattern was
observed on the tenth day after spraying i.e., NSKE 0.25%
(165.12) was considered as effective botanical treatment
followed by azadirachtin 10000 ppm (207.07) and tobacco
decoction 0.25% (213.45).

Effect of different botanicals against thrips, T. tabaci
during second spray : After fifteen days of first spray, the
second spray was carried out. The periodical data
showing effect of seed treatments and botanical spray on
infestation to cumin due to thrips on three, five, seven and
ten days after spray (DAS). The bio-efficacy of various
insecticides has been adjudged based on period data.

Seed treatments : The data on mean thrips count after
second application of insecticides presented in Table-3
revealed that, on third, fifth, seventh and tenth DAS results
were found non-significant, which means the
effectiveness of the seed treatments were same as they
are at par with each other. To know its effectiveness, a
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considerable amount of reduction of thrips population over
control was worked out. In the interaction of seed
treatment and foliar application of botanicals, per cent
reduction over control data showed some sort of reduction
at different days after spray i.e., three, five, seventh and
tenth. Among the different seed treatments,
thiamethoxam 30 FS have reduced thrips population to
the extent of 3.77, 31.29, 13.36 and 16.20 per cent at
three, five, seventh and tenth days after second spray,
respectively. While, imidacloprid 30.5 SC (13.73, 26.78,
14.62 and 11.21 per cent, respectively) and clothianidin 50
WDG (18.97, 20.00, 14.03 and 5.94 per cent, respectively)
have reduced considerable thrips population at three, five,
seventh and tenth days after second spray, respectively.
In a nutshell, any of the tested seed treatments, which
were given at time of sowing, can be applied for the
management of thrips infesting cumin.

Botanical spray : The data on mean thrips population
after second application of botanicals presented in
Table-3 revealed that among sprayed botanicals, tobacco
decoction 0.25% (126.78 mean thrips /plant) was found
most effective as lowest thrips population was observed.
The next best treatments were NSKE 0.25% (214.91) and
azadirachtin 10000 ppm (220.52) which was on par with
each other at 3 DAS. After fifth days of spraying, NSKE
0.25% (84.64) was found to be effective botanical
treatment as it was significantly superior to the other
treatments. The next best treatment was tobacco
decoction 0.25% (122.10) and azadirachtin 10000 ppm
(124.99) and which was on par with each other. On seven
days after spraying, NSKE 0.25% (93.89 mean thrips
/plant) was the best treatment when compared to other
botanical treatments. While, tobacco decoction 0.25%
(134.79) and azadirachtin 10000 ppm (135.95) was found
to be at par with each other. Among all sprayed botanicals,
NSKE 0.25% (146.89) recorded lowest thrips population
and was considered effective as compared to other
treatments followed by azadirachtin 10000 ppm (187.96)
and tobacco decoction 0.25% (194.32) on tenth day after
spray.

Effect of different botanicals against thrips, T. tabaci
(pooled over sprays) : The data on mean thrips count
after seed treatments and two applications of botanicals
pooled over spray presented in Table-4. The periodical
data showing effect of seed treatments and botanical
spray on infestation to cumin due to thrips on three, five,
seven and ten days after spray (DAS). The bio-efficacy of
various botanicals has been adjudged based on pooled
over spray.

Seed treatments : The data on mean thrips count of
pooled over spray presented in table 4 revealed that, on
third, fifth, seventh and tenth DAS results were found

non-significant, which means the effectiveness of the
seed treatments were same as they are at par with each
other. To know its effectiveness, a considerable amount of
reduction of thrips population over control was worked out.
In the interaction of seed treatment and foliar application
of botanicals, per cent reduction over control data showed
some sort of reduction at different days after spray i.e.,
three, five, seventh and tenth. Among the different seed
treatments, thiamethoxam 30 FS have reduced thrips
population to the extent of 89.55, 31.12, 19.51 and 18.01
per cent at three, five, seventh and tenth days after pooled
over sprays, respectively. While, imidacloprid 30.5 SC
(87.02, 23.26, 13.28 and 13.88 per cent, respectively) and
clothianidin 50 WDG (88.04, 17.36, 12.05 and 8.65 per
cent, respectively) have reduced considerable thrips
population at three, five, seventh and tenth days after
pooled over sprays, respectively. In a nutshell, any of the
tested seed treatments, which were given at time of
sowing, can be applied for the management of thrips
infesting cumin.

Botanical spray : The data on mean thrips population
after pooled over spray application of botanicals
presented in table-4 revealed that among sprayed
botanicals, tobacco decoction 0.25% (118.84 mean
thrips/plant) was found most effective treatment for the
control of thrips. The next best treatments were NSKE
0.25% (184.01) and azadirachtin 10000 ppm (188.78)
which was on par with each other at 3 DAS. On 5 DAS,
NSKE 0.25% (73.54 mean thrips /plant) was found to the
best with lowest thrips population followed by tobacco
decoction 0.25% (111.80) and azadirachtin 10000 ppm
(114.20) and which was on par with each other. On
seventh day after spraying, NSKE 0.25% (98.55) was
found significantly superior to other treatments as it
recorded lowest thrips population followed by azadirachtin
10000 ppm (132.85) and tobacco decoction 0.25%
(137.07). Similar pattern was observed on the tenth day
after spraying i.e., NSKE 0.25% (155.85) was considered
as effective botanical treatment followed by azadirachtin
10000 ppm (197.33) and tobacco decoction 0.25%
(213.45). In nutshell, T. tabaci can be effectively managed
by seed treatments of thiamethoxam as percentage
reduction over control was higher. Whereas, among the
foliar spray, NSKE 0.25% and azadirachtin 10000 ppm
exhibited satisfactory protection against thrips throughout
the infestation.

The obtained results are in close conformity with the
earlier workers as azadirachtin 0.15% EC @ 15 ml/lit at 7
days interval proved effective against garlic thrips (4).
Similarly, all neem-based bio-pesticides are most
promising treatment against thrips in onion (1). In onion,
azadirachtin 0.03% and NSKE are found to be effective
for the control of thrips in fennel. (2).
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Impact of different botanicals on cumin seed yield

Yield : The data on seed yield harvested from the different
treatments are summarized in table-5 revealed that all
botanicals formulations recorded significantly higher seed
yield than control. The highest (2279 kg /ha) seed yield
harvested in the plots treated with S;B; (thiamethoxam
0.10% + NSKE 0.25%) but it was at par with S:B,
(imidacloprid 0.12% + NSKE 0.25%) (2109 kg /ha), S;B,
(clothianidin 0.20% + NSKE 0.25%) (2024 kg /ha) and
S3B; (thiamethoxam 0.10% + tobacco decoction 0.25%)
(1915 kg /ha). Further, S{B, (imidacloprid 0.12% +
azadirachtin 10000 ppm) (1607 kg /ha) was found at par
with S,B; (clothianidin 0.20% + tobacco decoction 0.25%)
(1474 kg /ha) and S3B, (thiamethoxam 0.10% +
azadirachtin 10000 ppm (1426 kg /ha). The next treatment
was S1B; (imidacloprid 0.12% + tobacco decoction 0.25%)
(1175.58) which was at par with S,B; (clothianidin 0.20% +
azadirachtin 10000 ppm). Whereas, S,B, comparatively
yielded lower (1085 kg /ha).

Conclusions

In the trial on bio-efficacy of different botanicals against
thrips infesting cumin, the results were found
non-significant on third, fifth, seventh and tenth days after
spray (DAS), which means the effectiveness of the seed
treatments were same as they are at par with each other.
Among the different seed treatments, thiamethoxam 30
FS have reduced thrips population to a greater extent
which is followed by imidacloprid 30.5 SC and clothianidin
50 WDG. In a nutshell, any of the tested seed treatments,

which were given at time of sowing, can be applied for the
management of thrips infesting cumin. While, among the
different botanicals, based on both the sprays, Thrips
tabaci can be effectively managed by foliar sprays of
NSKE 0.25% followed by azadirachtin 10000 ppm and
tobacco decoction 0.25%. The highest (2279 kg /ha) seed
yield harvested in the plots treated with S3B,
(thiamethoxam 0.10% + NSKE 0.25%) but it was at par
with S4B, (imidacloprid 0.12% + NSKE 0.25%) (2109 kg
/ha), S,B4 (clothianidin 0.20% + NSKE 0.25%) (2024 kg
/ha) and S3B3 (thiamethoxam 0.10% + tobacco decoction
0.25%) (1915 kg /ha). Whereas, S2B, (clothianidin 0.20%
+ azadirachtin 10000 ppm) was found comparatively lower
yielder among different botanical treatments (1085 kg
/ha).
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Abstract

A field experiment was conducted for the management of shoot fly and stem borer in pearl millet during kharif 2017-18 to
2021-22at Pearl Millet Research station, Junagadh Agriculture University, Jamnagar. Results showed that the seed treatment
of imidacloprid 600 FS @ 8.75 ml/kg + spray of imidacloprid 17.8 SL 0.009% at 35 DAG or seed treatment of imidacloprid 600
FS @ 8.75 ml/kg followed by two sprays at 20 and 40 DAG either B. bassiana @ 1 x 108cfu/g or Panchgavya 3 % for the
effective and economical management of shoot fly and stem borer. The highest net return (Rs. 21841/-) and ICBR (1:11.11)
was recorded in seed treatment of imidacloprid 600 FS @ 8.75 ml/kg + spray of imidacloprid 17.8 SL 0.009% at 35
DAG,followed by seed treatment of imidacloprid 600 FS @ 8.75 ml/kg + two spray of Panchgavya 3% at 20 and 40 DAG(Rs.
19586/-) with ICBR (1:8.36) and seed treatment of imidacloprid 600 FS @ 8.75 ml/kg + two spray of B. bassiana 1 x 108cfu/g @
0.007% at 20 and 40 DAG (Rs. 19335/-) with ICBR (1:10.39).

Key words : Shoot fly, stem borer, panchagvaya, B. bassiana, pearl millet.

Introduction

Pearl millet is the most widely grown staple food of
majority of poor and small land holders in Asia and Africa.
It is also consumed as feed and fodder for livestock. It
occupies an area of 6.93 million ha with an average
production of 8.61 million tonnes and productivity of 1243
kg/ha [1]. The major pearl millet growing states are
Rajasthan, Maharashtra, Uttar Pradesh, Gujarat and
Haryana contributing 90% of total national production. It is
critically important for food and nutritional security as it
possess several advantages such as early maturing,
drought tolerance, require minimal purchase inputs and
mostly free from biotic and abiotic stresses. Due to the
excellent nutritional properties and resilience to climate
change, pearl millet along with other millets is renamed as
nutricereals for production, consumption, trade and was
included in Public Distribution System. To bring millets into
mainstream for exploiting the nutritional rich properties
and promoting their cultivation, Govt. of India has declared
Year 2018 as the “Year of Millets” and the Year 2023 was
declared as “International Year of Millets” by FAO
Committee on Agriculture forum.

Twenty six insects and two non-insect pests were
found feeding on pearl millet [2]. Out of these, shoot fly,
Atherigona  approximate  Malloch, stem  borer,
Chilopartellus  Swinhoe and ear head worm,
Helicoverpaarmigera are comparatively more serious
pests attacking the crop. Shoot fly causes 23.3 to 36.5 %
grain losses and 37.5 % fodder losses. Stem borer
causes between 20-60 % losses [8]. Use of insecticides is

not the right choice to control these pests due to its cryptic
behavior of feeding inside the stem. Chemical insecticides
are the most effective control measure against insect
pests on pearl millet. However, some insecticides are
expensive, toxic and when used extensively, may be
harmful to human health and the environment. Thus,
there is a need to design alternate pest management
options that have limited adverse effects on the
environment and are effective against target insect pests.
One such option is the use of seed treatment or soil
application of insecticides, which is an easy, economic
and feasible method to manage insect pests during early
stage of the crop growth without causing any harmful
effect on natural enemies. Objective of the study was to
determine the effectiveness of the seed dressing
chemicals and soil application of insecticides with foliar
application of bio pesticides to reduce load of the
chemical pesticides pearl millet agro ecosystem. Hence
the present research work for the management of these
pests was under taken.

Materials and Methods

The experiment was conducted in Randomized Block
Design with eleven treatments including control in three
replications at Pearl Millet Research Station, Junagadh
Agricultural University, Jamnagar during Kharif 2018 to
2021. The pearl millet variety GHB-558 was sown at 60 x
10 cm spacing for this purpose. The gross plot size was
5.0 x 3.6 m and net plot size was 4.0 x 2.4 m. Seed
treatment and furrow applications were given initially at
the time of sowing. While, foliar application was given at
20 and 40 days after germination. For shoot fly,
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observations were recorded from randomly selected 20
plants of net plot plants by counting the dead hearts at
vegetative stage. Thus, shoot fly dead heart percent
incidence was worked out. For stem borer, plant showing
parallel holes due to stem borer larvae in the leaves was
considered as damaged plant and percent damaged plant
was calculated. At ear head stage, number of ear heads
showing shoot fly (deformed ear head) and stem borer
(empty/white ear head) damage were recorded separately
and thus percent ear head damage was worked out from
ear heads of 20 plants of net plot. Grain and fodder yield
was recorded from net plot area at harvest and data thus,
obtained was analyzed statistically [5].

No. Treatments

Ty Seed treatment of imidacloprid 600 FS @ 8.75 ml/kg
+ Two spray of B. bassianal x 108cfu/g @ 0.007%
at 20 and 40 DAG

T Seed treatment of imidacloprid 600 FS @ 8.75 ml/kg
+ Two spray of Panchgavya3% at 20 and 40 DAG

Ts Seed treatment of imidacloprid 600 FS @ 8.75 ml/kg
+ Two spray of azadirachtin 0.15% w/w @
0.000375% at 20 and 40 DAG

Ts Furrow application of carbofuran 3G @ 33kg/ha +
Two spray of B. bassiana
1 x 108cfu/g @ 0.007% at 20 and 40 DAG

Ts Furrow application of carbofuran 3G @ 33kg/ha +
Two spray of Panchgavya 3% at 20 and 40 DAG

Ts Furrow application of carbofuran 3G @ 33kg/ha +
Two spray of azadirachtin 0.15% w/w @ 0.000375%
at 20 and 40 DAG

T, Furrow application of cartap hydrochloride 4G @
25kg/ha + Two spray of B. bassiana 1 x 108cfu/g @
0.007% at 20 and 40 DAG

Ts Furrow application of cartap hydrochloride 4G @
25kg/ha + Two spray of Panchgavya3% at 20 and
40 DAG

Ty Furrow application of cartap hydrochloride 4G @
25kg/ha + Two spray of azadirachtin 0.15% w/w @
0.000375% at 20 and 40 DAG

Tio Seed treatment with imidacloprid 600 FS @ 8.75
ml/kg followed by spray of imidacloprid 17.8 SL
0.009% at 35 DAG

T14 Control

Results and Discussion

Shoot fly incidence Data presented in Table-1
indicated that differences of per cent incidence of shoot fly
at vegetative stage were found significant during the year
2018, 2020, 2021 and pooled. During 2018, least shoot fly
incidence was recorded in Ty (0.69%) and it was at par
with T, (0.94%). During 2020, again least shoot fly
incidence was recorded in Ty, (3.75%) and it was at par
with T2 (4.17%), T1 (5.42%), T35 (5.83%), T5 (5.83%) and T,
(6.67%).During 2021, least shoot fly incidence was
recorded in Ty (2.77%) and it was at par with T4, (4.03), T;
(4.03%) and T, (4.52%). Considering the pooled data,
least incidence (2.82%) was recorded in Ty, (Seed
treatment with imidacloprid 600 FS @ 8.75 ml/kg followed

by spray of imidacloprid 17.8 SL 0.009% at 35 DAG).
However, it was statistically at par with T, (3.21%) and T,
(8.53%). Whereas, it was 8.71% in control.

Data showed that differences in shoot fly infestation
at ear head stage were found significant in all the years as
well as in pooled. Moreover, during 2018, least shoot fly
incidence was recorded in T4, (0.95%). However, it was at
par with To (1.07%), Ty (2.51%), Ts (2.72%) and Ts
(2.88%). During 2020, again least shoot fly incidence was
recorded in T4q (3.67%) and it was at par with T, (6.00%),
T (6.33%) and T4 (6.33%).During 2021, least shoot fly
incidence was recorded in T; (1.91%). However, it was at
par with T (3.32%), T1o (8.55%) and T3 (3.98%). So far as
pooled data is concerned, least incidence (2.72%) was
recorded in Ty, (Seed treatment with imidacloprid 600 FS
@ 8.75 ml/kg followed by spray of imidacloprid 17.8 SL
0.009% at 35 DAG) and it was statistically at par with T,
(8.46%) and T, (3.58%). Whereas, it was 8.27 % in
control.

Stem borer incidence : Data presented in Table-2
indicated that differences in stem borer incidence during
2018, 2020, 2021 and in pooled were found significant at
vegetative stage. During 2018, least stem borer incidence
(1.29%) was recorded in Ty (Seed treatment with
imidacloprid 600 FS @ 8.75 ml/kg followed by spray of
imidacloprid 17.8 SL 0.009% at 35 DAG). However, it was
at par with T, (1.39%), Ts (2.72%), T (3.04%) and Tg
(8.28%). During 2020, least stem borer incidence was
recorded in T+ (3.33%). However, it was statistically at par
with T, (4.58%), T4 (5.42%), T3 (5.83%) and Ts (6.67%).
During 2021, least stem borer incidence was recorded in
T, (1.62%). However, it was at par with T (2.39%) and T1g
(3.01%). In case of pooled data, least stem borer
incidence (2.55%) was recorded in Ty (Seed treatment
with imidacloprid 600 FS @ 8.75 ml/kg followed by spray
of imidacloprid 17.8 SL 0.009% at 35 DAG) and it was at
par with T, (2.79%) & T; (3.36%).

Data indicated that difference of stem borer
incidence at ear head stage was found significant in all the
years as well as in pooled analysis. Least stem borer
incidence was recorded in Tio during 2018 (0.47%).
However, it was statistically at par with Ty (0.59%), T;
(1.07%), T2 (1.31%) and T4 (1.79%). During 2020, Tio
(Seed treatment with imidacloprid 600 FS @ 8.75 ml/kg
followed by spray of imidacloprid 17.8 SL 0.009% at 35
DAG) recorded least stem borer incidence (3.33%).
However, it was statistically at par with T, (5.00%), T,
(5.67%) & T4(6.00%).During 2021, least least stem borer
incidence was observed in T, (3.22%) and it was
statistically at par with Ty (3.32%), T3 (3.49%), T,
(8.55%), T (56.97%) and T, (6.07%). In case of pooled of
three years, Ty, recorded least stem borer incidence
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Table-1 : Statement showing year wise and pooled shoot fly per cent incidence in pearl millet (2018, 2020 and 2021).
No. Percent shoot fly incidence Percent shoot fly incidence
at vegetative stage at ear head stage
2018 2020 2021 Pooled 2018 2020 2021 Pooled
T-1 8.91*ab° 13.16*° 9.58*¢ 12.33* 9.11*abe 14.44%>° 7.95¢ 12.52%°
(2.40) (5.42) (2.77) (3.53) (2.51) (6.33) (1.91) (3.58)
T-2 5.56° 11.16 12.27°% 10.90° 5.93 14.05 10.50% 11.47°
(0.94) (4.17) (4.52) (3.21) (1.07) (6.00) (3.32) (3.46)
T-3 11.00° 13.85%° 11.58% 14.59° 10.87% 15.24%° 11,51 14.95°
(3.64) (5.83) (4.03) (4.50) (3.55) (7.00) (3.98) (4.85)
T-4 11.23° 14.95% 14.43" 16.03° 10.63%° 14.44 14.05%° 15.40°
(3.79) (6.67) (6.21) (5.56) (3.40) (6.33) (5.89) (5.21)
T-5 9.40%° 13.76%° 13.96™° 14.46 10.40%° 15.60%° 15.24% 16.06°
(2.67) (5.83) (5.82) (4.77) (3.26) (7.33) (6.91) (5.83)
T-6 9.14%° 15.86° 15.39% 15.50° 9.76%° 15.81% 13.16™ 15.08°
(2.53) (7.50) (7.04) (5.69) (2.88) (7.67) (5.19) (5.24)
T-7 9.25%° 16.19° 14.43" 15.34° 10.83% 15.2430° 14.30%° 15.86°
(2.58) (7.92) (6.21) (5.57) (3.53) (7.00) (6.10) (5.54)
T-8 9.67% 15.86° 14.43" 15.47° 9.49%° 16.41% 14.90%° 15.71°
(2.82) (7.50) (6.21) (7.50) (2.72) (8.00) (6.61) (5.78)
T-9 10.23° 16.74° 13.91% 15.90° 10.38%° 16.75% 14.85%° 16.30°
(3.15) (8.33) (5.78) (5.76) (3.25) (8.33) (6.57) (6.05)
T-10 4.77° 11.58° 11.08% 10.07¢ 5.62° 10.76° 10.86°¢ 10.33c
(0.69) (3.75) (4.03) (2.82) (0.95) (3.67) (3.55) (2.72)
T-11 12.847 17.212 18.03° 19.742 11,572 19.95% 17.80% 19.00%
(4.94) (11.67) (9.53) (8.71) (4.02) (11.67) (9.11) (8.27)
T 1.39 1.20 1.09 0.82 1.48 1.42 1.38 0.82
4.10 3.54 3.21 2.31 4.38 418 4.07 2.33
\% - . - 0.427 0.43
1.20 1.21
YXT 1.41 1.42
NS NS
15.58 10.55 13.86 16.81 16.22 16.01 18.13 16.72

* indicates arcsine transformed values, figures in parenthesis are retransformed values.

