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ABSTRACT

A field experiment was conducted during Kharif season at the Research Farm, Department of Agronomy, JNKVV,
Jabalpur (M.P) and treatments comprised of twelve tillage and drainage methods in soybean (genotype JS 97-52). The
result shows that the treatment T1 (Indian No till + open drainage channel + sub-soiler) recorded the maximum
chlorophyll content index (24.49).Treatment T11 (Conventional tillage + ridge and furrow) recorded significantly highest
photosynthetic rate (58.08 µmol/m2/s-1), carboxylation efficiency (0.05 µ/mol m-2/s-1 (µmol/mol-1), quantum efficiency
(0.604) and mesophyll efficiency (676.476 µmol/mol-1 (mol/m-2/s-1)-1. T10 (Conventional tillage + Modified ridge and
furrow system) recorded higher stomatal conductance (0.106 mol/m2/s) is associated with the higher transpiration rate.
Treatment T11 (Conventional tillage + ridge and furrow) possessed the highest canopy temperature (44.24) is negatively
correlated with the transpiration rate (4.71 mmol/m2/s). T12 (Conventional tillage + broad bed furrow) possessed
significant more water use efficiency (3.13 µmol/mmol) indicated better CO2 assimilation rate per unit of water
transpired. The higher carboxylation efficiency indicates the better CO2 fixation by the Rubisco enzyme, which clearly
revealed influence of tillage and drainage methods on Physiological traits in soybean.
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The soybean (Glycine max (L.) Merrill) is a member of

family leguminosae, sub-family papilionaceae. It is one of

the most important protein and oilseed crops throughout

the world. At present soybean ranks first among world in

oilseed. Its oil is the largest component of the world’s

edible oil. It is native of China and was introduced to India

in 1968, from USA. It has emerged very fast since early

eighty’s and occupied vital place in agriculture, edible oil

economy, foreign exchange and upliftment of

socio-economic status of soybean farmers. Soybean is

rained crop of kharif season. In India soybean occupies an 

area of 120.327 lakh ha with an production of 122.345 lakh 

MT in the year 2013. Madhya Pradesh is the soybean

bowl of India contributing 70 percent of country soybean

production followed by Maharashtra, Rajasthan and

Karnataka. Conventional tillage has been practiced for a

long time and it is a common practice among small holder

farmers (1).

Soybean seed contains 18-20 per cent oil, 40 per

cent protein, 30 per cent carbohydrates, 4 per cent

saponins and 5 per cent fiber. The seeds have highest

protein as compared to other legumes some genotypes

have as much as 50 per cent and its protein has a high

nutritive value especially after it has been heated to

inactive anti metabolites.

Proper tillage choices (including no-till planting) can

enhance rapid, extensive root growth and improve water

infiltration. No-tillage production of soybean is often less

successful in poorly-drained soils, in part because of

cooler and wetter soil conditions at planting. Tillage

methods have varied effects, which on one hand

conventional till though still widely practiced is being

associated with increased soil erosion, loss of soil organic 

matter and destruction of soil structure (2). On the other

hand no till is said to have beneficial effects on soil

moisture storage, soil temperature and soil carbon (4, 5).

Development of the plant type to enhance

photosynthetic efficiency is a major task of crop

physiologists. Improving crop efficiency of solar energy

utilization up to 3-5% of PAR would be a breakthrough in

increasing productivity. The photosynthetic active

radiation (PAR) was reduced significantly from full

daylight at 1 m from the tree (Juglansregia L.) row and the

diurnal variations of photosynthetic rate (Pn) of soybean

(6). The distance of drainage furrow (DF) effect on growth

of soybean and the photosynthetic rate decreased in the

more extensive field by distance of DF at V5 (vegetative

stage) and R2 (mid flowering) stages (7). The

photosynthesis is important parameter that determines

the photosynthetic capability and status of a photo-

synthetic organ and AQY reflects the potential photo-

chemical activity of PSII (8). 

Soil moisture stress is a primary limiting factor in

crop production as it affects many physiological and

biochemical processes of the plants (9). In no-tillage

soybean the yield was reduced by 41-73% and water use

efficiency by 36-73% (10). The permanent raised beds

are effective in increasing water use efficiency and

reducing compaction of the cropping zone (11). The effect 

of tillage and raised bed planting on yield, water use

efficiency (WUE) and profitability. Soybean planted on
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raised beds recorded about 17% and 23% higher WUE,

respectively, than in flat layout (Hari et al., 2013).Soybean 

genotypes planted in fields with different soil types and

drainage systems respond differently for physiological

traits and productivity. 

