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Abstract

Forty-four sugarcane clones/varieties were evaluated in a randomized complete block designwith two replications at PAU, RRS 
Kapurthala during cropping season 2019-20 under waterlogged conditions to study the genetic divergence among sugarcane
clones/varieties. The waterlogging conditions were imposed at tillering, grand growth and maturation stages. The assessment
of genetic diversity was based on the sevencane yield and its components traits i.e. germination (%) at 45 days, number of
millable canes (000/ha), stalk length (cm), stalk diameter (cm), single cane weight (kg), cane yield (t/ha) and six juice quality
traits i.e. brix (%), sucrose (%), CCS (%), purity (%), extraction (%) and CCS (t/ha). The results indicated that the
clones/varieties differed significantly with respect to the traits studied and were grouped into seven clusters separately for cane
yield components and quality traits based on the squared euclidian distance using Ward’s method.Highest intra cluster distance 
was found in cluster VII for cane yield and its components traits, while in cluster II for quality traits. Maximum inter cluster
distances were observed between clusters VI and VII for cane yield and its components traits, whereas between clusters II and
VII for quality traits, which indicates that clones/varieties belonging to these clusters can be used in breeding programme
because of presence of maximum diversity. The analysis of cluster means revealed that clusters III and VII presented higher
index for cane yield and its components traits, while Cluster IV and VII presented better quality traits. It is suggested that
clones/varieties within these clusters could show greater potentiality for breeding purpose by virtue of their desirable traits and
these should be used for future breeding programme.
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Introduction

Sug ar cane (Saccharum spp. com plex) is an im por tant

agro-in dus trial crop cul ti vated in both trop i cal and

sub trop i cal re gions of the world for the pro duc tion of

su crose (sugar or jaggery), eth a nol, chem i cals,

bio-ma nure, pa per board fac to ries and cogeneration

plants. Be ing a long du ra tion crop, it is af fected by var i ous

bi otic and abiotic stresses that have re sulted due to

cli ma tic changes in the near past. Waterlogging is one

among the im por tant abiotic stresses which in flu ences the

over all pro duc tiv ity of crop and re cov ery of sugar and the

sug ar cane grow ing in low ly ing, high rain fall ar eas and

ar eas along the rivers are highly af fected by waterlogging.

Sug ar cane va ri etal re sponse to waterlogging var ies

greatly de pend ing on in her ent ge netic char ac ter is tics,

crop age and other grow ing con di tions (1). For abiotic

stress tol er ance, there is no al ter na tive ex cept to de velop

va ri et ies with ge netic tol er ance for them. But the nar row

ge netic base of mod ern sug ar cane va ri et ies is the ma jor

bot tle neck of sug ar cane im prove ment for bi otic and

abiotic stress tol er ance which fur ther com pli cated by

highly het ero zy gous, com plex polyploidy (10-12 cop ies of

the ge nome), aneuploidy hy brids (100-120 chro mo -

somes) and of ten with four spe cies of Saccharum in their

an ces try. The suc cess of sug ar cane breed ing programme 

is highly de pend ent on the se lec tion of rich and ge net i cally 

di verse par ents and the pa ren tal lines are se lected on the

ba sis of ag ro nomic char ac ters, ped i gree re cords,

bi-pa ren tal crosses and polycrosses be tween elite

ge no types in sug ar cane breed ing programmes. The seed

ger mi na tion var ies with the change in grow ing type (2).

The lack of ge ne al ogy data and the im proper iden ti fi ca tion

of some ge no types may im pair es ti ma tion of the ge netic

di ver sity among sug ar cane ac ces sions. Fur ther more,

con tin u ous se lec tion for the same traits such as su crose

con tent in breed ing programmes has re sulted in a de cline

in ge netic di ver sity, lim it ing fur ther prog ress in sug ar cane

breed ing (3). Thus, it is more nec es sary to broaden the

ge netic base by cross ing ge net i cally di verse par ents

which may re sult in more transgressive segregants and

better heterotic ex pres sions. To fur ther in crease the yield

po ten tial should be given to traits which were hav ing high

heritability (%) com bin ing with high ge netic ad vance (4).