(2.37%). However, it was statistically at par with T,
(3.18%) & T4 (3.27%). Whereas, it was 8.07% in control.

Seed dressing with imidacloprid 70 WS @ 10g/ 100g
seeds was found to be most effective in reducing the
damage caused by shoot fly (14.3%) and in enhancing the
grain yield in sorghum [2]. The seed treatment with
imidacloprid 70 WS @ 10g/kg seeds also recorded lowest
shoot fly incidence of 8.4% dead hearts [3]. Further, even
with lower dose of imidacloprid 70 WS i.e. 5g/kg seed [4]
performed better in reducing shoot fly incidence in
sorghum. Seed treatment with imidacloprid 600 FS @ 7
ml/kg seed was found effective in reducing shoot fly
incidence [9].Foliar spray of B. bassianaWP @ 5 g/l
recorded the least incidence of shoot fly (7.2%) and stem
borer (5.36%) at earhead stage of pearl millet crop [6].The
seed treatment of clothianidin WDG @7.5 g/kg seed

followed by spray of B. bassiana@ 0.007% recorded
lower infestation of shoot fly and stem borer in pearl millet
crop [7].

Yield : The pooled data presented in Table-3 showed that
T1o (Seed treatment with imidacloprid 600 FS @ 8.75
ml/kg followed by spray of imidacloprid 17.8 SL 0.009% at
35 DAG) recorded highest grain yield (3369 kg/ha).
However, it was at par with T, (3325 kg/ha), T (3250
kg/ha), T, (3097 kg/ha), Ts; (3064 kg/ha) and Tg
(3062kg/ha).In case of fodder yield, highest fodder yield
was recorded in Tqo (7259 kg/ha). Economics of the
various treatments indicated that highest net return (Rs.
21841/-) and ICBR (1:11.11) was recorded in T4, followed
by To(Rs. 19586/-) with ICBR (1:8.36) and T; (Rs.
19335/-with ICBR (1:10.39).
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Table-2 : Statement showing year wise and pooled stem borer per cent incidence in pearl millet (2018, 2020 and 2021).

No. Percent stem bore incidence Percent stem borer incidence
at vegetative stage at ear head stage
2018 2020 2021 Pooled 2018 2020 2021 Pooled
T-1 10.04*%° 13.33*° 7.31%° 12.46** 4.40%° 13.69*>° 10.86*° 10.63*%°
(3.04) (5.42) (1.62) (3.36) (0.59) (5.67) (3.55) (3.27)
T-2 6.77™ 11.60™ 8.89° 10.59° 6.57%° 12.49> 10.34° 11.26%
(1.39) (4.58) (2.39) (2.79) (1.31) (5.00) (3.22) (3.18)
T-3 10.63%° 13.59™ 11.06"°% 14.12> 5.93" 15.24% 10.76° 11.96%
(3.40) (5.83) (3.68) (4.31) (1.07) (7.00) (3.49) (3.85)
T-4 11.05%° 15.86%° 14.35% 16.21° 7.68%° 14.05%° 14.26° 13.70"
(3.68) (7.50) (6.14) (5.77) (1.79) (6.00) (6.07) (4.62)
T-5 9.49%° 14.76™ 13.85%¢ 14.80™ 8.35% 15.60% 14.58™ 14.70°
(2.72) (6.67) (5.73) (5.04) (2.11) (7.33) (6.34) (5.26)
T-6 10.43%° 16.14% 15.28° 16.27° 8.18% 16.27%° 15.47ab 15.12°
(3.28) (7.92) (6.94) (6.05) (2.02) (8.00) (7.11) (5.71)
T-7 11.23% 15.60™ 14.76% 16.36" 8.45% 15.24% 14.15™ 14.18"
(3.79) (7.50) (6.49) (5.93) (2.16) (7.00) (5.97) (5.05)
T-8 11.00%° 15.28™ 14.43% 16.01° 7.90%° 16.02%° 14.51% 14.87°
(3.64) (7.08) (6.21) (5.64) (1.89) (7.67) (6.28) (5.28)
T-9 10.85%° 16.19ab 13.85%° 16.04° 8.21%° 15.66% 14.39% 14.58°
(3.54) (7.92) (5.73) (5.73) (2.04) (7.33) (6.18) (5.18)
T-10 6.52° 10.00° 10.00° 10.29° 3.92° 10.34° 10.50° 9.12°
(1.29) (3.33) (3.01) (2.55) (0.47) (3.33) (3.32) (2.37)
T-11 13.16% 21.23° 16.742 19.97% 10.46% 18.422 19.292 18.38%
(5.19) (13.33) (8.17) (8.90) (3.30) (10.00) (10.91) (8.07)
T 1.33 1.70 1.24 0.83 1.28 1.38 1.34 0.77
3.93 5.02 3.66 2.35 3.77 4.08 3.97 218
Y . . - 0.4341 . . - 0.4031
- - - 1.2277 - - - 1.1400
YxT - - - 1.4396 - - - 1.3368
- - - NS - - - NS
13.72 19.82 16.84 16.81 18.26 16.18 17.18 17.15

*

Conclusions

Looking to the efficacy, yield and economics of the
treatments, seed treatment with imidacloprid 600 FS @
8.75 mil/kg followed by spray of imidacloprid 17.8 SL
0.009% at 35 DAG or seed treatment of imidacloprid 600
FS @ 8.75 mi/kg followed by two sprays at 20 and 40 DAG
either B. bassiana @ 1 X 10%cfu/g or Panchgavya 3 % for

indicates arcsine transformed values, figures in parenthesis are retransformed values

the effective and economical management of shoot fly and
stem borer.
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Table-3 : Economics of various treatments for the management of shoot flt and stem borerinfesting pearl millet.
No. Yield kg/ha Yield increase over Additional Total Net return ICBR
control (kg/ha) income over Expenditure (Rs./ha)
- - control (Rs./ha) (Rs./ha)
Grain fodder Grain fodder
T-1 3250 6884 985 2926 21395 2060 19335 1:10.39
T-2 3325 6329 1060 2371 22246 2660 19586 1:8.36
T-3 3064 4866 799 908 15889 2835 13054 1:5.60
T-4 3097 5931 832 1973 17573 4309 13264 1:4.08
T-5 2980 6295 715 2337 15743 4909 10834 1:3.21
T-6 2889 5583 624 1625 13325 5084 8241 1:2.62
T-7 2857 7154 592 3196 14296 4700 9596 1:3.04
T-8 3062 6472 797 2514 17458 5300 12158 1:3.29
T-9 2822 5764 557 1806 12250 5475 6775 1:2.24
T-10 3369 7259 1104 3301 24001 2160 21841 1:11.11
T-11 2265 3958 - - - - - -
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Abstract

Cow dung contains a varied array of microorganisms that, due to their ability to produce a variety of metabolites, may be
advantageous to humans. Many cow dung microbes have shown inherent potential to boost soil fertility by phosphate
solubilization, in addition to producing unique phytochemicals. It has an important role in the stimulation and protection of plant
growth. There is a growing interest in researching applications of cow dung microbes in finding detailed analysis of cow dung
microbiota. As a result, the current study was conducted to identify the antimicrobial genomic characteristics of cow dung
samples as well as their microbial diversity by culturable independepent 16s DNA method was taken up. Total community DNA
was extracted from fresh dung of Desi and cross breed's cow.16Sr RNA was amplified, sequenced and deposited in gene bank.
The sequenced organism was identified as Bacillus flexus (accession no - MW560477). The outcomes of this study indicated
the significance for safe cow dung application in agricultural fields, as well as future research into the antibacterial potential of
the diverse microbiota of cow dung, which has agricultural, environmental, and medical implications.

Key words : Cow dung, metagenomics, 16s RNA, phylogenetic analysis.

Introduction

Cow dung is the undigested remains of eaten food that is
emitted by bovine animal species. It contains 24 different
minerals, including nitrogen, potassium, sulphur, iron,
magnesium, copper, cobalt, and manganese, as well as
traces of sulphur, iron, magnesium, copper, cobalt, and
manganese. Native Indian cows have higher levels of
calcium, phosphorus, zinc, and copper than crossbred
cows (Garg et al., 2007). Livestock farming is a tradition in
India, and it is deeply connected to the agricultural
economy. Ayurvedic formulations frequently use various
byproducts derived from cows. For centuries, cow dung
has been used as an organic fertilizer in Indian south East
Asian farming. It improves soil nutrient status, enhances
plant resistance to pests and diseases, and promotes
photosynthetic activity and the further such as sulpho
oxidation and phosphorous solubilization (Naskar et al.,
2003). Cow dung is an important biomaterial for soil
amendment that is used to generate energy across the
world. It's a great element has a unique since it keeps the
soil alive and fosters microbial diversity.

Cow dung is the undigested residue of plant matter
that's also excluded by symbiotic bacteria living in the
rumen of the animal. The different mineral matter that
passed through the cow’s digestive system are ubiquitous
in the likely to result facial matter. Carbon, nitrogen,
hydrogen, oxygen, and phosphorus, among other
elements, are present, along with salts, sloughed-off cells
as the digest moves through the digestive tract, urea,
mucus, and cellulose, lignin, and hemi - cellulose. Cow
dung improves the mineral status of soil that helps plant

susceptibility to pests and diseases and even drives plant
growth and other beneficial activities (Bharati Sharma et
al., 2015).

Bacillus spp., Lactobacillus spp., and
Corynebacterium spp., as well as protozoa and yeast
(Saccharomyces and Candida) are all found in
abundance in cow dung (Neene et al., 1999).

In India, 69.9% of the population lives in rural areas,
where cows (Bos indicus) are the most common bovine
and produce 9-15 kg of manure per day (Werner et al.,
1989; Brown 2003).

Many different bacterial genera have been isolated
from cow dung by Sawant et al. (2007), including
Citrobacter koseri, Enterobacter aerogenes, Escherichia
coli, Klebsiella oxytoca, Klebsiella pneumoniae, Kluyvera
spp., Morgarella morganii, Pasteurella spp., Providencia
alcaligenes, Providencia stuartii, and Pseudomonas.

Cow dung may thus act not only as a substitute for
chemical fertilizers by supplementing organic matter, but
also as a soil conditioner (Garg and Kaushik 2005; Yadav
et al. 2013; Be'langer et al. 2014). Although slurry from
biogas plant species is a nutrient-rich source, it cannot be
used on a large scale due to drawbacks such as
eutrophication and soil nutrient leaching (Garg et al.,
2005; Wachendorf et al.,2005; Islam et al., 2010; Lu et al.,
2012; Guo et al. ,2014).

Our current agricultural techniques use a wide range
of agrochemicals, including inorganic fertilizers, which are
washed off of fields and into water bodies by irrigation,
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rain, and other means, affecting the ecosystem and
directly affecting human existence.

To address these issues, save our natural
ecosystem, and save many farmers, we must abandon
chemical fertilizers in favor of natural bio fertilizers and
bioresource such as cow dung and cow urine-based
agriculture, which are simple to implement and can act as
cost-effective carriers of soil nutrients. To address this, we
selected a bioresource sample of cow dung from various
breeds and analyzed it in a laboratory environment. The
metagenomic technique was used to identify strains with
the most potent and effective beneficial properties at the
species level.

Materials and Methods

Cow dung collection : Different breeds of cow dung and
buffalo dung were collected in aseptic conditions.

Isolation and enumeration of cow urine Isolates : By
using distilled water as blanks, the obtained samples were
submitted to a serial dilution technique, with each sample
containing 9ml of water. The tubes were labeled and
placed in a test-tube stand, after which 1ml of cow urine
sample was transferred to the next tube, and the same
procedure was repeated for each dilution and poured over
different agar plates. The plates were incubated for 24
hours at 37°C, and the colony count was measured per
plate at the required dilution. Using a sterilized inoculating
loop, the diverse colonies were purified by restreaking on
Nutrient agar medium. The colony morphology, colour,
shape, size, edges, surface, margins, and elevations of
isolated microorganism colonial possessions were also
examined. Microscopy and biochemical tests were used
to characterize these cultures.

Powdered cow dung : To reduce moisture content, cow
dung samples weighing about 1000g were shade dried for
five days. 1000g of cow dung from various cow breeds
was kept in the shadow for to dry.

e 1000g of Jersey cow dung was collected and
shadow dried for 5 days. When compared to cow
dung from an Indian cow, the moisture content was
high. The powdered cow dung was then applied to
the dried cow dung. The net weight of the powdered
material was 220g.

e 10009 of Holstein cow dung was taken and shadow
dried for 5 days. When compared to Gir cow dung,
the moisture content was high. The powder form cow
dung was then practiced to the dehydrated cow
dung. The powdered material weighed 200g net.

e 10009 of buffalo dung was taken and shadow dried

for 5 d. The moisture content was high when
compared to cow dung from Jersey. The dried

buffalo dung was then powdered. The powdered
material had a net weight of 190g.

e 10009 of Gir dung was taken and shadow dried for 5
d. The dried Gir dung was then powdered. The
powdered material had a net weight of 150g.
Similarly with local Khillar found net weight of 130g.

Cow dung extracts preparation : Solvents such as
acetone and ethanol were used to prepare the extract. In a
conical flask, 100 ml of acetone and ethanol were mixed
with 10g of powdered various breeds of cow dungs and
incubated in a rotating shaker for three days. The extract
was then filtered and stored using Whatman nof1 filter
paper for future use

Phytochemical screening of cow dung extracts : For
phytochemical screening, filtered ethanol and acetone
extracts of cow dung were utilized.

Test for flavanoids:

Test for glycosides : 0.50ml of the cow dung extract was
dissolved in 1ml of water and then aqueous 10% sodium
hydroxide solution was added .Formation of yellow colour
indicates the presence of glycosides in a given sample.

Lead acetate test : A few drops of lead acetate solution
were added to 0.5ml of the extract for the lead acetate test.
The presence of flavonoids is indicated by the yellow
colour of the precipitation.

Test for steroids :

Salkowski Test : To 2 ml of extract, added 2 ml of
chloroform and 2 ml of concentrated H2SO4 and shaken
well. Chloroform layer appeared red and acid layer
showed greenish yellow fluorescence, in the presence of
steroids.

Test for tannins : 1 ml of 10% lead acetate solution was
added to 5 ml of the extract. The presence of tannins was
revealed by the formation of yellow precipitate.

Test for phenols : A small quantity of the extract was
dissolved in 0.5 ml of 20% Sulphuric acid solution.
Followed by addition of a few drops of 2% Sodium
hydroxide solution, it turned blue in the presence of
phenols.

DNA sequencing and phylogenetic analysis

A single band of high-molecular weight DNA was found on
a 1.0 percent agarose gel after DNA was extracted and
separated from a selected culture and its quality was
evaluated. 16SrRNA-F and 16SrRNA-R primers were
used to amplify a fragment of the 16S rRNA gene. When
resolved on an agarose gel, a single distinct PCR
amplicon band of 1500 bp was seen.

To remove impurities, the PCR amplicon was
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Table-1 : Microbial Analysis of Cow dung.

Treatment Bacteria Fungi Actinomycetes PSB N fixers
(10°) cfu/ml (10%) cfu/ml (10%) cfu/ml (10%) cfu/ml (10%) cfu/ml
Gir 293.00 7.00 37.50 6.00 98.25
Khillar 281.50 2.75 20.50 2.25 42.25
Malvi 260.25 7.00 18.50 1.25 9.75
Jawar 244.75 6.00 17.75 1.50 11.00
Deoni 276.50 5.50 17.25 2.25 75.50
Goat 290.00 2.00 26.00 3.00 44.75
Local Jawar 130.00 3.50 33.50 2.50 14.50
Jersey 186.50 9.75 25.50 1.50 3.75
HF 208.75 5.75 18.75 1.70 12.00
S.EM= 7.96 0.42 3.16 0.37 2.58
LSD (0.05) 23.22 1.24 9.23 1.07 7.53
Microbial analysis of cow dung
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purified. On an ABI 3730x| Genetic Analyzer, forward and
reverse DNA sequencing reactions of PCR amplicon were
performed with 16SrRNA-F and 16SrRNA-R primers
using BDT v3.1 Cycle sequencing kit. Using aligner
software, a consensus sequence of the 16S rRNA gene
was produced from forward and reverse sequence data.

The 16S rRNA gene sequence was utilized to
perform BLAST searches against the NCBI's ‘nr
database. The first ten sequences were chosen and
aligned using Clustal W, a multiple alignment software
programmer, based on their maximum identity score.
MEGA 10 was used to create the distance matrix and
phylogenetic tree.

Results and Discussion

All the isolation and analysis methods used for qualitative
analysis of cow’s urine were found effective against
different parameters.

The present study was attempted to assess the
microbial diversity of the fresh cow dung samples by
culture based method as diverse microorganisms have
been reported to be present in cow dung, which include
bacteria and fungi in previous studies (Gupta et al.,2016;
Gupta kk et al.,2016 ; Rupela et al., 2003).

Microbial analysis of cow dung from various breeds
was highly significant when compared to cross breeds,
the Gir —Desi breed had the highest bacterial population,

followed by khillar, Deoin. The highest nitrogen fixing
bacteria were found in the Gir- Desi breed, followed by the
Deoni.Phosphate solublizers were more abundant in
Ghir.Beneficial organisms were found in very small
numbers in the HF and jerssey breeds. Surprisingly, when
compared to cross breeds, very remarkable observations
were recorded in goat dung.

This study revealed the microbial load in cow dung
was more compared to other animal like cross breeds. In
this Desi cow dung was found more efficient compared to
other breed. Experimental results proved the potentiality
of Gir cow’s dung isolates. Data shows that Desi cow’s
dung contained high microbial population with beneficial
isolates. A countable review on enumeration of Desi cows
‘dung isolates. The morphological and cultural
characteristics were observed.

The highest number of microorganisms were
isolated in less dilution and determined by standard
methods. Among the screened isolates 9 isolates were
highly potential this showed up the rapid production of
gelatinase and starch production. The starch and gelatin
liquefaction tests revealed that the screened isolates were
positive. Only a few isolates tested quantitatively positive
for Catalase. This suggests that screening isolates from
cow’s dung really does have a great potentiality and is
bioresourceable. The more studies should be focused on
enumeration and cultural studies on Desi cow’s dung
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Table-2 : Summerised results of biochemical and phytochemical Tests.