Soybean needs good surface drainage. Field

surface smoothing and forming can improve the surface

drainage of a field. Drain furrows are commonly used to

improve a field’s surface drainage. Furrows are shallow

and narrow and can be constructed with several different

types of equipment’s.Tillage and drainage methods may

have a high impact on the morpho-physiological traits

influencing productivity. Though a few physiological traits

have been carried out to evaluate the performance of

soybean under various tillage and drainage methods.

MATERIALS AND METHODS

The experiment was conducted at Research Farm,

Department of Agronomy, J.N.K.V.V., Jabalpur (M.P.)

during Kharif season. The experiment was lead out in a

randomized block design (RBD) replicated thrice. 

Pre sowing operations and sampling : The field was

prepared by tilling the land with tractor drawn cultivator

followed by two harrowing with disc harrow to develop fine 

tilth. The field was then finally levelled by using tractor

operated leveller. Other operations performed as per

recommended agricultural practices. Seed where sown by 

the seed drill in all treatments by different sowing

methods. The sampling was done at 10 days interval after

Flowering (DAF) till maturity. Five plants were randomly

selected from each treatment per replication. 

Physiological observations :

Chlorophyll content index : The hand held chlorophyll

meter (CCM-200) was used for rapid and non-destructive

estimation of chlorophyll in leaves. Chlorophyll content

was measured in upper fully developed 3rd and 4th

trifoliate leaf and expressed as SPAD unit (Soil Plant

Analysis Development). Three measurements were taken 

per plant of each genotype. The results were than

averaged, resulting in a single value to represent that

genotype.

Gaseous observations with help of Infra-Red Gas

Analyzer (IRGA) : The physiological observations were

recorded on photosynthesis, transpiration, stomatal

conductance, in soybean crop at pod filling stage by using

IRGA as per method out lined by (LI 6400, USA).

Derivatives parameters : The water use efficiency,

mesophyll efficiency and carboxylation efficiencies were

determined as per specification of (12). The quantum use

efficiency was also determined as per method outlined by

(13).
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Statistical analysis : Analysis of observations were taken 

on different variables was carried out to know the degree

of variation among all the treatments. The data was

statistically analyzed through completely randomized

block design.

RESULTS AND DISCUSSION

Chlorophyll content index : The two cultivars (JS 95-60

and JS 97-52) showed more chlorophyll content. The

supplemental UV-B radiation adversely affected

Chlorophyll content and electron transport activity in PSII

and consequently decreased the photosynthetic efficiency 

of soybean plants (14, 15).

Chlorophyll content index (Table-1, fig.-1) observed

that the treatment T1 (24.49), T4 (24.13) and T2 (24.03)

recorded the higher chlorophyll content index. This may

be result of Different Tillage and Drainage methods

(Indian No till + open drainage channel + sub-soiler) might 

have a high impact on chlorophyll content index by

influencing soil compaction, disrupt soil layers, root

development, water infiltration, incorporate fertilizers,

herbicides and plant residues facilitating the rapid and

early nutrient uptake and enhancing magnitude of

assimilatory surface area. T11 (16.82) recorded the

minimum chlorophyll content index. 

Canopy temperature (ºc) : The canopy temperature

measurement with infrared thermometers has been an

effective tool for semi-arid and arid conditions. The

soybean temperature thresholds were based on the

optimum canopy temperatures for peak photosynthetic

enzyme activity, which were found to be 27ºC (15, 16).

The treatment T11 recorded (Table-1, Fig.-1) the

significantly highest canopy temperature (44.24)over rest

of the treatments. Though the treatment T8 (41.25)

possessed the higher magnitudes for canopy

temperature. The higher canopy temperature is

negatively correlated with the transpiration rate as the

transpiration causes the cooling of canopy. The canopy

temperatures have the greatest effect on yield.

Temperatures above 35°C can inhibit pollen germination

and pollen tube growth. Treatment T10 indicated the

lowest (37.21) canopy temperature.

Photosynthetic rate (µmol/m2/s) : The distance of

drainage furrow (DF) effect on growth of soybean and the

photosynthetic rate decreased in the more extensive field

by distance of DF at V5 (vegetative stage) and R2 (mid

flowering) stages (7). The two cultivars (JS 95-60 and JS

97-52) showed higher photosynthesis rate (17, 18).

The distance of drainage furrow (DF) effect on

growth of soybean and the photosynthetic rate decreased

in the more extensive field by distance of DF at V5

(vegetative stage) and R2 (mid flowering) stages. The two 

cultivars (JS 95-60 and JS 97-52) showed higher

photosynthesis rate. The treatments T11 (58.08), T10

(57.32) and T9 (57.20) exhibited the higher photosynthetic 

rates (Table-1, fig.-1)  as compared to other treatments

despite of quite lower LAI which may be attributed the

higher per unit area photosynthates production in these

treatments.

Stomatal conductance (mol/m2/s) : The lower CO2

concentration ci may result from reduced stomatal

conductance, increased mesophyll conductance (18, 19).

The two cultivars (JS 95-60 and JS 97-52) showed more

stomatal conductance (16).

The treatments T10 (0.106), T8 (0.095), T9 (0.091),

T11 (0.081) and T5 (0.079) recorded the higher stomatal

conductance (Table-1, fig.-2) though they did not differ

significantly among them. The stomatal conductance is

closely associated with opening and closing of stomata

thereby affecting the CO2 assimilation. T2 (0.036)

recorded the minimum.

Transpiration rate (m mol/m2/s) : The photosynthetic

active radiation (PAR) was reduced significantly from full

Fig.-1 : Quantification of physiological traits and
mechanisms in various sowing systems.

Fig.-2 : Quantification of physiological traits and
mechanisms in various sowing systems.



daylight at 1 m from the tree (Juglansregia L.) row and the

diurnal variations of transpiration rate (Tr) of soybean (1).

The treatments T11 (4.71), T10 (4.49), T8 (3.80), T9

(3.56) and T5 (3.41) had the higher magnitudes for

transpiration rates (Table-1, fig.-1) but they did not show

any significant variation among them. Beneficial trait in

areas with optimum supply of water. However, there are

certain conditions under which the higher transpiration

may leads to the wilting of the plant if the plant is unable to 

meet out its transpirational demands. T2 (1.55) recorded

the minimum.

Water use efficiency (µmol/mmol) : The effect of tillage

and raised bed planting on yield, water use efficiency

(WUE) and profitability. Soybean planted on raised beds

recorded about 17% and 23% higher WUE, respectively,

than in flat layout (15, 20, 21).

The treatment T12 (3.13) was at par with T6 (2.76), T4

(2.49), T7 (2.41) and T2 (2.20) but possessed significant

more water use efficiency (Table-1, fig.-1) as compared

with rest of the treatments. The higher WUE in

treatmentConventional tillage + broad bed furrow,

Japanese No till + open drainage channel +

sub-soilerindicated better CO2 assimilation rate per unit of 

water transpired which also depends upon canopy

architecture and leaf orientation. The higher water use

efficiency is a beneficial trait in drought prone areas. T5

(1.12) had the minimum magnitude for this character.

Mesophyll efficiency (µmol/mol/(mol/m2/s) : The

mesophyll conductance (gm) limit photosynthesis

significantly and consequently, apart from gm are also a

physiological process that could affect leaf water use

efficiency (WUE) (15, 20, 22).  

The treatment T8 (820.034) possessed the

maximum mesophyll efficiency though did not vary

significantly with T10 (741.607), T11 (676.476), T1

(604.487) and T7 (574.253). The higher mesophyll

efficiency (Table 1, fig. 1) in treatment Indian No till + open 

drainage channel + sub-soiler and Conventional tillage +

Modified ridge and furrow system indicates the better CO2

use which is a desirable character for higher economic

yields. T9 noted the minimum.

Quantum efficiency : The content of total quantum yield

(Phi) of soybean crop increased and light compensation

point (LCP), light saturation point (LSP) decreased with

increasing degree of shade (6). In the branching-flowering 

and pod-setting stages, maximum quantum yield of

photosystem (PS) II photochemistry (Fv/Fm) decreased

by 6.1% (P=0.001) and 3.0% (P=0.009), respectively.

Supplemental UV-B radiation significantly decreased the

effective quantum yield (Y) (14).

The quantum efficiency represents the efficiency of

crop plants in converting solar energy absorbed by the

plant to the chemical energy. The treatment T12 had the

(Table-1, fig.-2) highest QUE (0.604) though was at par

with T11 (0.510) and T7 (0.390) but significantly

superseded rest of the treatments. The higher quantum

efficiency in treatments Conventional tillage + broad bed

furrow + ridge and furrow represents better utilization of

solar energy for converting it into chemical energy. The

treatment T3 (Conventional tillage + raised bed + open

drainage channel) (0.092) was found to be associated

with the minimum quantum efficiency.

Carboxylation efficiency (µmol/m2/s/(µmol/mol) : The

decreased leaf carbon isotope fractionation with

increased Chl levels suggests an enhanced carboxylation

capacity in these leaves (23).

The treatment T11 (0.05) though was at par with T10

(0.048), T8 (0.046), T3 (0.043), T5 (0.041), T4 (0.034) and

T1 (0.032) but possessed significant more carboxylation

efficiency (Table 1, fig. 2)  over rest of the treatments

Conventional tillage + ridge and furrow + Modified ridge

and furrow system indicating better utilization of

intercellular CO2 for converting it into photo-assimilates.

The higher carboxylation efficiency indicates the better

CO2 fixation by the Rubisco enzyme. Treatment T6

(0.008) recorded the minimum.
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