Sl. No. Isolates Starch Gelatin Casein PSB Catalase Flavonoids Steroids
Hydrolysis Hydrolysis Hydrolysis

1. ZBDSH1 + + + - + - +
2. ZBDS2 - + - + + +

3. NFBDS15 + - - - + + +
4. NFBDS4 + + + - + + +
5. NFBDS5 + + + - - + +
6. NFBDS6 + + - - - + +
7. NFBDS7 + + + + + + +
8. NFBDS8 + + + - + + +
9. NFBDS20 + + - - + + +

64 NFBDS20
34 {

NR 135732.1

100

29

NR 113800.1

18

NR 112636.1

NR 116873.1

NR 024691.1

14

NR 1174731

NR 118382.1

63 NR 115953.1
64

NR 164882.1

NR 043401.1

Figure-1 : Molecular Phylogenetic analysis by Maximum Likelihood method.

screening to utilize the natural substrate for sustainable
agriculture.

3. Phylogenetic analysis :

The evolutionary history was deduced using the Kimura
2-parameter model as well as the Maximum Likelihood
technique [Kimura., 1980]. The evolutionary history of the
taxa examined is shown by the bootstrap consensus tree
generated from 1000 repetitions. Branches that
correspond to partitions that have been replicated in less
than 50% of bootstrap replicates have been collapsed.

Next to the branches are the percentage of duplicate
trees in which the related taxa clustered together in the
bootstrap test (1000 replicates). The initial tree(s) for the
heuristic search were automatically generated by
applying the Neighbor-Join and BioNJ algorithms to a
matrix of pair wise distances calculated using the
Maximum Composite Likelihood technique, and then
picking the topology with the best log likelihood value.
Eleven nucleotide sequences were analyzed. Positions in
the codon included. Eleven nucleotide sequences were
analyzed. 1st+2nd+3rd+Noncoding codon locations were
included. Gaps and missing data were removed from all

positions. The total number of places in the final dataset
was 1472 (Kumar et al., 2018). MEGA7 was used to
perform evolutionary analysis

The sequenced organism is Bacillus flexus, is rod
shaped Gram variable bacteria, in laboratory conditions; it
produces opaque, creamish, raised margin colonies at
30 + 2°C when incubated at 24-72 hrs recently
transferred to Priestia family known as Priestia flexa(
Gupta et al.,2020). Catalase and oxidase were positive in
the Bacillus flexus strain. Indole, methyl red, and Vogues
Proskauer’s tests all came back negative, therefore citrate
was used instead. Nitrate was converted to nitrite, and the
urea could not be hydrolyzed. Few moderately alkaliphilic
bacteria, particularly those belonging to the genus
Bacillus, can produce extracellular lipase, amylase, and
proteases that are active even at alkaline pH (Martins et
al., 2001; Vargas et al., 2004).

An earlier report reveals that Multidrug resistant
strains of Bacillus flexus species are a part of the
indigenous soil microbial communities have an
advantage. To know the soil microbial diversity we worked
with the metagenomic approach for the identification
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based on the functional and structural diversity of natural
soil microorganisms. Therefore due to its important
function and contribution to the environment is another
motivation for sequencing genome of Bacillus flexus.

In Bacillus aerophilus, Bacillus cereus, Bacillus
megaterium, Bacillus oceanisediminis, Bacillus safensis,
Bacillus circulans, and Bacillus flexus evidence for the
presence of the nifH gene and thus the ability to fix
atmospheric nitrogen was discovered (Yousuf et al.,
2017).

From the analysis it was concluded that Desi cow’s
urine is highly effective and potential in controlling the
plant pathogens. Ancient research and literature
emphasized the antifungal activity of cow’s urine and this
work was concluded to be one of the best natural sources
for enzymes. The hydrolysis and lipase activity proves its
efficiency in agricultural and medicinal value. These may
be helpful in producing commercial enzymes to correlate
with decomposing the agricultural residues and wide
application in industry. Apart from antifungal the isolate is
beneficial to the soil as it has an amazing ability to grow
on glycerol as the sole carbon and energy source.
Isolating such a potential organisms from desi cow urine
is a remarkable observation for us. Very countable reports
are available on Metagenomics of cow urine. Further
research has to do on pot study culture, to quantify the
inhibitors and determine the whole gene sequence.

Conclusions

A Bacillus spp. are one of the most prominent culturable
soil bacteria found in most soils and are well known for
their ability to have a wide range of plant-friendly effects.
Bacillus spp. are well-adapted to a wide range of
environmental circumstances due to their genetic and
metabolic diversity. Bacillus spp. are a good option for use
as a biofertilizer agent because of their vast environmental
adaptability and a variety of positive features.

As seen by the vast range of cry gene uses, Bacillus
spp. characteristics connected with biological control are
increasingly commercially exploited. Apart from the ability
of Bacillus spp. to create endotoxins, other characteristics
such as the generation of antimicrobial peptides should
be commercialised after enough field testing. Bacillus
interactions with other soil microorganisms are very well
studied and have been produced in large quantities to
some extent. Bacillus members have a lot of potential for
agro-biotechnological applications since of their diverse
functional  attributes. However, more targeted
development and testing for crop productivity under field
circumstances is required to boost the scope of practical
utility.
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Abstract

Non-timber forest products (NTFPs) constitute an important source of livelihood for millions of people from forest fringe
communities across the world. In India, NTFPs are associated with the socio-economic and cultural life of forest-dependent
communities inhabiting wide ecological and geo-climatic conditions throughout the country. It is estimated that 275 million poor
rural people in India, depend on NTFPs for at least part of their subsistence and cash livelihoods. The NTFPs also serve as a
vital livelihood safety net in times of hardship. Furthermore, the NTFP extraction has multiplier effects in the economy by
generating employment and income in downstream processing and trading activities. However, depletion of NTFPs resources
on account of indiscriminate exploitation, deforestation and forest degradation have a major issue of concern that may affect
the NTFP based livelihood and economics. This study attempts to outline the extent, reliance and livelihood significance of
NTFPs for forest dependent communities and to suggest strategies for their sustainable development and utilization. Sal leaf
marketing channel in the Ghumsur North Forest Division: Channel 1: Primary Collector/Processed -Village Agents —
Intermediate Agents — Big Traders — Whole Sellers — Retailers- Consumers. Channel 2 — Primary Collector — Weekly Hat
(Weekly Local Market) ~Consumers. Challenges and strategies of NTFP management which will be useful in sustainable
development of resources vis-a-vis provide livelihood opportunities to the poorest section of society have been discussed.

Key words : NTFPs, livelihood, marketing channel, challenges

Introduction

Non-timber forest products (NTFPs) play an important role
in the livelihood of the rural people living near the forest.
Forest acts significantly in the life of landless and tribal
people for income

generation and food from forest (Nayak et. al, 2021;
Singh et al., 2010; Ahenkan and Boon, 2011). NTFPs
include wild edible fruit, mushroom, berry, root, tuber and
green or vegetable etc. to meet the food requirements of
the rural people. According to the World Resource
Institute (1990), NTFPs provide livelihood to nearby 500
million people in India (MoEF, 1996). Globally, more than
a billion people depend directly on forests for their
livelihoods and the remaining six billion of us depend on
forests for a variety of economic, social and
environmental benefits such as the rainfall, biodiversity,
pollinators, carbon storage and clean water they provide.
Out of which NTFPs contribution is significant in providing
adequate food, fuel, feed, health and fiber for growing
populations. The NTFPs play important roles in the
livelihoods of millions of rural and urban people across the
globe (Shackleton et al, 2015; Malhotra et al., 2010;
Pandey et al., 2011). It is well established that NTFPs fulfil
multiple functions in supporting human well being. The
NTFPs provide the products for food, shelter, medicines,
fibres, energy and cultural artefacts for many of the
world’s poorest people and a considerable proportion of

the less poor. After agriculture, NTFP collection was the
most important activity among the respondents as all of
them in the area were involved in the forest activity
(Nayak et. al., 2017). Non-timber forest products (NTFPs)
are goods of biological origin other than timber from
natural, modified or managed forested landscapes. They
include fruits and nuts, vegetables, medicinal plantss,
gum and resins, essences, bamboo, rattans and palms;
fibres and flosses, grasses, leaves, seeds, mushrooms,
honey and lac etc. The NTFPs can also be referred to as
all the resources or products that may be extracted from
forest ecosystem and are utilized within the household or
are marketed or have social, cultural or religious
significance (Shackleton et. al, 2004; Marshall et.al.,
2003). Majority of rural households in developing
countries and a large proportion of urban households
depend on the products to meet some part of their
nutritional, health, house construction, or other needst.
The NTFPs create high economic value and large-scale
employment. The NTFPs have attracted global interest
due to the increasing recognition of the fact that they can
provide important community needs for improved rural
livelihood (FAO., 1995; World Bank, 2006).

Categories and uses of NTFPs : The NTFPs can be
classified into different categories, based on the purpose
of use (for example, as food, fuel, medicine, house hold
utensils and farm implements); the part of plants
harvested (leaf, fruit, stem and roots) and level of use (self
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supporting and commercial). Once viewed as the products
of poor unlike that of the timber for the rich, NTFPs provide
a green social security to billions of people in the form of
food supplements, traditional medicines, fuel and fodder,
low-cost building materials and source of employment and
income generation. In some cases, the revenues earned
from NTFPs are the only source of cash income, which
increases the dependency of people on commercially
interesting NTFPs resources (Pandey, et al., 2015).

Livelihood significance of NTFPs : In Indian context,
NTFPs are associated with socio-economic and cultural
life of forest dependent communities inhabiting in wide
ecological and geo-climatic conditions in different
concentrations throughout the country (Anonymous, 2009
Pandey et al., 1998). Tribal livelihood systems vary
considerably between different regions as also among the
various ethnic groups, depending on ecological, historical
and cultural factors. Collection of NTFPs by communities
primarily for meeting their subsistence needs it varies from
state to state ranging from 5.4-55% in the country. In
Manipur alone, a North-Eastern state of India, nearly 90%
of the population depends on forest products as a major
source and some 250000 women are employed in
collecting forest products. It is estimated that 275 million
poor rural people in India i.e., 27% of the total population,
depend on NTFPs for at least part of their subsistence and
cash livelihoods (Pandey et al., 2016). This dependency is
particularly intense for half of India’s 89 million tribal
people, the most disadvantaged section of society, who
live in forest fringe areas. About 70% of the NTFP
collection in India takes place in the tribal belt of the
country, whereas, 55% of employment in forestry sector is
attributed to NTFP sector (Mallik, R.H. 2000).

The net returns generated from the NTFPs collected
by the respondents were found out from the quantity
collected and the price/bundle or kilogram in the study of
Ghumsur North Forest Division. The net return from

NTFPs were sal leaves > siali leaves > bamboo > fuel
-wood > mahua flower > honey > mushroom > karanja
seed > sal seed > mahua seed (Nayak et.al.,2019).

Global attention on NTFPs : The past decade has
witnessed a rapid growth and upsurge in global interest in
NTFPs of among conservation and development
organizations due to the increasing recognition that
NTFPs can contribute significantly to the livelihoods of
forest dependent communities, household food security
and nutrition; generate additional employment and income
and offer opportunities for NTFP based enterprises
(Belcher et al., 2005; FAO, 2006 ; Poffenberger, M.,
2006). Around one billion people rely on wild harvested
products for nutrition and income and the invisible trade in
wild resources is estimated to generate $ 90
billion/annum. In India alone the livelihoods of around 6
million people are maintained by the harvest of forest
products.

Management interventions : Importance of NTFPs has
moved to the centre stage of the global development
agenda (Shackleton, C.M. and Pandey, A.K., 2014). In the
past two decades, a number of countries have begun to
fine-tune and well-intentioned forest policies to reflect the
socio-economic, ecological and cultural realities of NTFP
use. This has resulted in a number of specific
improvements to the ways in which these products are
regulated, including re-thinking the use of costly and
complex inventories and management plans for NTFPs.
The Food and Agriculture Organisation (FAO) was one of
the first agencies to promote NTFPs through their
Programme on NTFPs. Over the past 20 years, other
international agencies such as the World Bank (WB) and
Canadian International Development Agency (CIDA),
International Development Research Centre (IDRC),
Centre for International Forestry Research (CIFOR),
International Union for the Conservation of Nature (IUCN)
and the Biodiversity Support Programme (BSP), among
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Table-1 : Common NTFPSs observed in Ghumsur North Forest Division, Odisha, their taxonomical positions and plant parts

locally used and its potential uses :

Sl. No. Local Name Botanical Name Family Parts used Uses
1. Arjun Terminalia arjun Combretaceae Bark and fruits Tannin for leather, medicinal
2. Asan Terminalia tomentosa Combretaceae Bark Tassar cocoons, medicinal
3. Amba Mangifera indica Anacardiaceae Roots, bark, seed kernel Fruit edible, medicinal
4. Ambada Spondias pinnata Anacardiaceae Roots, bark, fruits, seeds Medicinal
5. Aonla Emblica officinalis Phyllanthaceae Root, bark, leaves, fruits Fruit edible, medicinal
6. Arakha Calotropis gigentea Apocynaceae Whole plant Medicinal
7. Aswastha Ficus religiosa Moraceae Bark, shoots, fruits, seeds Medicinal, rope, fruits for animals
8. Anchhu Morinda tinctoria Rubiaceae Roots and leaves Medicinal
9. Bandhan Ougeinia oojeinensis Fabaceae Bark Medicinal
10. Bara Ficus benghalensis Moraceae Root, bark, leaves, buds, latex Medicinal, rope, fruits for animals
11. Bel Aegle marmelos Rutaceae Roots, leaves and fruits Medicinal, fruit edible
12. Bhalia Semecarpus anacardium ~ Anacardiaceae Fruits Medicinal
14. Baidanka Mucuna pruriens Fabaceae Roots, leaves, seeds and hair Medicinal
15. Bana haladi Curcuma aromatic Zingiberaceae Rhizomes Medicinal
16. Baula Mimosups elengi Sapotaceae Bark, flowers, fruits, seeds Fruit edible, medicinal
17. Begunia Vitex negundo Lamiaceae Whole plant Medicinal
18. Babul Acacia nilotica Fabaceae Bark, gum, fruits Calico-printing, dyeing, sizing
19. Bahada Terminalia bellerica Combretaceae Bark and fruits Fruit for animals, medicinal, tannin
20. Bhuin aonla Phyllanthus  niruri Phyllanthaceae Whole plant Medicinal
21. Bhuin nimba Andrographis paniculata  Acanthaceae Whole plant Medicinal
22. Bana khajuri Phoenix sylvestris Arecaceae Fruits Medicinal
24, Bhersunga Murraya koenigii Rutaceae Roots, bark, leaves Medicinal
25. Bana tulasi Ocimum americanum Lamiaceae Leaves and seeds Medicinal
26. Chatiana Alstonia scholaris Apocyanaceae Barks and leaves Medicinal
27. Chakunda Casia tora Fabaceae Leaves and seeds Medicinal
28. Champa Michelia champaka Magnoliaceae Whole plant Perfume, medicinal
30. Duba ghassa Cynodon dactylon Poaceae Whole plant Medicinal
31. Dimiri Ficus hispida Moraceae Bark and fruit Fruit is edible , medicinal
32. Dudura Datura fastusa Solanaceae Whole plant Tannin for leather, Medicinal
33. Dhanantwari Cymbopogon citratus Poaceae Whole plant Medicinal
34. Dhaura Anogeisus latifolia Combretaceae Roots, bark, leaves, seeds, gum Medicinal, sizing paper printing
35. Eucalyptus Eucalyptus indica Myrtaceae Leaves Qil, medicinal
36. Gohira Acacia leucophloea Fabaceae Barks Medicinal
37. Gayasha Leucas aspera Lamiaceae Leaves flowers Medicinal
38. Guluchi Tinospora cordifolia Menispermaceae Stem Medicinal
39. Gambhari Gmelina arborea Verbenaceae Whole plant Fruit for animal, medicinal
40. Ganga siuli Nyctanthes arbortristis Oleaceae Leaves, flowers, seeds Medicinal
41. Ghikuanari Aloe vera Asphodelaceae Leaf juice Medicinal
42. Harida Terminalia chebula Combretaceae Fruits Tannin for leather, medicinal
43. Kendu Dyospyros melanoxylon Ebenaceae Fruits and Leaves Fruit is edible, bidi preparation
44, Kaincha Abrus pricatorius Fabaceae Roots, leaves, seeds Medicinal
45, Kaitha Limonia Feronia Rutaceae Bark, fruits, gums Medicinal
46. Lantana Lantana camara Verbenaceae Whole plant Medicinal
47. Lajakuli Mimosa pudica Fabaceae Roots, leaves Medicina
48. Mahula Madhuca indica Sapotaceae Flower and fruits Edible oil, fruits, country liquor
49. Maha neem Melia composite Meliaceae Whole plant Medicinal
50. Mai Lannea coromandelica Anacardiaceae Bark and leaves Medicinal
51. Maha kala Trichosanthes anguina Cucurbitaceae Roots and fruits Medicinal
52. Mundi Mitragyna parvifolia Rubiaceae Bark, roots and leaves Medicinal
53. Neem Azadirchta indica Meliaceae Leaves, bark and seeds Oil and medicinal
54, Sisoo Dalbergia sissoo Fabaceae Roots, leaves, bark, heart wood Medicinal
55. Sunari Cassia fistula Fabaceae Whole plant Medicinal
56. Satabari Asparagus racemosus Asparagaceae Tuberous roots Medicinal
57. Simili Bombax ceiba Bombacaceae Roots, gum, bark and fruits Cotton, medicinal
58. Salai Boswellia serrata Burseraceae Bark ,gum and resin Pleasant smell-burnt, medicinal
59. Sahada Streblus asper Moraceae Roots, bark, leaves, latex Medicinal
60. Siali Bauhinia_vahili Caesalpiniaceae Fibre Binding kendu leaf, rope making

Sources :

Behera, M. 2019.
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others, have incorporated the concept of NTFPs into their
research and development programmes. The concept of
NTFPs, therefore, became an economically acceptable
ecological option of development. Some of the following
strategies need to be addressed for sustained livelihood
through NTFPs.

(i) Sustainability : The sustainability of NTFP harvest
depends on the organs that are harvested but also on the
life cycle of harvested species. Good collection/harvesting
practices of some important medicinal plants / NTFPs as
in the Table 1 have been standardized and its uses were
very effective for the health and livelihood sustenance
(Behera, M., 2019).Adoption of sustainable harvesting
practices at right time of harvest showed positive impact
on resource conservation, socio-economic status of
community, quality of produce and economic returns.

(ii) Monitoring system : Most of the collectors are not
aware about the rules and regulations pertaining to
harvest and management of NTFPs. The monitoring and
enforcement of laws also varied considerably across
central India. There is also the greatest lack of clarity as to
who is responsible for monitoring and enforcing rules
about harvesting and marketing of NTFPs. There is urgent
need for development of effective and locally appropriate
participatory monitoring mechanism. Adoptive monitoring
mechanism with the active involvement of people needs to
be developed. Sometimes third party monitoring can also
be done. The developed harvesting practices may be
modified in light of monitoring results.

(iii) Post-harvest technologies Post harvesting
practices e.g., drying, processing, storage and packaging
can make a major difference to price and quality of
produce.

(iv) Adding value : The majority of NTFPs sold by
collectors/harvesters did not undergo only basic
value-addition. The activity of value addition is largely
performed by market intermediaries and manufacturers
and there is little value addition at the primary collector’s
level. Interventions like preparing time schedule for
collection of material, identification of correct plant and
their parts, maintaining hygienic conditions while
collection, following non destructive harvesting
techniques, removal of foreign material from the collected
product, sorting, drying and storage appropriately and
packaging of collected material. Therefore, some value
addition such as drying, chopping or cleaning at collector
level will increase the value and quality of the produce.

(v) Marketing system : The NTFPs value chains are
complex, with multiple stages and actors involved in the
process of getting a product from forest to consumer; they
are also dynamic and change over time. Therefore,

information about the quantity and quality of the product,
price and their market is very important. Important NTFP
like Sal leaves are an important role for increasing the
economic condition of the country. They depend on the
Sal leaves for collection, stitching and processing of the
plates which are bio-degradable and ecological substitute
for thermo cool. Plates are used locally in the shops, hotel,
marriage and festival. Sal leaf marketing channel in the
study area: Sal leaf marketing channel in the study area :

Channel 1 : Primary Collector = Village Agents =
Intermediate Agents = Big Traders = Whole Sellers
= Retailers = Consumers

Channel 2 : Primary Collector = Weekly Hat (Weekly
Local Market) = Consumers

(vi) Challenges in Marketing : The major challenges
were no formal market, illiteracy, lack of exposure, no
storage facility, lack of institutional support, lack of market
information, lack of demand of the products, poor quality
of the products, remoteness of the village and low shelf life
in priority order. The solutions to the challenges were well
established market involving primary stakeholders,
development of infrastructure for cold storage to be
developed, information about market and price of the
produce through SMS or by different government
institution, market functionaries may be proactive for
timely disposal besides, value addition may be made to
increase durability and marketability, Govt. institutions
should arrange some exposure visit to successful market
for the farmers and location and demand specific products
should be chosen knowledge about demands of product
should be known to dwellers.

(vii) Suggestions for market improvement : Different
majors should be considered for the improvement of
marketing structure and channel for NTFPs like;
Infrastructure Support, Processing, Value Addition etc.,
involvement of Gram Sabha / Palli Sabha, provision of
MSP under Price Support System ,strengthening
institutional support furthering the causes for better
management of NTFPs, Continuous Research and
Development on Scientific Harvest and Forestry
management for restore quality parameters to be fit for
industries, effective marketing linkages with insurance
and working capital support for entrepreneurship, forward
and backward linkages for trade , Capacity Building of
Primary Stakeholders , involvement of PRI on Forestry
Management ,Value Chain Development, Infrastructure /
Enterprises/ Marketing and Enabling policy and
institutionalization.

Conclusions

It is clear that the contribution of NTFPs to income varies
across ecological settings, seasons, income level, etc.
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They contribute to improving nutrition either as part of the
family diet or as a means to achieve household food
security. It has been established that a significant number
of rural, tribal and overall forest dependent communities
derive a significant part of their food, nutrition, healthcare
needs and income from NTFPs. They also contribute to
the well-being of rural households, particularly the poor, in
terms of food security, nutrition, health and subsistence.
However, a number of factors, including a policy vacuum,
non-destructive harvesting, destruction of natural habitats,
bushfires, population growth and high demand, are
hindering the use and development of NTFPs. An
appropriate policy framework for a sustainable promotion
of NTFPs, domestication of NTFPs, improving harvesting
and processing techniques are necessary to facilitate food
security, reduction of poverty and improved livelihoods,
particularly for the economically-marginalized and forest-
dependent communities. Many study indicated that
gathering minor forest produce is the most prominent
source of income and represents, “nitty-gritty? component
of livelihood strategies among the forest dwellers.
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Physicochemical, Sensory and

Abstract

Characterization of fortified sweetened milk kefir with stabilizer (WS) was done and compared with fortified sweetened milk kefir
without stabilizer (WOS) and control kefir. Chemical composition of both fortified sweetened milk kefir with stabilizer (WS) and
without stabilizer (WOS) showed significantly (p<0.05) higher total solids content. The protein and fat content of three kefirs did
not differ significantly (p>0.05). Carbohydrate and ash contents of both fortified sweetened kefirs (WOS & WS) were
significantly (p<0.05) higher than control kefir. The ethanol content was quantified as 0.035% in control kefir, 0.62% in kefir
(WOS) and 0.30% (0.30 g/100g) in kefir (WS). Flavour score was highest for kefir (WS), followed by kefir (WOS) and control
kefir. Body and texture was significantly (p<0.05) higher for kefir (WS). No significant (p>0.05) difference was observed in
colour and appearance among all the three kefirs. Overall acceptability of kefir (WS) and kefir (WOS) was significantly (p<0.05)
higher than control kefir. All textural properties like firmness, consistency, index of viscosity and stickiness of kefir (WS) was
significantly (p<0.05) higher than kefir (WOS) and control kefir. Fortified sweetened milk kefir (WS) demonstrated significantly
(p<0.05) higher antioxidant activity than control kefir but no significant difference was observed with kefir (WOS).

Key words : Characterization, fortified sweetened milk kefir, proximate composition.

Introduction

Among the many fermented dairy products, kefir gained a
lot of attraction in health conscious population being good
for health. In central Asia between the Caucasus
Mountains and Mangolia kefir has been consumed for
thousands years (Dzwolak & Ziajka, 2000) and now it is
becoming outspread in other part of the world. Kefir results
from mixed microbial activity that gives it a slightly acidic
taste, yeasty and tangy flavour. Various attempts have
been made to make the milk kefir tastier and palatable
with addition of sugar, dietary fiber and stabilizer. In one
such experiment (Solanki and Ghosh, 2021) we showed
the optimization process of fortified sweetened milk kefir
with addition of 6% sugar, 3% inulin & 0.1% pectin.
Addition of sugar, inulin and pectin brings about desirable
change in optimized product in terms of taste,
composition, texture, sensory characteristics and shelf
life. Since the kefir is complex mixture of symbiotic
bacteria and vyeast, it results a non-homogenous
composition that also widely affected by milk type and
volume that ultimately affect its physiochemical, sensory &
textural properties (Altay et al 2013). In addition to this, the
composition of its grains and cultures and the production
process also influence its properties (Otles and Cagindi
2003). In one experiments Mitra and Ghosh (2019)
reported quality characteristics of kefir prepared from
different kefir grain source like US, Australia and India.
Wszolek et al. (2001) analysed properties of kefir made

from bovine, caprine and ovine milk with different starter
cultures. Kefir commonly contains 89-90% moisture, 0.2 -
3.5% fat, 3.0 - 3.3% protein, 4 - 6.0% carbohydrate, 0.7 -
0.9% ash and 0.8 - 1.0% lactic acid and 0.8 - 1.0% alcohol
(Otles and Cagnidi 2003). In literature, kefir's structural
and microbial composition is analysed in details (Prado et
al. 2015) but there is little information available on kefir
proximate composition and its physiochemical, sensory &
textural properties. Specifically, in presence of sugar,
inulin and pectin the said properties are relatively
unknown, so current study was designed to evaluate the
optimized fortified sweetened milk kefir (with stabilizer) for
physiochemical, sensory, textural, antioxidant properties
and compared with control and fortified sweetened milk
kefir (without stabilizer).

Materials and Methods

Preparation of fortified sweetened milk kefir (ws) :
Development and optimization process of fortified
sweetened milk kefir (WS) has been reported by Solanki
and Ghosh (2021) in detail. Briefly whole fresh milk was
standardized to 3% fat and homogenisation was done.
Fortified sweetened milk kefir was prepared with the
addition of stabilizer i.e. pectin at 0.1% level, sugar at 6%
level and 3% inulin on milk basis. Heat treatment up to
90-92°C for 10 minutes was done followed by cooling at
30°C. At this temperature, kefir grains were inoculated at 4
g/L to the milk and incubated at 30°C for about 20-24 h in
B.O.D incubator till the titratable acidity reached at 1%
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lactic acid. The fermented product was thoroughly stirred
and sieved through nylon sieve of 1/20-inch mesh size to
retrieve the kefir grains. Finally, product was filled in
polypropylene cups and kept for maturation for 24 h at
refrigerated temperature (6-8°C) and stored. For
comparison, control kefir was prepared in same manner
as the optimized product without addition of pectin, sugar
and inulin. Kefir without stabilizer (WOS) was also
prepared with 6% sugar and 3% inulin on milk basis.

Proximate composition : Moisture content of kefir
samples were determined as per AOAC 925.23 A (1990)
given for milk. Fat was determined as per the method
AOAC 989.05. (2012) given for milk. Total protein in
sweetened milk kefir was determined as per the method
described in AOAC 991.20 (2012) for milk. The total
carbohydrate content was determined by difference. Ash
content of kefir samples were determined as per the
method described in AOAC 945.46. (2012) given for milk.

Physico-chemical analysis

pH : The pH of kefir samples was measured directly by
inserting the electrode into the sample followed by
recording of reading.

Titrable Acidity : The acidity of kefir samples was
measured as per the method of AOAC947.05 (2012) for
milk. Briefly Phenolphthalein indicator of 2-3 drops was
added and titrated against 0.1 N NaOH till the first
appearance of faint pink colour. The acidity was
expressed as % lactic acid by weight.

Ethanol estimation : The ethanol content of kefir
samples was determined using GC unit (M/s Agilent
technologies, U.S ; Fig.4.5) equipped with Flame lonization
Detector (FID)y and GC column, HP-5 5%
phenylmethylsiloxane (30m L x 0.25mm ID x 320 pym film
thickness). The carrier gas was Helium (column flow rate
1.2 mIyminute) in constant flow mode. The flow mode was
split less. The injector and the detector were set at 180°C
and 280°C, respectively. ldentification of ethanol was
achieved by comparing the retention times of the peaks
with previously run pure ethanol in toluene standard

Antioxidant property analysis : Antioxidant activity of
fortified sweetened milk kefir was checked by estimating
scavenging effect of the kefir upon 1,1-Diphenyl-2-
picrylhydrazyl (DPPH) Radicals. This estimation was done
according to the method of Liu et al. (2005) with slight
modifications. Briefly, 1ml of milk kefir (1mg milk kefir in 1
ml distilled water) is mixed with 1 ml of working methanolic
solution of DPPH Radicals. The mixture was shaken
vigorously and left to stand for 30 minutes in the dark, and
the absorbance was then measured at 517 nm.

Sensory evaluation : Sensorial assessment of the all

three milk kefir samples was carried out by an expert
panel of minimum five judges to judge the kefir samples on
a 9-point hedonic scale (9-like extremely; 1=dislike
extremely) at room temperature. Duo-trio tests were used
to determine a candidate’s ability to detect differences
among similar products with different ingredients for
selection of Judges.

Textural analysis : Textural properties such as firmness,
consistency, index of viscosity and stickiness were
determined using TA-XT Plus Texture Analyser (Stable
Microsystem, UK) with P/25 cylindrical probe. At 6-8°C,
textural properties of kefir samples were measured using
200 ml kefir in a 250 ml beaker. The probe travelled at a
speed of 1.0 mm/s up to 10 mm distance into the kefir
sample from the surface and then returned to the original
position generating force-time curve. The positive peak of
the curve gave firmness (Newton), the negative peak gave
stickiness (Newton), the area of positive peak gave
consistency (Newton-second) and the area of negative
peak gave index of viscosity (Newton-second).

Statistical analysis : The data were subjected to analysis
of variance (ANOVA) using IBM SPSS statistics 23
software. Results of triplicate trials were used for statistical
analysis.

Results and Discussion

Proximate composition : Proximate composition of
control, fortified sweetened milk kefir (without stabilizer)
and fortified sweetened milk kefir (with stabilizer) is
depicted in Fig.1. It was observed that with the addition of
inulin and sugar, moisture content of kefir decreased
significantly (p<0.05). Chemical composition of both
fortified sweetened milk kefir (with and without stabilizer)
showed significantly (p<0.05) higher total solids content
due to the addition of sugar and inulin. The fat content of
these three kefirs did not differ significantly (p>0.05) as
they were made from the same milk in which
standardization of fat was done. Similarly, protein content
also did not differ significantly (p>0.05) as all kefirs were
made from the same milk. However, carbohydrate and
ash contents of both fortified sweetened kefirs were
significantly (p<0.05) higher than control kefir because of
the addition of sugar and inulin. Carbohydrate content was
measured by difference.

Kefir composition is non-uniform and not very much
depicted (Otles and Cagindi 2003) and depends upon the
type of milk and starter culture. It was observed that with
the addition of inulin and sugar, moisture content of kefir
decreased significantly (p<0.05). It is because of sugar
and inulin significantly increases (p<0.05) the total solid
content of the kefir resulting in the loss of moisture
content. The fat content of these three kefirs did not differ
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Fig.-1 : Chemical composition of control and fortified sweetened milk kefirs.

significantly (p>0.05) as they were made from the same
milk in which standardization of fat was done. The fat
content of all the three kefirs is also in agreement with
values reported by Magalhaes et al. (2011) for Brazilian
kefiri.e.2.34% after 24 h of fermentation. Similarly, protein
content also did not differ significantly (p>0.05) as all
kefirs were made from the same milk.

However, carbohydrate and ash contents of both
fortified sweetened kefirs were significantly (p<0.05)
higher than control kefir because of the addition of sugar
and inulin (Fructan). Carbohydrate content of control kefir
is also in agreement with value reported by Wszolek et al.
(2001) for bovine kefir i.e. 4.7% and slightly lower than
reported by Ozer and Ozer (1999) i.e. 6%. In various
studies ash content of kefir reported is 0.7% (Ozer and
Ozer 1999) 0.55% to 0.66% (Kok-Tas et al. 2014),
0.7%-1.1% (Wszolek et al. 2001). Our results are also
comparable with these findings.

Acidity and pH : Acidity and pH of control kefir, fortified
sweetened milk kefir (without stabilizery and fortified

sweetened milk kefir (with stabilizer) is depicted in Table.1.
It was observed that these three types of kefirs did not
differ significantly (p>0.05) in terms of pH and acidity.

Acidity was higher and pH was lower slightly in kefir
(with stabilizer) than kefir (without stabilizer), may be due
to more maturation period for the former kefir. But
optimized products (.e. kefir with stabilizery showed
optimum pH and acidity.

Ethanol estimation : The exotic, refreshing flavour and
unique aroma of kefir is ascribed to its ethanol content. It is
one of the major products formed during fermentation
along with lactic acid and CO; (Otles and Cagindi 2003).
Thus, ethanol content was estimated in kefir using GC-FID
(Gas Chromatography-Flame lonization Detector). The
retention time (RT) and peak area of ethanol and internal
standard i.e. butanol in control and fortified sweetened
milk kefirs obtained by GC-FID analysis is presented in
Table 2. The peak area was quantified as % ethanol of the
product as per the formula given in section 4.3.1.8. The
ethanol content was quantified as 0.035% (0.035 g/100g)
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Table-1 : Acidity and pH of control and fortified sweetened milk kefirs.

Attributes Control kefir K(WOS) K(WS)
Acidity 1.03 + 0.07° 1.04 + 0.04° 1.09 + 0.02°
pH 4.47 + 0.02° 4.46 + 0.02° 4.43 + 0.01°

Mean = S.D; means with different superscripts in a row differ significantly (p<0.05) (n=3); K(WOS) —Kefir without stabilizer, K(WS) -

Kefir with stabilizer.

Table-2 : Retention time and area of chromatograms of control and fortified sweetened milk kefirs obtained by Gas

Chromatography.
Compound Std-reference Control Kefir Developed Fortified Fortified Sweetened Milk
identified (Butanol) Sweetened Milk Kefir Kefir (WOS)
(WS)
RT(min) Area RT (min) Area RT (min) Area RT (min) Area
Ethanol - - 2.658 2619373 2.696 64616261 2.657 38355538
Butanol 3.921 77634284 3.916 74550765 3.916 214366237 3.920 61567292

WS-with stabilizer, WOS-without stabilizer

in control kefir, 0.62% (0.62 g/100q) in fortified sweetened
milk kefir (without stabilizer) and 0.30% (0.30 g/100g) in
fortified sweetened milk kefir (with stabilizer). It was
observed that addition of sugar and inulin increased the
ethanol content of kefir. Yeasts are primarily responsible
for the ethanol production in kefir.

Although yeasts are commonly recognized for
ethanol producing ability, but hetero fermentative
lactobacillus are also capable of producing ethanol (up to
0.25%) and CO, (Marshall et al. 1984). Kefir has been
accounted to contain 1.98 g/L of CO, and 0.48% alcohol
(Beshkova et al. 2002), and the substance of carbon
dioxide (201.7—277.0 ml/L) emphatically related with the
quantity (10-100 g/L) of kefir grains (Garrote et al 1998).
There are notable variations among the reported ethanol
contents of kefir (0.01-1.0%) (Kurman et al. 1992). The
measures of ethanol and CO, produced amid the
maturation of kefir rely upon the production conditions
(Farnworth 2005).

Antioxidant activity : Antioxidant activity of kefirs was
determined by using 2, 2-diphenyl-1-picrylhydrazyl
(DPPH) assay. DPPH is a stable free radical and when
dissolved in methanol it exhibits a characteristics
absorption at 517 nm. Antioxidant molecules act as
hydrogen donor and scavenge the free radicals by turning
the colour of DPPH assay solution from dark purple to light
yellow, resulting in absorbance value.

Fig.-2 depicts the DPPH radical-scavenging activity
of control kefir, fortified sweetened milk kefir (without
stabilizer) and fortified sweetened milk kefir (with
stabilizer). Fortified sweetened milk kefir (with stabilizer)
demonstrated significantly (p<0.05) higher DPPH
radical-scavenging activity than control kefir. Highest
scavenging activity (58.28%) was showed by fortified
sweetened milk kefir (with stabilizer), followed by fortified
sweetened milk kefir (without stabilizer) (56.90%) and
control kefir (55.14%).

Higher scavenging activity of fortified sweetened
milk kefir may be due to antioxidant effect of inulin fibre.
Pectin present in fortified sweetened milk kefir (with
stabilizer) may have shown antioxidant activity of it.
Soultani et al. (2014) reported that the addition of pectin
did not decrease the antioxidant properties of tea and
suggested the use of pectin in new food formulations
because the expected health benefits are not masked by
the presence of pectin. Liu et al (2005) reported the effect
of milk kefir and soy milk kefir on the scavenging activity of
DPPH radical displayed significant activity than milk and
soy milk. They suggested that some components of
antioxidant presented in the kefir grains were transferred
to milk and soy milk during fermentation. The increased
scavenging activity of fermented milk may also be related
to milk protein peptides (Chen et al 2003; Nishino et al
2000; Suetsuna et al. 2000). McCue and Shetty (2005)
suggested that the increasing of antioxidant activity during
soy milk yogurt production using kefir culture may be due
to the mobilization of phenolic compounds. Guven et al
(2003) analysed the antixoidative outcome of kefir and
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Fig.-2 Antioxidant activity of control and fortified
sweetened milk kefirs.
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Vitamin E against oxidative harm of CCl, in animal model.
Results demonstrated that both Vitamin E and kefir have
an ability to protect tissues against CCls-incited harm, and
kefir offered more insurance when contrasted with
Vitamin E. Sirirat and Jelena (2010) reported that the high
inhibition percentage of antioxidant activity of rice-milk
kefir was similar to inhibition percentage of BHA activity.
BHA is known to be effective antioxidant (Madhavi et al.
1996).

Sensory evaluation : Sensory attributes of control kefir,
fortified sweetened milk kefir (without stabilizery and
fortified sweetened milk kefir (with stabilizer) is depicted in
Fig.3. It was observed that flavour score of these three
types of kefir were significantly (p<0.05) different from
each other and it was highest for kefir (with stabilizer),
followed by kefir (without stabilizer) and control kefir,
respectively. Body and texture was significantly (p<0.05)
higher for kefir (with stabilizer). No significant (p>0.05)
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difference was observed in colour and appearance among
all the three kefirs. Overall acceptability of kefir (with
stabilizer) and kefir (without stabilizer) was significantly
(p<0.05) higher than control kefir.

Flavour, body and texture were significantly (p<0.05)
higher for kefir with stabilizer than kefir without stabilizer,
may be due to the pectin addition. Pectin is a stabilizer
which shows very complex rheological behaviour that
depends on its addition in the presence of sugars and
acids. As pectin has thixotropic behaviour in the presence
of sugars and acids, it behaves as liquid upon agitation
but settling into gels at rest (Chan et al 2016). Same
behaviour was observed in sweetened milk kefir. During
retrieving of kefir grains, the product was same as liquid
but after maturation period it became set because of the
again formation of gel structure by pectin. It has been
reported that heat treatment of milk does not affect the
ability of pectin to stabilize particles such as casein and
denatured whey protein (Chan et al. 2016). In agreement
to this, Towler (1984) found that very high heat treatments
(95°C for 60 min,) did result in reduction in whey
separation but no whey separation occurred in beverage
made with 0.3% pectin.

Textural properties : Textural properties of control kefir,
fortified sweetened milk kefir (without stabilizer)y and
fortified sweetened milk kefir (with stabilizer) is depicted in
Fig.4. It was observed that firmness of kefir (with stabilizer)
was significantly (p<0.05) higher than kefir (without
stabilizer) and control kefir. Similarly, consistency was also
significantly (p<0.05) higher for kefir (with stabilizer) than
kefir (without stabilizer) and control kefir. Similar trend was
observed in index of viscosity and stickiness. All textural
properties were significantly (p<0.05) higher for kefir with
stabilizer than kefir without stabilizer, may be due to pectin
in kefir with stabilizer type kefir showed its functional
properties during maturation period.

Optimized product was showing higher firmness
may be because of higher total solids content. Paseephol
et al (2008) also stated that the firmness of yogurt is
directly dependent on its total solids content.
Exopolysaccharides (EPS) may contribute altogether to
the textural properties of kefir (Chen et al 2009). In kefir,
Kefiran is an exopolysaccharide (Farnworth 2005), can
increase viscosity, water retention and collaboration with
different segments of the milk, bringing about increased
rigidity of the casein framework in the end product and
therefore, less syneresis in that product (Duboc and
Mollet 2001).

Conclusions

An attempt was made to do characterization of fibre
fortified sweetened milk kefir. It can be a potential

alternative to other fermented dairy products like misti dahi
and yogurt etc. Composition of developed and control kefir
was similar except moisture content. Total solids content
was seen higher in fortified sweetened milk kefir. pH and
acidity was not much differing in all kefirs. Sensory
evaluation of developed fortified sweetened milk kefir
revealed that addition of sugar made its taste more
palatable which was liked by Indian palate. Pectin and
inulin addition improved the textural properties and water
holding capacity of kefir contributing to its acceptance.
Antioxidant activity was also found more in the developed
product. Ethanol content was found slightly more in
developed product than control kefir. Fortified sweetened
milk kefir was found superior in sensorial and textural
properties than normal kefir.
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Abstract

In small-scale fisheries all around the globe, women play a significant role. Their contributions to the sector’s productivity and
household income made the whole fish value chain. However, this labor goes unnoticed and unappreciated, and women are still
out of decision-making in fisheries management and policy formulation. This study aims to overlook how women’s fish
processing and trading operations contribute to the fish value chain. This approach combines the Resource-Knowledge-
Based-View, which emphasizes how women’s actions generate value at all levels of the value chain. Findings show that a)
valuable assets arise from women’s labor in small-scale fisheries and b) to make gender visible: implementation of policy is
necessary. Recognizing the significance of women’s work is a step toward empowering them and making an otherwise invisible

workforce visible.

Key words : Resource-Knowledge-Based-View, Women, Gender, Fish value chain

Introduction

Women have a significant contribution to the global
seafood economy. About half of the 200 million individuals
involved in small-scale fishing are women [46]. Women
work in the catch, selling, processing, and financial
elements of fisheries [16]. Yet, in fisheries economics,
women’s labor inside fish value chains remains
overlooked and devalued. It is because most research on
fisheries has been done by natural sciences, which
focuses on fish resource dynamics, harvests, and hence
fishing - a male-dominated activity [44,42]. However,
fishing and the sea are associated with masculinity due to
cultural norms and prejudices [8]. The role of men in
fisheries is too revered in folklore, culture, and literature,
but not for cleaning and preparing fish for food [31]. This
bias extends to scholarly writing on fisheries, where men
fishers have received far more attention than fisherwomen
[32]. The fisheries development policies focus
overwhelmingly on fish production while ignoring the
processing and distribution process [22]. Despite recent
studies demonstrating women’s contributions to the
fisheries sector [42, 22] gendered aspects of fishing have
yet to be accepted by the public in fisheries science,
economics, and policy. The outcome, we suggest, is a
dominating implicit theory of value in fisheries research
and economics that favors production (fish harvests) while
ignoring or underestimating the importance of
post-harvest activities in producing value. The Use of
value, social, cultural, and political worth and conceptions
of human well-being are ignored from economic
definitions of value (financial or exchange value) [10]. As a
result, unpaid labor and other intangible contributions
made by women in the business go unnoticed. Second,

the goods of producers might be valued not only in terms
of use and trade criteria but also in terms of who creates
them [31]. Several feminist studies across disciplines,
geographic and historical contexts have looked at how job
and skill categories — and hence value — are gendered
[34]. Women are not seen as real workers by patriarchal
norms and beliefs as the labor done by women has no
worth. Thus, local forms of patriarchy and gender
constructs under which labor divisions are formed are at
the foundation of the discounting of women’s
work. According to a recent worldwide estimate of marine
fisheries employment (in 144 coastal countries), the global
marine fisheries employ roughly 260 million (76 million)
people, encompassing full- and part-time work in direct
and indirect sectors, men, women, and children [16].
Surprisingly, Asia and Africa contributed the most to global
fisheries employment, owing to the scarcity of jobs in
sections of these two continents [43]. Although
involvement varies greatly from one location to the next,
combining these two figures would result in 130 million
women contributing to worldwide marine fisheries in some
form [2]. Women catch less fish, especially huge fish, than
males. They do, however, have a disproportionately high
involvement rate in invertebrate collecting, processing,
and marketing, and they make up the majority of
employees in seafood processing factories in several
regions of the world, including Asia, Africa, and the Pacific
[42]. Nonetheless, in most nations and areas, their efforts
go unnoticed. Although recent research on small-scale
fisheries covers most of the known data on women and
fishing, quantitative data on participation and/or
contribution to total catch was only available for a few
countries [12]. The vast corpus of literature on the subject
of women and fisheries, or gender and fisheries,
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demonstrates significant efforts in recent decades to
enhance the prominence of women’s engagement in
fisheries [36]. Many of these studies highlight the absence
of gender-disaggregated data in fisheries-related activities
as a fundamental barrier to increasing gender equity. The
different fisheries-related activities that women are
participating in across the world are listed here to illustrate
the worldwide scale of their engagement in fisheries [25].

Europe : Women have played a major role in the
processing business in Europe since the 19th century,
especially at the peak of the herring fishery [35]. Women’s
engagement in the fisheries industry in the European
Union is estimated to be 6% and 59 % for marine fishing
and processing, respectively, according to the World Fish
Center, with over 65,000 women engaged in these two
sectors combined [35]. Compared to their roles in support,
marketing, processing, trading, and other fisheries-related
activities, women in this region have a relatively modest
part in capture fisheries (aside from picking shellfish). The
extent to which women participate in these activities,
particularly their involvement in sustaining fishing
operations, fisher-families, and communities, is unknown
at this time [47]. Women are still substantially excluded
from fisheries management systems, such as fisheries
cooperatives and policy creation, despite increased
gender equality in Europe [35]. While women gained the
legal right to fish in certain countries, such as France, in
1963, most of the unpaid labor they perform to maintain
family fishing companies remain unnoticed. In 1986, the
European Council Directive (816/613/ EEC) on ‘“the
application of the principle of equal treatment between
men and women engaged in an activity, including
agriculture, in a self-employed capacity, and on the
protection of self-employed women during pregnancy and
motherhood” [11] gave women indirectly involved in
fisheries some legal recognition. This has given women
who work in fisheries in administrative and support tasks
(e.g., bookkeeping, repairing nets, auctioning fish, etc.)
some recognition and legal status [11]. Women typically
do not consider this profession because it may be done at
home while juggling other domestic and child-rearing
responsibilities [45]. The opportunity cost of recruiting
someone else to perform this function is the economic
worth of this role. This has yet to be measured, but it must
be taken into account when valuing women’s contributions
to fisheries [15]. Summer rentals at fisher families’ houses
in Western Europe (e.g., Germany) are organized by
fishermen’s wives as a method to augment the family
income, thereby giving an indirect subsidy to their
husbands, allowing them to continue fishing activities that
are no longer viable. Recent research on women’s
engagement in UK fisheries backs up the assumption that
women play a significant but undervalued role in the

hidden workforce, providing unpaid help to fishing
businesses [47]. According to the study, while women
make considerable contributions to the fishing sector, they
are underappreciated, either unpaid or underpaid, and
have little participation in management and policymaking
[24].

Africa: The role of small-scale fishing in poverty reduction
and food security in Africa has gotten a lot of attention [3].
Processing and trade, in addition to the core industry of
fishing, have been recognized as bringing significant
value to the economy, which was previously
undervalued. In terms of gender and fisheries, current
research has focused on the involvement of women in
African fisheries. Women, who are typically regarded
among the poorest and most disadvantaged populations
in developing nations, can earn money in the fishing
industry. Women account for 80—-90 % of fish dealers in
the Congo [3]. Women’s involvement in the fish trade has
been highly integrated into the culture in some parts of
Mozambique, both as a way to supplement meager
household incomes and because the majority of male
laborers were increasingly employed in South African
mines, whereas women are minimally involved in other
parts of Mozambique [18]. Women have traditionally been
involved in the harvesting of marine creatures at low tide in
coastal villages throughout the Comoros islands. Here,
women often sell half of their catch and keep the other half
for family use, so directly contributing to household
income and food security [17]. Women have an important
role in the processing and funding of fisheries in West
Africa [28]. Market women in West Africa lend money to
fishermen and maintain clear client-patron ties [41].
Although women in West Africa seldom catch fish, they
play an important part in distributing it, which affects the
family’s economic returns, as well as supporting tasks
such as delivering consumables (such as ice, bait, and
salt) and mending fishing gear [41]. Women in East Africa,
on the other hand, harvest from the intertidal zone in
Mozambique, and seaweed farming, octopus traps, and
fishing tiny fish in the intertidal zone in Tanzania [7].
However, as an octopus has grown in value on the
international market, males are progressively displacing
women from this occupation, which formerly supplied
them with both a source of revenue and a source of
nutrition. Although women are vitally involved in fishing for
survival and livelihood, their efforts are usually unnoticed.
As a result, women are excluded from fishing groups,
creditors overlook them, and no training is provided to
enhance fishing tactics, opportunities, and circumstances
[13]. Gender factors must be addressed as a basic
component of food and income security planning in rural
African communities, especially since globalization affects
the local availability of primary resources such as fisheries

(1.
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Table-1 : Main species captured by women’s near shore fishing activities[40]

Group

Species

Uses

Fish

Moray

Shrimp

Crabs

Shelled
molluscs

Octopus

Squid

Peanut worms

Peanut worms

Herbivores and grazers found on
reefs and seagrasses include
rabbit fishes and spinefoots
(Siganidae), wrasses (Labridae
including e.g. Novaculichthys
macrolepidotus), surgeonfishes
and unicornfishes (Acanthuridae),
and parrotfishes (Scaridae and
e.g. Leptoscarus vaigiensis)

Muraenidae (e.g., Echidna
nebulosa, Enchelynassa canina,
Gymnothorax spp.)

Palaemon concinnus,
Metapenaeus ensis, Psalidopus
huxleyi, Metapenaeopsis spp.,
Metapenaeus spp.

Portunidae, Scylla
Portunus armatus

serrata,

Sampling of mollusc

Octopus cyanea, Callistoctopus
ornatus, Octopus spp.

Loliginidae (e.g. Sepioteuthis
lessoniana, Sepioteuthis spp.)

Echinoidea

Sipunculida

Expenditure and income of households Species are available fresh or
dried. Drying is a popular practice in remote places (because to
transportation issues/ costs). Spine foot and wrasse species are offered
grilled at the weekly market (to domestic tourists). Children and teens
specialize in capturing small bodied species and young fish found in
extremely shallow reef, rockpool, and seagrass ecosystems utilizing a
small portable Hawaiian sling made of a rigid metal wire propelled by an
elastic band.

Moray eels are a low-value species that are mostly consumed by fisher
families. They are, however, quite easy to catch because they may be
found in tidal pools looking for stranded fish and invertebrates.

Most shrimp and prawn species are in high demand, and are either sold at
market, used to make shrimp powder, or consumed locally to flavor recipes.
Brackish species are fished annually with hand nets in river mouths or with
beach seines established. Small toddlers frequently seek shallow water
and tidal shrimp by overturning rocks at low tide.

The majority of tiny reef crab species, such as blue swimmer crabs, are
consumed in the home. Large crabs (Scylla spp., mangrove mud crabs) are
marketed locally.

At the household level, the meat of bivalves and gastropods is utilized for
food. Only a few species, such as Asaphis violascens and Tridacna
squamosa, are harvested to be sold fresh for eating. Households consume
Cypraea tigris, Cypraecassis rufa, and Pinctada margaritifera, and their
shells are sold.

Three gastropods (Charonia tritonis, Mauritia arabica, and Monetaria
caputserpentis) and one cephalopod (Nautilus pompilius) were not
devoured, but their empty shells are sold to visitors (for example, * $25 per
shell for Charonia tritonis). Turbo marmoratus (* $5-12/shell) and Tectus
niloticus (*$5-12/shell) are also sought for for adornments, ornamentation,
or jewelry.

84 percent of the bivalves and gastropods detected were solely for
domestic consumption.

The octopus was collected by prodding and probing coral crevices with an
iron rod. With a mean market price of $4.55/kg, octopus was consistently
one of the most valuable of all species collected across all fisheries, with a
price varying according to size.

Octopus is a valuable source of cash (it is prioritized for sale) and is
available sun-dried, smoked, or fresh. For social occasions, octopus is
cooked in palm leaves. Small people are occasionally exploited as bait.

The selling of squid is prioritized. It's caught with a hand line and sold either
fresh or smoked (never observed as a dried product)

Urchins are collected for eating in seagrass regions. The roe is taken out
and fried (steamed), or the urchin is roasted whole over hot coals and
broken open to eat.

In seagrass habitats, sipunculid worms are excavated from the sand. The
rough skin is removed, and the inside meat is cooked, fried, or dried for
eating.

America : In Canada and the United States, there is a
paucity of literature about women in fishing. Women’s
roles in fishing towns in Newfoundland and Nova Scotia,
however, have received a lot of attention, especially at the
peak of the Atlantic cod fishery [5]. Women had a crucial
role in the processing of cod for shipment to Europe and
the Caribbean, two of the fishery’s most significant trade
partners [29]. Furthermore, while women in northern
Canadian indigenous communities have played a part in
fishing, they have been mostly excluded from choices that
influence the resources they utilize [20]. However, their
efforts go unnoticed, and they are rarely mentioned in
fisheries sector statistics or socio-economic valuations
[33]. To rise their profile within fishing communities and at

the level of government, women are beginning to organize
themselves and find a collective voice in fish worker
cooperatives. Women directly participate in fishing-related
activities and indirectly assist fisher families and
communities in Latin America (Mexico, Central, and South
America) and also beginning to contribute to debates
about the link between sustainable fisheries and healthy
fishing communities as a result of their involvement in
workshops and conferences [16].

Asia : Several variables, including growing aquaculture
output, labor mobility across nations, and changing social
standing of women, have contributed to women’s shifting
position in Asian fisheries. Asia, being the world’s largest
aquaculture producer, is seeing an increase in the number
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of women working in the industry. Although women
contribute more labor to the aquaculture industry than
males, they are typically excluded from decision-making
processes [4]. In China, which has a large
population, Women make up 33 % of the rural aquaculture
workforce in 2008 [4]. accounting for 62% of reported
world aquaculture production with contributions ranging

from 42% to 80% in Indonesia and Vietnam. Furthermore,
when women migrate across borders to work as workers
in neighboring nations or the Middle East, their traditional
role in reef gleaning and coastal food collecting is being
supplanted [30]. In locations like the Philippines, the role
of women as regular and steady household food suppliers
is shifting, and nutritional security may be jeopardized if
their position is not properly recognized. The United
Nations has made some efforts to develop microcredit
programs in fishing villages to aid in poverty reduction and
women’s empowerment. In Vietham and the Philippines
[16], this microfinance method, which includes loans,
savings, and insurance coverage, has proven effective.
Through their job as fish sellers, women in Goa, India,
have earned significant economic independence and
empowerment, enhancing living conditions and expanding
prospects for their families [14]. Environmental
deterioration and unsustainable resource extractions in
Malaysia have diminished livelihood diversification,
putting gender equity in homes and communities where
women formerly worked alongside men in fishing activities
in jeopardy. Women’s social and economic roles have
shifted in Bangladesh and presumably throughout much
of Asia as a result of the transition from subsistence
economies to global market economies driven by
commerce [19]. In Asia, innovative microcredit schemes
have improved women’s access 1o economic
opportunities and employment Women’s social and
economic roles have shifted in Bangladesh. and
presumably throughout much of Asia as a result of the
transition from subsistence economies to global market
economies driven by commerce [19]. In Asia, innovative
microcredit schemes have improved women’s access to
economic opportunities and employment [6]. To
understand the ramifications of these shifting roles on
fisheries, women, and development, more research is
needed [27].

Value and contribution :

Women’s catches in marine fisheries Though
women’s participation in fisheries is common over the
world, we focus our quantitative analysis on the Pacific’s
small-island developing countries—a region long
renowned for its reliance on seafood and where women
are known to be significantly involved in fisheries
operations. Even though fishing is a recognized hobby for

women, statistics on the subject sometimes fail to reflect
this contribution. The most typical occupation for women is
reef gleaning, which entails collecting invertebrates as
shown in table-1 (crabs, shellfish, octopus, echinoderms,
and so on) and fish from the beach. This occupation is
mostly carried out by women, and it provides a significant
amount of the local daily diet Most officially reported
fisheries to catch data do not adequately represent
activities like reef gleaning, at least not to the level that
firsthand observations show [38]. National statistics
provided to and published by the United Nations’ Food
and Agriculture Organization (FAO) provide some
estimates of invertebrate catches, but only for those taken
and sold for export. In most situations, the subsistence
component has been substantially disregarded [26].
However, certain nations, such as Fiji, have recently made
significant efforts to estimate subsistence catches,
realizing that this is one of the most important domestic
fisheries sectors [39].Women'’s participation in the overall
catch varies by ethnic group [23] and industry. Women
dominate subsistence activities, notably in Melanesia,
with over 2/3 of the population. This periodical publishes
in-depth papers regularly from major academics in the
field of Pacific women and fisheries, on themes ranging
from fishing practices to food security and policy. Women
caught 80 %of the subsistence catch in Micronesian and
Polynesian societies, whereas women caught 20 to 25 %
of the subsistence catch in Micronesian and Polynesian
civilizations. Women in Melanesian societies contributed
20% to the commercial, artisanal catch, but women in
Micronesian and Polynesian cultures contributed just 10%
to the commercial catch [23].

Nutritional contribution : In many regions of the globe,
fish (including invertebrates) are an important and often
vital component of the diet, contributing significantly to
protein demand and giving essential micronutrients to
men, women, and children’s diets. Fisheries and
aquaculture for local consumption provide a significant
contribution to family nutritional security, especially in
developing countries. Immune function, childhood growth,
cognitive development and function, and reproductive
success are all dependent on proper nutrition [21]. While
livelihoods in the fishing industry, particularly small-scale
fishing, have been connected to household nutritional
security [21] additional research is needed to fully
comprehend the relationship between nutrition and
small-scale fishing.

The economic value : The overall income (i.e., landed
value) of the catch obtained by women was determined
using the catch estimates from women’s fishing activities
as derived above, in conjunction with country-specific
ex-vessel pricing data [37]. The economic effect was then
evaluated along the value chain, which included direct and



Khushbu Sharma et al. 391

indirect impacts from fisheries, using country-specific
output multipliers [9]. One technique to account for the
economic activity produced from the different secondary
links to the fishing sector is to use output multipliers [9].

Challenges for development policy : Moving from
gender and fisheries research to policy creation and
implementation is another important barrier. Both fisheries
and development policy should take gender into

account. Over the last decade, those working on gender
and fisheries have nearly universally agreed on the
necessity for gender-disaggregated data in fisheries. The
collecting of such data might be done quickly and simply.
Governments might simply gather such data as part of
routinely performed national census surveys. Women may
be able to collect statistics on not just the number of
fisherman, but also their gender and the various
fishing-related roles as fishing cooperatives become
increasingly inclusive of women i.e., financing, gear
maintenance, processing, marketing, etc. Apart from
gaining universal acceptability in fisheries management,
the next difficulty is connecting women in fisheries to
global development. The link to development will be easier
to make now that the importance of women in fisheries is
widely understood. Women'’s vital and special position in
health, nutrition, population, and poverty reduction
necessitates an examination of their role in all aspects of
society. As part of a wider effort to address gender
inequities, we’ve focused on their significant, yet
under-represented role in fisheries. Unleashing the
potential of women as full political, economic, and social
actors in all sectors would help to advance development,
raise living standards, and improve world health.

Conclusions

Women’s contributions to fisheries, both directly and
indirectly, are frequently disregarded in fisheries
management, economics, and policy. As a result of these
studies, policy decisions are made. Women’s participation
in fisheries is quantified here, with an emphasis on their
contribution to total catch and economic value-added.
This quantitative evaluation is ongoing. Their
responsibilities range from harvesting and preparing
seafood to selling and financing the industry. Women
contribute considerably to the regular availability of protein
in their families in many countries, and/or add major
economic value to fish taken and landed by men through
their influence in over-processing and marketing
operations.  Women’s  empowerment, increased
engagement in management and stewardship, and
challenges of food security and development would all
benefit from quantifying and properly acknowledging this
contribution.
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Abstract

Residence time distribution, flow pattern and friction factor of horizontal liquid full scraped surface heat exchangers
(LF-SSHEs) as influenced by mass flow rate, rotor speed, number of blades, ratio of diameter of rotating cylinder to that of inner
stationary cylinder and pressure of liquid were investigated using tap water as test fluid. A saturated sodium chloride solution
as a tracer of residence time was injected through an injector at the inlet of LF-SSHE flowing with tap water at steady state. The
samples were collected after every 15 sec at the outlet and the conductivity of collected samples were measured. Due to higher
range of Rer/Rer from 21.30 to 220.57, the flow behavior in experiments had a combined axial and Taylor vortex flow away from
transitional zone of rotational flow i.e. from vortical to turbulent. For small rotor assembly (ds/d: as 0.16) with set of 4 blades, the
friction factor varies from 0.5807 to 1.2291, however, for large rotor assembly (ds/d: as 0.52); it varies from 0.0661 to 0.1514.
This indicated that friction factor and power consumption is lower in large rotor assembly than that in small rotor assembly. With
the increase of mass flow rate, ds/d: , pressure of liquid and number of blades, the value of mean residence time (tcbar) and
variance were decreased (P= 0.01), which exhibited flow towards plug flow or uniform treatment to each molecules of feed
product. With the increase of rotor speed from 2.33 to 7.00 rps, the tehar and variance were increased, resulting in decreased in
Peclet number (P= 0.05) causing less uniform heating/cooling treatments to food particles during processing.

Key words : Taylor vortex and axial flow, axial dispersion coefficients, poiseuille flow, couette flow, taylor number, peclet

number.

Inroduction

The horizontal liquid full scraped surface heat exchangers
(LF-SSHESs) have been frequently used in the food and
chemical industry to heat or cool high viscosity and
particulate liquid products. The temperature distribution,
heat transfer characteristics and power requirements of
LF-SSHEs depend on residence time distribution, flow
pattern and friction factor. These are further being affected
by the design and geometrical configuration apart from
physical and thermal properties of fluids. It is well known
fact that the real system will neither behave exactly as
plug flow ( i.e. velocity distribution is uniform and flat
across the flow passage) nor as completely mixed flow
(i.e. the properties of medium are uniform inside the heat
exchanger including those at outlet). The flow pattern
most often deviates from these two extreme conditions
and residence time distribution (RTD) of the liquid
elements flowing through LF-SSHEs is not uniform.

This is caused partly by the differences in the
velocity along the length of different streamlines and
partly by dispersion due to vortices and pumping effect
caused by the scraper blades. With the change of flow
patterns and RTD, the friction factor also varies, which
influences the heat transfer and power requirements.
Therefore, it is of paramount importance to study these

parameters for a horizontal LF-SSHE to be used for
forewarming or preheating operation.

Previous studies on RTD in a LF-SSHE ( Blaisdell
and Zahradnik, 1959; Chen and Zahradnik, 1967; Milton
and Zahradnik, 1973, Bateson, 1971 and Trommelen and
Beek, 1971) have shown the influence of process
conditions on the RTD. Cuevas et. al. (1980) investigated
the RTD in SSHE thermal processor in ultra high
temperature range of 130°C, a step input was used and
tracer concentration was monitored by sampling the outlet
of the system at every 15 sec and measuring the
absorbance at 600 nm in a Bausch and Lamb spectronic
20 spectrophotometer. The behaviour was observed to be
somewhere between ideal laminar flow and plug flow,
probably closer to plug flow.

Regarding flow pattern with axial flow in SSHE
(Synder, 1962; Schwarz et. al., 1964; Martin and Payne,
1972; Sorour and Coney, 1979; Takeuchi and Jankowski,
1981, Gu and Fahidy, 1985) have shown the effects of
operating conditions on the onset of torroidal vortex flow
and the onset of Spiral flow. The friction factors for
Poiseuille flow, Couette flow and combined Taylor vortex
and axial flows have been studied by Simmers and Coney
(1979).

The residence time distribution study was made
using stimulus response technique and results have been
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envisaged by modeling statistically and also graphically.
The models for experimental mean residence time,
variance to show the spread of RTD, Peclet number and
friction factors have been developed in the investigation to
be used by the design programs for horizontal LF-SSHEs.

Materials and Methods

Process variables : Following independent process
paramters were considered for the RTD study of
horizontal LF-SSHE : Test fluid : Tap water

: 50, 75, 100, 150 and 200 litres/hour i.e.

: 0.01368, 0.02052, 0.0271, 0.0407 and 0.0546 kg/s
Rotor speed : 2.33, 4.00 and 7.00 rps
Number of blades : 2 and 4.

Ratio of diameter of rotating shaft to dia. of staionary
cylinder (dgs/d;): 0.16 and 0.52

Liquid pressure : 0.5 kgf/lcm® (29.4 KPa) and 1.5 kgf/cm?
(147.1 KPa) gauge

Experimental Procedure : The experimental set up
included the feed tank, rotameter, injecting device,
horizontal liquid full SSHE, sample collecting valve and
return line (Fig.-1). The RTD study was carried out at zero
heat flux and the steady state was maintained by adjusting
the back pressure needle valve and rotameter inlet valve
to achieve the desired flow rate and pressure of liquid
while keeping the scraper in rotation. After achieving the
steady state flow, the return line was taken out of balance
tank and saturated solution of sodium chloride was
injected by syringe as a tracer input at the rubber cork
equipped injection point in the inlet line of LFSSHE. Each
time 15 ml of tracer input was injected through the injected
device and its concentration was measured at the outlet
by collecting the sample in the sample bottles at time
interval of 15 sec. The conductivity of the samples (C;) was
measured with the help of a digital conductivity meter with
respect to sampling time t;. Just after the experiment, the
hold up volume at different operating conditions was
measured by suddenly stopping the pump and collecting
working fluid from bottom lowest point of liquid full SSHE.
The same amount of tracer (15 ml) was mixed with hold up
volume (V) and its conductivity ( Cbar ) was measured.

Flow rate

Theory/Calculation

Charcterization of Flow Pattern : There has been an
increasing theoretical and experimental interest in Taylor
couette flow and Taylor vortex flow combined with axial
flow in horizontal and vertical LFSSHE by Di Prima and
Swinney, 1981 and Park et. al., 1983, Astill, 1964. Martin
and Payne (1972) developed a relationship in Ta, Reay, ds,
d: and a point z, where the first discernible ripple occurs.
Ripple was reported to occur at Ta > Ta, for 0.5 < d¢/d; <

0.98 and 0.01 <L< 0.15, in which, T, and L are defined as
T, =1150 L% and L = 4z/{(di-ds) Rea. In the present
hydrodynamic study, the flow pattern of water in
isothermal condition in horizontal LFSSHE was studied
based on evaluation of critical Taylor number (Ta,) at
which first torroidal vortice was formed in combined Taylor
vortex flow depending upon the work of Martin and Payne
(1972).

When axial Reynolds number (Rey) is less than
1800, the axial flow is said to be laminar otherwise, the
axial flow is turbulent. However, the rotational flow is
vortical when Taylor number is greater than critical Taylor
number, otherwise, it is laminar. But the rotational flow is
turbulent when rotational Reynolds number (Re,) is
greater than 100,000.

Evaluation of Friction factor : The friction factors for
poiseuille flow, Couette flow and combined Taylor vortex
and axial flows were determined on the basis of following
expressions (Simmers and Coney (1979):

The friction factor for laminar fully developed axial
flow (fy) is defined as :

f1 = Tw1 /(p Uay/2) = 8(1 — ds/dy)/(Ac . Reay) (1)
where, t,1 = P° . Rea/{Ac. p. ds (d; - ds)/2}

The friction factor for coquette flow (fy), if ds/d; —> 1 is
expressed as :

fo = twe/(p UZ/2) = 2(1- d/AINV{(dg/dh).TA)}  ...(2)

In case of friction factor (f3) for combined Taylor
vortex and axial flow, Simmer and Coney (1989) showed
experimentally that t.s/tyw1 = (Ta/Tac) 0.735 and friction
factor is expressed as follows :

fa={2 (1 - dg/d )%/ Ac . d/di} (Rea/ Ta) (Ta/ Tae) 7 ...(3)

Characterization of RTD experiment : To describe the
RTD, the plug flow with axial dispersion model and tank in
series models are used with analytical and graphical
approaches as applied by Levenspiel (1974) and
Trommelen and Beek (1971). It is assumed that plug flow
with axial dispersion model existed in LFSSHE i.e. the flow
is essentially a plug flow on top of which some degree of
back mixing or intermixing in axial direction is
superimposed, which is represented by an expression
similar to Fick’s law as follows :

ac/ 80 = D% / o2 ..(4)
oc/ a0 = (DuL)é°c / 8z% — oc / oz ...(5)

Where, the dimensionless group (Dc/uL), the axial
dispersion number characterizes the RTD behaviour of
the LFSSHE. The parameter uL/D, is called as Peclet
number, z = x/L and 0 = t/tbar = tu/L. The variance in
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residence time is presented by Aris (1959) in the following
form:

62 =c?/(tbar)? = 2 (De/uL) ...(6)

where, the mean hold time tbar was defined as follows :

tbar = hold up volume/volumetric flow rate
C (0) = G; / Cbar
0 = t/tbar
Mass flow rate = Wx px0.001/3600 (7)

Where, W is mass flow rate in litre/hour and f is
density in kg/m®

To characterize the experimentally determined RTD,
software was written to calculate the experimental mean
residence time tear, Variance, dispersion coefficient, axial
dispersion number, peclet number and ratio of dispersion
coefficient over kinematic viscosity of the fluid as a non
dimensional number as follows :

tow = 2tC / 2C, (8)
o’ = (Zt’C,/ =C))- (zt,C,/ =C)? .(9)
actual mean velocity u = L/tbar ...(10)
axial dispersion coefficient, D, = 092 ul/2 ..(11)
Peclet number P, = uL/D, = 2 (thar)?/ * ...(12)

Applying tank in series model, the number of ideally
mixed tanks in series equivalent to actual heat exchanger
for particular flow condition was calculated as :

nr = (tbar)? o ..(13)

Statistical Analysis : Statistical analysis was done as per
the procedure of Snedechor and Cochran (1967). The
least square analysis was performed with analysis of
variance for two way classification without interaction
using following linear model (Harvey, 1975) :

Yijk =u+a+ bj + €ijk ...(14)

Where, i=1,2,....... p
J=1.2,........ q
K=1,2,........ N;j

Y =Kth observation in jth B class and ith A class

p=Overall mean

a=effect of the ith class
bj=effect of the jth class
ejx=random errors

Duncan’s multiple range test was used to estimate
significant difference among means at the 5 % probability
level (Duncan, 1955).

Results and discussion

Flow pattern in Liquid full horizontal SSHE in
isothermal condition : A fortran software was developed
to analyse the RTD parameters and non dimensional flow
numbers. Results revealed that the Taylor number was
much higher than the critical Taylor number (Ta,)
estimated from relationship of Martin and Payne (1972).
Ta, calculated at an interval of 0.10 meter from the inlet in
longitudinal direction was decreasing with the increase of
axial distance (z) and also with the decrease of value of
axial Reynolds number (Re,y) (Fig. 2.0 and 3.0). It was
indicated from result that the experiment had a combined
axial and Taylor vortex flow away from transitional zone of
rotational flow i.e. from vortical to turbulent. It was resulted
due to the fact that the Taylor number (7.5 x 10" to 4.6 x
10%) observed were much higher than critical Taylor
number ranging from 24184 to 125208, while the value of
Re/Rer ranged from 21.30 to 220.57. As Harrod (1990)
indicated the values of Re/Re, greater than 1.2 in vertical
LFSSHE for representing the flow closer to plug flow, the
flow in this study was not close to plug flow but closer to
transition zone related to conversion of rotational flow from
vortical to turbulent. Such a flow structure was highly
complex and the effects of flow pattern on several
engineering aspects such as axial dispersion, friction
factors and residence time distribution and thereby heat
induced changes in the manufactured products and
energy requirements are of much significance.

Back Mixing in Liquid full horizontal SSHE in
Isothermal condition : Axial dispersion coefficients
measured in RTD experiment, being the measure of back
mixing or intermixing, were correlated empirically in the
following form for water for large rotor assembly in
LF-SSHE :

De/v=0.025 (Re/Re)’** (Rey,) %
Where,
ds/di = 0.52 and B = 4
26 < Re/Re, < 153.5
171 < Reax < 726

..(15)

The correlation coefficient was 0.60 and t-test
indicated that Re/Re,. and Rey significantly regressed at
P= 0.01 to ratio of axial dispersion coefficient and
kinematic viscosity (D¢/). However, for small rotor
assembly in horizontal LF-SSHE, the empirical for
back-mixing was developed as :

Do/v = 3.78 (Re/Rer) ™ (Reay) ' ..(16)
Where,

d/d; =0.16 and B =4
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21 < Re/Re, < 100
192 < Rey £ 657

The correlation coefficient was 0.50 and t-test
indicated that Reyy significantly regresses at P= 0.05 but
Re//Re. did not significantly regressed D¢/v in small rotor.
Therefore, the back mixing can be reduced or plug flow
condition can be improved by increasing the mass flow
rate or Rey easily in large rotor than small rotor as the
coefficient is less in large rotor. The radial mixing or
increase in Re/Re. reduces plug flow condition and
increases axial dispersion more significantly in large rotor
assembly. Therefore, at minimum rotor speed, the flow
pattern tends to follow plug flow pattern in comparison to
high rotor speed.

Friction factor in Liquid full horizontal SSHE in
isothermal condition : The friction factor for flow of water
in horizontal LFSSHE was correlated as follows :

f=0.379 (ds/d) """ (B)*?*'*(Re/Rer) **'*(Rea) **%...(17)
where, 0.16 < dg¢/d; < 0.52
2.10 < Re/Re, < 220.57
87.68 < Reax < 657.28
2 <B < 4

The correlation coefficient was 0.998 at P = 0.01.
The t-test of partial regression coefficients indicated that
ds/d; and Re,/Re,; regressed significantly at P = 0.001 and
Reax regressed significantly at P = 0.01, however, B did
not significantly regressed friction factor. The values of
friction factor vary from 0.05792 to 1.2291 for the range of
parameters given above. For small rotor assembly (ds/dk
as 0.16) with set of 4 blades, the friction factor varies from
0.5807 to 1.2291, however, for large rotor assembly; it
varies from 0.0661 to 0.1514. This indicated that friction
factor and power consumption is lower in large rotor
assembly than that in small rotor assembly. This is due to
fact that there is increase in annular area and back mixing
effects in small rotor assembly. Higher the flow was away
from laminar rotational flow zone lower was the friction
factor and thereby reduction in power consumption in
LFSSHE system. The exponent of ds/d; had negative
value of -1.671 which indicated that large rotor assembly
had lower friction factor than that in small rotor assembly.
Another expression for friction factor was developed in the
following Cobb Douglas form keeping the number of
blades (B) and d¢/d; as constant :

f=a (Re/Re.)”" (Rex)™ ...(18)

The constant, exponents and correlation coefficients
for the above model are presented in table-1 for different
range of variables, blade numbers and d¢/d:. b; and by
both are negative and significant at P = 0.01. Rey affects

more in decreasing the friction factor than Re,/Re,; as per
the table-1.0

Residence time distribution (RTD in Liquid full
horizontal SSHE) in isothermal condition : Least
square analysis was performed to see the effects of d¢/d;
Number of blades (B), rotor sped (N) and flow rates on
RTD characteristics at constant pressure of 147.1 KPa
gauge (Table- 2). The effects on RTD characterizing
parameters as influenced by independent variables are
summarized as follows:

Effects of variables on experimental mean residence
time : With the increase of flow rate from 0.01368 to
0.05472 kg/s, the value of ts,r Was decreased from 235 to
94 sec. (P=0.01). Duncan multiple range test (DMRT) test
indicated significant difference among all the flow rate
levels at P= 0.05. It was not significantly affected by rotor
speed (N). With the increase of rotor speed from 2.33 to
7.00 rps, the tepar Was increased from 160 to 176.3 sec. An
increase in d¢/d; from 0.16 to 0.52 decreased the tp, from
177.6 to 147.4 sec significantly (P= 0.01). Similarly, an
increase in number of blades from 2 to 4 significantly
decreased the to from 177.3 to 147.7 sec. (P= 0.01).
Table 2.0 indicated a decrease in tq, from 182 to 147 sec.
with the increase of pressure from 29.42 to 147.1 KPa
gauge and the effect was significant at P= 0.01. The
correlation developed for experimental mean residence
time (tepar) in LF-SSHE with water was :

tepar = -197.85 + 197.77 dd/d; + 462 B -27.34 N —
9162.82 M; — 477.5 (dJ/d)? — 76.68 (B)® +3.10 N? +
62314.6 M{? - 45 (dg/dy) B + 41 dg/d; N + 8.49 dg/d; M; - 4.0
B.N + 467 (B)(M) +1.4 (N) (My) ..(19)

The correlation coefficient (R®) was 0.8279. The
partial regression coefficients along with t-values are
given in table-3. Mass flow rate significantly decreased
the mean residence time at P=0.01. The interaction effect
of ds/d; and N increases the residence time at P= 0.05.

Effects of variables on variance in residence time :
Variance in residence time (¢°) was significantly reduced
by mass flow rate and pressure (P= 0.01), however, dy/d;,
rotor speed and blade number affect variance significantly
at P= 0.05. DMRT indicated significant difference from
7.00 rps with other two levels (P = 0.05). No significant
difference was indicated between 2.33 and 4.00 rps rotor
speed in regards of variance but significant difference
existed between 2.33 and 7.00 rps. With the increase of
mass flow rate from 0.01368 to 0.05473 kg/s, the variance
was decreased from 18833 to 3395 significantly (P=0.01).
DMRT indicated significant difference from 0.01368 to
0.02736 but no significant difference between two close
low levels of flow rate was indicated at P = 0.05. Lee et. al.,
1995 also observed that an increase in rotor speed
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Table-1: Intercggt and partial regression coefficients for predicting friction factor of water according to model f = a (Re/Re,)”’

(Reax)
Sl. No. Constant Exponents Range of variables Corr.
a b1 b2 d/d; B Re/Re, Reax Coeff. R*
1 1.513 -0.53** -0.09** 0.52 2 31-221 87-430 0.998**
2. 1.135 -0.06** -0.06** 0.52 4 26-154 170-726 0.997**
3. 6.738 -0.02NS -0.02NS 0.16 2 21-104 239-604 0.990**
4 10.999 -0.53** -0.09** 0.16 4 21-100 192-657 0.999**
** P = 0.01, NS : Not significant
Table-2 : Least square means of RTD characterizing parameters in horizontal LF-SSHE.
Fluid : water Pressure of liquid : 1.5 kgf/cm? (147.1 Kpa) gauge
Effects Observations (LS Means * S.E.)
Mean residence Variance, o Peclet No. (Pe) No. of ideally
time, tcpar mixed tank in
series (ny)
Overall Mean (p) 163 + 4.74 11342 + 1148 272 = 0.21 1.42 + 0.21
d/d, o " * *
0.52 147 + 6.70 10845 + 1624 3.26 = 0.43 1.64 = 0.22
0.16 178 = 6.70 11838 + 1624 219 + 043 1.20 = 0.23
No. of Blades, (B) ** * * *
2 177 + 6.70 14082 + 1624 241 + 043 1.31 + 0.22
4 148 + 6.70 8601 + 1624 3.04 + 0.43 1.53 + 0.22
Rotor speed (N), rps NS * * *
2.33 161 + 8.21° 9233 + 1989° 3.24 + 0.53° 1.72 + 0.27 2
4.00 151 + 8.21% 9387 + 1989° 2,79 + 0.53° 1.48 + 0.27 @
7.00 176 + 8.21° 15405 + 1989° 2,14 + 0.53° 1.07 + 0.27 2
Flow rate (M;), Kg/s ** * NS NS
0.0135 235 + 10.60% 20791 + 2568° 3.70 + 0.68% 2.11 +0.35°
0.0202 202 + 10.60° 15946 + 2568 2.72 + 0.68% 1.41 + 0.35°
0.0271 175 = 10.60° 10825 + 2568 2.63 + 0.68% 1.31 £0.35%
0.0407 117 = 10.60° 5399 + 2568° 2.51 + 0.68% 1.25 £0.35%
0.0546 94 + 10.60 °© 3746 + 2568 2.01 +0.68% 1.03 £0.35%
Pressure of liquid ** * * *
147.1 KPa (1.5 Kgflem?) 147+6.31 8589+1112 3.05+0.29 1.51+0.15
29.42 KPa (0.3 Kgf/cm?) 182+6.42 14207+1130 2.19+0.30 1.09+0.15

* 1 P=0.05; **: P=0.01; NS : Not significant, LS means within column with same subscripts did not differ significantly at P = 0.05 for

each effects.

significantly increased the variance regardless of particle
concentration resulting broader distribution in C(6) vs 6
curve. This is because of back mixing and channeling
which may be taken place at increasing degree with
increasing in rotor speed and decrease in flow rate beyond
the optimum. The variance as influenced by d¢/d; rotor
speed (N), blade number (B) and mass flow rate (M;) was
correlated in box Wilson model as follows :

o° = -54764.28 + 16.59 dJ/d; - 16.88 B +0.584 N —
126.81 M; — 19.88 (dy/d)? + 2.67 (B)? +0.0107 N? + 950.67
M? + 1.78 (dg/dy) B — 1.64 d¢/d; N + 58.98 (d¢/d;) .M; —
0.00247 (B).(N) + 19.71 (B)(My) +10.60 (N) (M) ...(20)

The correlation coefficient was 0.70. The t — test of
partial regression coefficients for above model is shown in
table-4.

Effects of variables on Peclet number and number of
ideally mixed tank in series : Table 2.0 indicated a
significant increase from 2.19 to 3.26 of Peclet number
when dg/d; increased from 0.16 to 0.52 and increase form
2.19 to 3.05 with the increase of pressure from 0.3 to 1.5
Kgf/em? (P=0.01). Similarly, rotor speed significantly
reduced the Peclet number from 3.24 to 2.14 (P=0.05).
Peclet number and number of ideally mixed tank in series
were not significantly affected by mass flow rate at P=0.05
but were significant at P= 0.25. Though the Peclet number
decreased from 3.70 to 2.06 with the increase of mass
flow rate but DMRT indicated no significant difference
among the flow rate on plug flow condition. Selected RTD
curves showing flow closer to plug flow as influenced by
flow rates in the form of C(&) vs & were shown in Fig. 4.0
for large rotor assembly and Fig. 5.0 for small rotor
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Table-3 : Intercept and partial regression coefficients of Box
Wilson model for experimental mean residence
time during RTD of water in horizontal LF-SSHE.

Mean residence time
tcbar = f (dsldty By N! Mf)

Coefficients

Intercept and partial t-value

regression coefficients
ao -197.85 .
a 197.77 1.15"S
a 462.09 0.06"°
as -27.34 1.43N8
ay -9162.82 4.42**
ar -477.47 1.50"
ax 76.68 0.06"°
ass 3.10 1.76"°
aus 62314.60 2.55*
an -45.02 1.97"
ass 40.58 3.43**
an 8.49 0.01M
s -4.02 1.89"°
N 466.66 1.67"
s 1.41 0.01"
R? 0.83**

No. of 60

observations

* : P =0.05 *:P =0.01; NS : Not significant

Table-4 : Intercept and partial regression Coefficients of Box
Wilson model for variance during RTD of water in
horizontal LF-SSHE.

Coefficients Variance, o* = f ( dg/di, B, N, M)

Intercept and partial t-value
regression coefficients
ao -54764.28 -
a 16.59 0.20"
a -16.88 0.04"S
as 0.58 0.00M
a, -126.81 2.48**
ai -19.88 0.12"
az 2.67 0.04NS
ass 0.011 0.97"
au 950.67 1.87*
a 1.78 1.83%
ars -1.64 2.84**
a 58.98 0.59"
a o3 -0.00 2.37
a o 19.71 1.85"S
a s 10.60 151
R? 0.70**
No. of 60
observations

* : P =0.05 " : P =0.01; NS : Not significant

assembly. In large rotor assembly for four blade, and liquid
pressure of 147.1 KPa, the RTD curve is narrower or flow
is closer to plug flow at 0.02736 (i.e. 100 It/hr) flow rate of
water for 2.33 rps and then followed by 4.00 and 7.00 rps.
For flow rate lower and higher than this, the flow is more

away from plug flow characteristics. In small rotor
assembly for four blade, and liquid pressure of 147.1 Kpa,
the RTD curve is narrower or flow is closer to plug flow at
0.02052 (i.e. 75 It / hr) flow rate of water for 2.33 rps and
then followed by 4.00 and 7.00 rps. For flow rate lower and
higher than this, the flow is more away from plug flow
characteristics. This indicated that there exists an
optimum condition of mass flow rate beyond which, the
flow tends to mixed flow condition.

Conclusions

It was indicated from the experiments that the flow pattern
in horizontal liquid full SSHEs is a combined axial and
Taylor vortex flow away from transitional zone of laminar
to Vortical flow as the value of Re,/Re, ranged from 21.30
to 220.57. The back mixing can be reduced or plug flow
condition can be improved by increasing the mass flow
rate or Re,x easily in large rotor (i.e. d/d; = 0.52) than
small rotor as the coefficient is less in large rotor. The
radial mixing or increase in Re/Re, reduces plug flow
condition and increases axial dispersion more significantly
in large rotor assembly. The results indicated the higher
influence of rotor speed, d¢/d;, and number of blades than
mass flow rates on Peclet number. Least square means of
Peclet number were slightly decreased with the increase
of flow rate and had no significance at P= 0.05. At lower
speed of rotor (2.33 — 4.00 rps), low flow rates of 75-100
Itrs / hr (i.e. 0.02052 — 0.0271 kg/s), blades number as four
and high pressure of 1.5 kgf/cm? gauge, the plug flow was
achieved with greater values of Peclet number for large
rotor assembly (ds/d; =0.52) for water in horizontal
LF-SSHEs. The results indicated that friction factor and
power consumption is lower in large rotor assembly than
that in small rotor assembly. This is due to fact that there is
increase in annular area and back mixing effects in small
rotor assembly. The models developed for mean
residence time, variance, D¢/l and friction factor will be
useful in analyzing the RTD behaviour under some
operating parameters using computer softwares.
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Nomenclature
A.=Cross sectional area of flow, m?
B=Number of Blades in rotor

di=Inside diameter shell in

LF-SSHE, m

of static cylinder
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ds=Outside diameter of rotating shaft in Lf-SSHE, m
D.=Axial dispersion coefficients, m*/s

f=friction factor in Lf-SSHE

L=Effective length of LF-SSHE

Mi=Feed rate of test fluid, kg/s

nr=Number of ideally mixed tank in series
N=Number of Blades in rotor

tbar=Mean residence time calculated from

volumetric hold-up of test fluid
tcbar=Mean residence time = Xt,C,/ =C,
Reax=Axial Reynolds Number, u(d; — ds) p/p
Re,=Rotational Reynolds number, Nd p / pia
Re.=critical rotational Reynolds Number,
V {2Ta(dede)d }/{r(dy — de)’ds?}
Ta=Taylor Number, {r Re*(d; — ds)’ds’]/[2(di+ds)d*]

Ta., Ta, = Critical Taylor Number
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Abstract

Rice is the foremost food crop among cereals and it is the staple food crop providing high calories for the people of South and
South East Asia. To maintain the same level of self-sufficiency, the rice production should be increased to sixty percent by the
year 2020. (Daniel, 2000). Hence urgent need to enhance the rice production both at national and global levels. This can be
achieved by maximizing yield in low and medium productivity areas or by the exploration of new methods and development of
hybrids with superior adaptability and yield. Yield and its attributing characters were studied among 40 genotypes. Among the
parents, IR 28 and Pusa 3A (L3) were found to be good general combiners for grain yield per plant and its related characters.
The cross IR 58025 x ASD 16 exhibited higher per se performance for most of the characters studied, whereas IR 58025 x ASD
19 recorded highest mean values for panicle length and grain yield. All the ten characters revealed higher sea effects for all the
crosses indicating the predominance of non- additive gene action.

Key words : General combining ability, specific combining ability, rice.

Introduction

Rice (Oryza sativa L. 2n=24) is the staple food crop
providing 35-99 per cent of the total calorie intake of
people in South and South-East Asia. In India rice is grown
in 43.86 million ha, the production level is 104.80 million
tonnes and the productivity is about 2390 kg/ha
(Agricultural Statistics at a glance-2020). The area under
rice crop was 30.81 million/ha in 1950-51 which has
increased to 43.86 million/ha during 2020-21 which is 142
per cent higher. Increase in the genetic yield level became
a quiet challenging task as the yield of high yielding
varieties, have reached to a yield plateau under tropical
conditions (Cassman et al., 1995).

Combining ability analysis helps in the evaluation of
lines in terms of their genetic value and the selection of
suitable parents for hybridization. It also helps in the
identification of superior cross combinations. The Line x
Tester analysis (Kempthorne, 1957) provides information
about general combining ability (gca) of parents and
specific combining ability (sca) effects of crosses and is
helpful in estimating various types of gene actions.

Materials and Methods

The present investigation was carried out at the Plant
Breeding Farm, Department of Genetics and Plant
Breeding, Faculty of Agriculture, Annamalai University,
Annamalai nagar, during the period of 2020-2021. The
material consisted of 40 genotypes of rice, including three
cytoplasmic male sterile/ maintainer lines.

The experiment was raised in Randomized Block
Design, during September 2020-January 2021.

Observations were recorded on ten randomly selected
plants for each replication. Total of seventeen characters
such as days to first flower, plant height, productive tillers
per plant, panicle length, grains per panicle, 1000 grain
weight, grain yield per plant, grain length, grain breadth,
grain L/B ratio, kernel length, kernel breadth, kernel L/B
ratio, milling recovery, head rice recovery, amylase
content, alkali spreading value.

The mean values were compared for each genotype
over two replications for each cross. The variances and
the corresponding standard errors of the mean were
computed from the deviations of the individual values
(Panse and Sukhame, 1964). The procedure outlined by
Kempthrone (1957) was followed for the Line x Tester
analysis. The gea and sea effects were estimated using
the following method

Xijk = p + i + g + § + &

Where,

p = Population mean

g = gca effect of the i" line

g = sca effect of the |" tester

§j = sca effect of ij" hybrid combination
& = error associated with ijkt observation
i = number of lines

j number of testers

k = number of replications

Result and Discussion

The ANOVA showed significant differences among
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Table-1 : ANOVA of combining ability variance for ten yield and grain quality characters.
Source Days to Plant Productive Panicle Number of 1000 Grain Grain Grain  Grain LIB
first flower height tillers per length grams per grain yield per length breadth ratio
plant panicle weight plant
GCA 1.67 0.01 0.25 0.07 4.46 -0.0005 0.41 0.00 0.0012 0.0004
SCA 59.82 -19.05 417 0.71 156.84 1.97 29.60 0.02 0.0178 0.0142
GCA/SCA 0.027 0.0005 0.059 0.098 0.028 0.002 0.013 0.00 0.064 0.028
Table-2 : General combining ability effects of the parents.
Parents Days to first Plant height No. of Panicle No. of 1000 grain Grain Yield
flowering productive length grains/ weight / plant
tillers/plant panicle
L1 7.22 -0.26 0.06 0.83** 9.57** 0.51** 2,77
L2 -1.88** -3.20** -1.94* -0.97** -0.73 -0.63** -3.58
L3 -5.33** 3.40** 1.88** 0.14 -8.83 0.12 0.87*
L1 -1.38 2.03* 2.68* 0.34 7.27* 0.09 5.92**
T2 -2.22¢ 2.02* -1.37* 1.19* -6.57** -0.37 2.67**
T3 4.62** 0.20 1.94* 1.22** 1.93* 0.52 1.85**
T4 5.12** -8.13** -2.27* -1.72* -3.73** 0.24 -4.24**
T5 3.12** -4.99** 1.58** -0.66** -2.07** -0.28 -1.77*
T6 3.28** 0.87 0.36 -0.66** 6.93** -0.70* -2.09**
T7 -6.22** -8.30 -2.83** -0.19 -13.90** -1.02** -2.09**
T8 -9.88** 8.37* 2147 -1.34* -10.07** 1.63** -2.34**
T9 4.78** 5.70 1.78* 0.84** 17.77** 0.16 5.01**
T10 -1.22* 2.03 0.33 0.98** 2.43* -0.27 -2.92**

phenotypes, for all the ten traits viz, days to first flower,
plant height, productive tillers. per plant, panicle length,
number of grain per panicle, 1000 grain weight, grain yield
per plant, grain length, grain breadth, grain L/B ratio. The
greater magnitude of SCA variance than GCA variance
indicated the role of non additive genes. The magnitude of
additive variance was much greater than dominance
variance for all the characters both when F= 0 and F-1
there by indicating the predominant role of additive gene
action in the expression of the characters

The mean performance of three lines, ten testers
and thirty hybrids for Days to first flower was 72.00 days
(L4) and among testers (78.00) days), plant height ranged
from 84.00 (L,) to 96.00 cm (L) and Tg (62.00 cm) was
significant. The number of productive tillers ranged from
16.62 (Tg) to 33.03 (T4). The tester T registered the
maximum panicle length of 26.33 cm. For filled grains per
panicle the parents L3 (149.50) exhibit significant positive
value over the parental mean of 131.69. For 1000 grain
weight, the mean values ranged from 18.09 g (L,) to 27.02
g (Ts). Positive and significant values for grain yield per
plant was higher than the hybrid mean (36.57 g) were
observed in L3 (38.41 g), T5 (44.98 g). T10(40.92 g) and T,
(46.52 g). The mean performance for grain length ranged
from 8.00 mm to 8.15 mm. For grain breadth the mean
ranged from 2.45 mm (L,) to 3.07 mm (L;). The mean
performance for grain L/B ratio ranged from 2.71 (L,) to
3.25 (La).

The gca effects of the lines for days to first flower
ranged from -5.33 (L) to 7.22 (L,), for testers, the range
was from -9.88 (Tg) to 5.12 (T,). For plant height it ranged
from -3.20 (L) to 3.40 (Lj) gca effects for testers ranged
from -8.30 (T-) to 8.37 (Ts). Productive tillers per plant the
lines L (1.88) had the maximum significant and positive
gca effect while testers T1, T3, T5, and T9, had positive
and significant gca effects. The highest sca effect was
noticed in the cross L2 x T8, significant and positive
effects were observed in only four out of thirty
combinations. Among the lines, for panicle length the
range of gca effects varied from -0.97 (L2) to 0.83 (L1),in
testers was from -1.72 (T4) to 1.22 (T3). The highest sca
effects were noticed in the crosses L2 x T8 (1.76) and L3 x
T7 (1.19). For filled grains per panicle the line Li exhibited
significant gea effect while testers T1, T3, T6, T9 and T10
had significant and positive gca effects. Eleven out of
thirty hybrids exhibited significant and positive sca effects.
In 1000 grain weight the lines had a range of -0.63 (L2) to
0.51 (L1) and significantly positive sca effect was
observed in the line Li only. The gca effects of testers
varied from -1.02 (T7) to 1.63 (T5). Grain yield per plant
has the highest gca effect in L1 (2.77) while L2 recorded
lowest value (-3.58). All the testers showed significant gca
effects while T4, T5, T6, T7, Ts and T10 exhibited
significantly negative gca effects. The gca effect of lines
for grain length ranged from -0.10 (L2) to 0.14 (L3) and for
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Table-3 : Specific combining ability effects of the hybrids.

Frontiers in Crop Improvement 10 (Special Issue-l) July 2022

Parents Days to Plant height No.of Panicle No. of 1000 grain Grain Yield
first productive length grains/ weight / plant
flowering tillers/ plant panicle

L1XTH1 -1.72 -2.13 2.24** -0.11 2.93* -0.23 0.13
L1XT2 -5.88** -3.80** -1.24* -0.38 -3.73* -0.28 -0.13
L1XT3 4.28** 2.20 0.13 -0.11 -1.73 0.27 3.72
L1XT4 5.78** -1.47 -0.04 -0.31 -2.07 -0.03 -1.30
L1XT5 -1.22 -0.13 -0.59 -0.47 0.27 -0.41 1.51
L1XT6 9.22** -2.47* 1.67* 0.61 -9.73** 1.88** -0.46
L1XT7 1.12 13.70** 0.67 0.63 21.60** -1.17 -0.57
L1XT8 -16.22** 0.53 -3.06** -0.71* -15.73** 0.03 -6.41**
L1XT9 5.12* -5.30* 0.60 0.58 4.93** 1.30** 2.41*
L1XT10 -0.38 -1.13 -0.33 0.29 3.27** -1.37* 1.10
L2XT1 1.88 -1.13 1.15 0.53 -0.27 -0.07 -0.08
L2XT2 3.72* -1.80 0.40 0.23 -2.93* -0.15 -0.64
L2XT3 -3.62* -3.80** -1.11 -0.16 2.57* -0.94* 4.58*
L2XT4 -2.62 -4.47* 0.22 0.09 -1.27 0.06 1.09
L2XT5 1.38 -0.63 -0.06 0.36 1.07 -0.11 0.96
L2XT6 -5.28** 4.03** -3.30** -0.87* 1.07 -1.87* -5.16**
L2XT7 -6.78** 16.20 -0.75 -1.82** -15.60** 2.56** -6.71**
L2XT8 17.88** -6.97* 4.97* 1.76** 32.57* -0.66 12.30**
L2XT9 -10.28™* 3.20™ -1.90** 0.60 -9.77* -1.86** 5.79**
L2X10 3.72* -4.63** 0.38 -0.71* -7.43** 3.02** -0.55
L3XT1 -0.17 3.27* -3.38** -0.41 -2.67* 0.29 -0.05
L3XT2 217 5.60* 0.84 0.15 6.67** 0.42 0.77
L3XT3 -0.67 1.60 0.98 0.28 -0.83 0.67 -8.31**
L3XT4 -3.17* 5.93* -0.12* 0.23 3.33* -0.03 0.21
L3XT5 -0.17 0.77 0.65 0.11 -1.33 0.52 -2.46**
L3XT6 -3.83* -1.57 1.63* 0.27 8.67** -0.02 5.62**
L3XT7 5.67** -29.92* 0.07 1.19** -6.00** -1.39** 7.27**
L3XT8 -1.67 6.43* -1.90** -1.04* -16.83** 0.63 -5.88**
L3XT9 5.77** 2.10 1.29 -1.18** 4.83** 0.56 23.38*
L3XT10 -3.33* 5.77* -0.06 0.41 417 -1.65** -0.55

testers the range was from -0.19 (T5) to 0.17 (T2),
whereas five hybrids recorded sca effects.

The gca effects of lines for grain breadth varied from
-0.12 (L2) to 0.14 (L3). L2 and L3 exhibited significant gca
effects. The gca effects of testers ranged from -0.28 (T7)
to 0.18 (T9). The gca effects of lines varied for grain L/B
ratio varied from -0.12 (L3) to 0.09 (L). L, showed positive
significant gca effect and L3 showed negative significant
gca effects. The sca effects for this trait varied from -0.33
(L3 x T6) to 0.22 ( LI X T8).

Good general combiner for various traits were also
been reported by Chakraborty et al. (2009), Waghmode et
al. (2011), Utharasu and Anandakumar (2013) and Kolom
et al,. (2014) and S. C. Gosh et al., (2020)

The gene action is decided by the ratio of GCA and
SCA variance. The ratio of GCA and SCA were less than
unity revealed the predominance of dominance gene
action for all the drought tolerant and yield attributing
traits. This result is in accordance with the earlier findings
of Suresh et al. (2013) for grain yield and productive tillers

per plant, Utharasu and Anandkumar (2013) for dry root
weight and root/shoot ratio, Yogameenkshi and
Vivekanandan (2015) for productive tillers per plant,
panicle length, filled grains per panicle and 100 grain
weight, Sathya and Jebaraj (2013) for drought and related
character, Karpagam et al. (2016) for 70 % relative water
content, dry root weight, root length, root thickness, root
volume and root/shoot ratio.
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Abstract

An experiment was conducted at Poultry Farm, Department of Animal Production, Rajasthan College of Agriculture, MPUAT
Udaipur (Rajasthan) to find out the Effect of supplementation of Moringa Leaf Powder on growth and production performance of
Pratapdhan chicken under organic management system. Three hundred sixty Pratapdhan chicks of 4 weeks were utilized for a
period of 22 weeks (12 week for growth and 10 week for egg production). The chicks were wing banded and distributed
randomly in six treatment groups, consisting of 60 chicks in each treatment group with three replication of 20 birds each. Six
treatment compared were, T+: Control (conventional feed), T»: Feed of organic origin, Ts: Feed of organic origin + 2.5% Moringa
Leaf Powder, T4: Feed of organic origin + 5% Moringa Leaf Powder, Ts: Feed of organic origin + 7.5% Moringa Leaf Powder, Te:
Feed of organic origin + 10% Moringa Leaf Powder. Experiment results revealed that, supplementation of various levels of MLP
supplemented diets had comparable body weight gain and feed conversion ratio (FCR) during 16tweek, whereas MLP 2.5 and
5% diets have improved the body weight gain and FCR (P<0.05) with an enhanced overall (P<0.05) growth performance. The
dry matter digestibility coefficient, ether extract digestibility coefficient, crude protein digestibility coefficient, crude fiber
digestibility coefficient and NFE digestibility coefficient was significantly higher in the birds fed 5% Moringa Leaf Powder
included diets as compared to the control and 10% MLP during growth period. The data revealed that all parameters of carcass
traits in different treatments were significantly different except organ weight which was found to be non-significant. However,
the live weight, dressed weight, eviscerated weight and dressing weight (%) of supplemented diet fed 5% (T4) MLP birds was
significantly higher (P<0.05) than control.

Key words : Nutrition, moringa oelifera leaf powder, digestibility coefficient, crude protein, organic management, pratapdhan

chicken

Introduction

India has largest livestock population in the world. The
livestock plays vital role in the economy of Indian
farmers. In the 20"Livestock Census, the total poultry
population in India is 851.81 million, which is 16.8 per cent
higher than the numbers in the 19" Livestock Census.The
total backyard poultry in the country is 317.07 million in
2019, increased by 45.8 per cent over previous Census.

In Rajasthan total poultry population is 14.6 million
(20"Mivestock census). Which about 2 per cent of
India.Rajasthan ranks 17" in poultry population in India.
Out of total poultry population, 37.8 per cent is under
backyard production system in Rajasthan. However, the
southern Rajasthan has about 16.30per cent of total
poultry of Rajasthan and it also has 41.20per cent of total
poultry of Rajasthan under backyard system.

According to FAOSTAT production data (2020),
India ranks 3" in egg production and 8"in meat production
in the world. Egg production in the country has increased
from 78.48 billion in 2014-15 to 122.11 billion in 2020-21.
The per capita availability of egg was 91 eggs in 2020-21.
Meat production in the country has increased from 6.69

million tonnes in 2014-15 to 8.80 million tonnes in
2020-21 (Economic Survey, 2021-22). The agriculture
sector has experienced buoyant growth in the past two
years. The sector, which is the largest employer of
workforce, accounted for a sizeable 18.80 per cent (2021-
22) in Gross Value Added (GVA) of the country registering
a growth of 3.60 per cent in 2020-21 and 3.90 per cent in
2021-22. Growth in allied sectors including livestock,
dairying and fisheries has been the major drivers of
overall growth in the sector. The livestock sector has
grown at a CAGR (compound annual growth rate)of 8.15
per cent over the last five years ending 2019-20.
Livestock sector contributed 4.35 per cent of total GVA in
2019-20 (Economic Survey, 2021-22).

Research Methodology

The present research entitled “Effect of supplementation
of Moringa Leaf Powder in Nutrient utilization on
Pratapdhan chicken under organic management system”
was conducted for a period of 22 weeks (12 week for
growth and 10 week for egg production). Nutrient
utilization metabolic trial was conducted at 16and at
28"week age. From each treatment the 6 birds were
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randomly selected and shifted in cage. The birds were
individually fed with experimental treatment diet. The birds
were given adaptation period of 6 days followed by 3 days
collection of excreta voided. During the collection period
quantity of feed offered, feed left over and excreta voided
were recorded and taken for determination of nutrient
utilization. The quantity of excreta voided by individual
treatment bird was collected and weighed quantitatively
after every 24 hours at 8:00 a.m. Representative feed
samples were collected for proximate analysis. Similarly
aliquot of faecal sample were also processed for nutrient
analysis. The proximate principle in the feed and faeces
were analysed as per AOAC, 20083.

The digestibility of nutrients was calculated using
following formula.

Digestibility percentage

_ Nutrient in feed — Nutrient in faeces
Nutrient in feed

x 100

To estimate GE balance, the gross energy of the
dried and ground sample of feed ingredients and excreta
were determined using adiabatic bomb calorimeter. The
GE balance was calculated by following formula

GE balance = GE in feed — GE in faeces

Results and Discussion

A metabolic trial was conducted at 16" week of age for
one week with three days collection period to study the
digestibility and balance of energy and nitrogen. The data
pertaining to the nutrient utilization during metabolic trial is
presented in Table-1.

The dry matter intake (DMI) of Pratapdhan chickens
was 70.20+3.14, 72.76+4.50, 77.80+1.09, 80.99+0.67,
74.64+4.23 and 66.20+0.64g in T4, Ty, T3, T4, Ts and Tg,
respectively. Significantly (p<0.05) higher DMI was found
in T, as compared to rest of the treatment groups expect
T,, T3 and Ts. Significantly lowest DMI was found in T as
compared to rest of the treatment groups. The digestible
DMI was 63.51+1.12, 58.20+4.20, 58.45+2.00,
54.29+4.59, 51.95+3.04, and 47.66+0.90 g in Ty, Ty, Tg,
T4, Ts and Te, respectively. The lowest digestible DMI was
observed in Tg as compared to rest of the treatment
groups. The difference between T4, Ty, T3, T4 and Ts was
found non-significant.

The digestibility coefficient of dry matter (DM) was
78.40+0.76, 77.86+1.75, 75.09+1.35, 74.42+1.68,
73.93+1.88, and 72.00+1.18in T1, T2, T3, T4, T5 and Te,
respectively. The digestibility coefficient of dry matter was
significantly (p<0.05)higher in Ty as compared to rest of
the treatment groups except T,, T3 and T,4. Significantly
lowest digestibility coefficient of DM was found in Tg as

compared to rest of the treatment groups except Ts, T4
and Ts.

The crude protein intake (CPI) was 14.87+0.66,
15.73+0.97, 16.67+0.28, 17.13+0.14, 16.06+0.91 and
14.50+0.14 gin T4, Ty, T3, T4, Ts and Tg, respectively. The
CPI was significantly higher in T4as compared to rest of
the treatment groups except T, and Ts. Significantly
lowest crude protein intake was found in Ty and Ts as
compared to rest of the treatment groups except Tp, T3
and Ts.The digestible CPI was 11.11+£0.54, 11.24+0.91,
12.87+0.58, 13.93+0.27, 11.92+0.72and 11.51+0.27g in
T4, To, Ta, Ts, Ts and Te,respectively. The digestible CPI
was significantly higher T,as compared to rest the
treatment groups except Ts. The difference between T;,
T, T3, Tsand Tgas well as between T3 and T4 was found
non-significant.

The crude protein (CP) digestibility coefficient was
74.67+0.32, 71.28+1.34, 77.15+2.79, 81.29+1.11,
74.17+0.30 and 79.41£1.24 in Ty, Ty, Ts, T4, Ts and
Te,respectively. The CP digestibility coefficient was
significantly (p<0.05)higher in T3, T4and Teand lowest in T,
as compared to rest of the treatment groups.The
difference between T3, T, and T as well as difference
between T; and Tswas found non-significant.

The crude fiber (CF) intake was 2.33+0.10,
2.42+0.15, 2.58+0.04, 2.69+0.02, 2.48+0.14 and
2.20+0.02g in Ty, Ty, T3, T4, Ts and Te,respectively. The
CF intake was significantly higher in T,as compared to
rest of the treatment groups except T,, T; and Ts.
Significantly lowest crude fibre intake was found in Ts as
compared to rest of the treatment groups except Ty, T»
and Ts.The digestible CF intake was 1.59+0.10,
1.67+£0.15, 1.79+0.08, 1.99+0.04, 1.83+0.14 and
1.45+0.04g in Ty, T, T3, T4, Ts and Tg,respectively. The
digestible CF intake was significantly higher in T, as
compared to rest of the treatment groups except T; and
Ts. Significantly lowest digestible CF intake was found Tg
as compared to rest of the treatment groups except T,
and To.

The digestibility coefficient of crude fiber was
68.28+1.83, 68.82+2.07, 69.42+1.83, 73.91+1.0,
73.55+2.33 and 65.85+1.66 in Ty, T,, T3, T4, Ts and
Te,respectively. The digestibility coefficient of crude fiber
was higher in T, and Ts followed by T4, T, and T,. Lowest
value was found in Tg. The difference between T, and Ts
as well as difference between T4, T, and Tswas found
non-significant.

The ether extract (EE) intake was 1.61+0.07,
1.67+£0.10, 1.79+0.03, 1.86+0.02, 1.72+0.10 and
1.52+0.0g in T4, To, T3, T4, Ts and Te,respectively. The
ether extract intake was significantly highest in T, as
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Table-1 : Effect of Moringa Leaf Powder on digestibility during growth of Pratapdhan chicken.

T, T, T, T, Ts T SEmz
DM intake 70.20£3.14% 72.76+4.50%° 77.80£1.09% 80.99+0.67° 74.64+4.23% 66.20+0.64° 0.45
Digestible DMI 63.51£1.12° 58.20+4.20° 58.45+2.00° 54.29+4 59° 51.95+3.04° 47.66£0.90° 1.32
DM digestibility coefficient 78.400.76° 77.86+1.75% 75.00:1.35%°  74.42+¢168%°  73.93:1.88™ 72.00+1.18° 042
CP intake 14.87+0.66" 15.73£0.97° 16.67+0.28" 17.13:0.14° 16.06£0.91° 14.50£0.14° 0.15
Digestible CPI 11.11:0.54° 11.24+0.91° 12.87+0.58% 13.93£0.27° 11.9240.72° 11.51£0.27° 0.10
CP digestibility coefficient 74.67+0.32° 71.28+1.34° 77.15:2.79° 81.29+1.11° 74.170.30° 79.411.24°  0.09
Crude fiber intake 2.33:0.10% 2.42+0.15%° 2.58+0.04% 2.690.02° 2.48+0.14%° 2.20+0.02° 0.03
Digestible Crude Fiber 1.59+0.10% 1.67£0.15™ 1.79£0.08° 1.99:+0.04% 1.83£0.14% 1.4510.04° 0.01
CF digestibility coefficient 68.28+1.83° 68.82+2.07° 69.42+1.83° 73.91£1.0° 73.55+2.33° 65.85+1.66° 0.05
EE intake 1.61£0.07" 1.6740.10%° 1.79£0.03% 1.86£0.02° 1.7240.10%° 1.52£0.0° 0.09
Digestible EE 1.26£0.07" 1.3120.11% 1.41£0.05% 1.52+0.03° 1.40£0.10° 1.16£0.02° 0.09
EE digestibility coefficient 77.70+1.28% 78.07+1.46% 78.49+1.29% 81.65+0.73° 81.40+1.64° 75.98+1.17° 1.82
NFE Intake 47.30+2.11%° 49.02+3.03%° 52.42+0.87° 54.57+0.45% 50.20+2.85%°  4460:0.43° 061
Digestible NFE Intake 31.98+2.07" 33.49+3.12" 36.03+1.57% 39.99+0.89° 36.73+2.89% 29.00:0.80° 065
NFE digestibility coefficient 57 51.1.87% 68.05+2.12° 68.67+1.88° 73.27+1.06° 72.90+2.39° 65.01+1.71° 078
GE intake (Kcal/bird/day) 20465:17.37c  232.82:24.96"° 04804710 25016:372°  238.84:23.44%°  211.83:358  13.13
GE balance (Kcalbird/day)  130.14+17.30°  137.04+25.82%°  147.86:14.68°  169.27:8.45°  155.20:24.61°  115.60:8.29°  14.63
N Intake 2.38+0.09 2.52+0.14 2.67+0.09 2.74+0.04 2.57+0.12 2.32+0.04 0.01
N balance 1.78+0.09™ 1.800.14™ 2.06+0.09" 2.23+0.04" 1.910.1™ 1.8420.04° 0.01

Means with the same superscript in a particular row do not differ significantly (p<0.05) from each other.

Fig.-1 :

compared rest of the treatment groups except T,, T3 and
Ts. Significantly lowest ether extract intake was found in
T as compared to rest of the treatment groups except Ty,
T.and Ts. The digestible ether intake was 1.26+0.07,
1.31£0.11, 1.41+£0.05, 1.52+0.03, 1.40+0.10and
1.16+0.02g in T4, Ty, T3, T4, Ts and Tg, respectively. The
digestible etherextract intake was significantly higher in
T,as compared rest of the treatment groups except T3 and
Ts. Significantly lowest digestible ether extract intake was
found in T as compared to rest of the treatment groups
except Ty and T,.

Digestibility coefficient during growth of Pratapdhan chicks.

The digestibility coefficient of ether was 77.70+1.28,
78.07+1.46, 78.49+1.29, 81.65+0.73, 81.40+1.64 and
75.98+1.17 in Ty, T, T3, T4, Ts and Te,respectively.
Digestibility coefficient of ether extract was higher in T,
and Tsas compared rest of the treatment groups except
T4, To and T,. Significantly lowest Digestibility coefficient
of ether extract was found in Tg as compared to rest of the
treatment groups except T4, T, and Ts.

The nitrogen free extract (NFE)
47.30£2.11, 49.02+3.03, 52.42+0.87,

intake was
54.57+0.45,
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50.29+2.85 and 44.60+0.43g in T4, Ta, T3, T4, Ts and Tg,
respectively. The NFE intake was significantly higher in
T,as compared rest of the treatment groups except T4, To,
T; and Ts. Significantly lowest NFE intake was found in Tg
as compared to rest of the treatment groups except T4, Tz
and Ts.The digestible NFE intake was 31.98+2.07,
33.49+3.12, 36.03+1.57, 39.99+0.8, 36.73+2.89 and
29.00+0.80g in Ty, Ty, T3, T4, Ts and T, respectively. The
digestible NFE intake was significantly higher in T, as
compared to rest of the treatment groups except T; and
Ts. Significantly lowest digestible NFE was found in T as
compared to rest of the treatment groups except T and
T2.

The digestibility coefficient of NFE was 67.51+1.87,
68.05+2.12, 68.67+1.88, 73.27+1.06, 72.90+2.39 and
65.01+£1.71 in Ty, Ty, T3, T4, Ts and Te, respectively. The
digestibility coefficient of NFE was significantly lowest in
Ts as compared to rest of the treatment group except T.
The digestibility coefficient of NFE was found significantly
highest in T4 and T5. The difference between T,and Ts as
well as between T4, T, and Tz and between T, and Tewas
found non-significant.

The gross energy (GE) intake was 224.65+17.37,
232.82+24.96, 248.94+7.12, 259.16+3.72, 238.84+23.44
and 211.83+3.53 Kcal/bird/day in Ty, T, Ts, T4, Ts and Tg,
respectively. The GE intake was significantly higher in
T,as compared rest of the treatment groups except T,
Tsand Ts. Significantly lowest GE intake was found in T,
andTg as compared to rest of the treatment groups except
T1, Tgand T5.

The gross energy (GE) balance was 130.14+17.30,
137.04+25.82, 147.86+14.68, 169.27+8.45,
155.20+24.61 and 115.60+8.29 Kcal/bird/dayin T4, To, Ts,
T4, Ts and Ts, respectively. The GE balance was
significantly higher in T4 as compared rest of the treatment
groups except Tzand Ts. Significantly lowest GE balance
was found in Tg as compared to rest of the treatment
groups except Ty and T,.

The nitrogen intake was 2.38+0.09, 2.52+0.14,
2.67+0.09, 2.74+0.04, 2.57+0.12and 2.32+0.04 gin Ty, Ta,
Ts, Ts4, Ts and Tg, respectively. The difference in nitrogen
intake in different treatment groups was non-significant.
All the birds in different treatment groups were in positive
nitrogen balance. The nitrogen balance was 1.78+0.09,
1.80+0.14, 2.06+0.09, 2.23+0.04, 1.91+0.1and
1.84+0.04g in T4, Ty, T3, T4, Ts and Tg, respectively. The
difference in nitrogen balance in different treatments was
non-significant.

Discussion on Nutrient utilization : The result of
nutrient utilization obtained are discussed under the
following subs-heads.

Nutrient digestibility : The digestibility coefficient of DM
was significantly higher in T1 as compared to other dietary
treatments except T,.The digestibility coefficient of dry
matter was 8.89, 8.13, 4.29, 3.36 and 2.68 per cent higher
in Ty, T, T3, T4 and Ts as compared to Te. The crude
protein intake was sign