Knowl edge on ge netic di ver gence is thus es sen tial for

iden ti fy ing and or ga niz ing the avail able ge netic re sources

with the goal of pro duc ing prom is ing cultivars (5). A

num ber of multivariate tech niques have been used to

de ter mine ge netic di ver gence in a va ri ety of crops (6) but

clus ter anal y sis is one of the most com monly used
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tech nique for this purpose. Thus, the current study was

formulated with the aim to select better clones/varieties

suitable for waterlogged conditions for future breeding

programmes using the Ward’s cluster analysis based on

cane yield, its components and quality traits.

Materials and Methods

The experimental plant material consisted of forty-four

diverse sugarcane clones/varieties comprising 39

clones/varieties (Co 118, CoPb 92, CoJ 85, CoJ 64, CoJ

88, CoPb 91, CoPb 93, CoPb 94, Co 238, CoPb 16211,

CoPb 16212, CoPb 17211, CoPb 17212, CoPb 14211,

CoPb 14212, CoPb 14181, CoPb 14183, K-38/7,

K2013-1, K2013-2,K2013-3, K2013-4, K2013-5, M 80,

K-31/10, K-66/1, K-71/3, K-57/3, K-71/1, K-9/5, K-50/3,

K-72/3, K-38/1, K-33/1, K-2/4, K-58/2, K-53/3, CoPb

18213 and CoPb 18211) from local source and 5 varieties

(Bo 154, CoP 9437, Bo 153, CoP 2061 and Bo 91) from Dr

Rajendra Prasad Central Agricultural University, Pusa

(Samastipur), Bihar. The plant materials were planted in a

randomized complete block design with two replications

during spring 2019-20 in the second week of March under

waterlogged condition. Each clone was represented by a

plot of 4 rows of 4m length maintaining inter row spacing of 

90cm and seed rate in both the environments was kept 12

healthy buds per running 1 metre row. The standard

cultural practices were carried as per recommendations to 

get ideal crop stand except irrigation. Artificial irrigation

was imposed at tillering, formative/grand growth and

maturation stages to create waterlogged conditions. Data

were recorded on seven cane yield and its components

traits i.e. germination (%) at 45 days of planting, number of 

millable canes (NMC) (000/ha), stalk length (cm), stalk

diameter (cm), single cane weight (kg), number of

internodes, cane yield (t/ha) and six juice quality traits at

harvest i.e. brix (%), sucrose (%), CCS (%), purity (%),

extraction (%) and CCS (t/ha) for each clone in each

replication under following standard procedures and

protocols. Cane yield (t/ha) was recorded from final

harvested crop, number of millable canes were counted at

maturity of crop per plot and converted in to number of

millable canes per hectare (000/ha). Other cane yield
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Table-1 : Mean squares of cane yield, its components and quality traits based on analysis of variances in sugarcane.

Cane yield and its component traits Quality traits

Germin
ation
(%)

No. of
millable
canes

(000/ha)

Stalk
length
(cm)

Stalk
diameter 

(cm)

Single
cane

weight 
(kg)

No. of 
intern
odes

Cane
yield
(t/ha)

Brix
(%)

Sucrose
(%)

Purity
(%)

CCS
(%)

Extrac-
tion
(%)

CCS
(t/ha)

Grand Mean 44.75 72.12 222.78 2.72 1.14 17.36 57.93 17.15 15.29 89.20 10.62 45.43 6.16

Treat MSS 243.33 445.48 3632.09 0.07 0.16 9.11 81.85 7.37 5.72 36.34 3.06 45.48 4.78

Err MSS 35.80 41.83 56.09 0.07 0.04 4.45 47.98 0.48 0.41 1.58 0.22 1.70 0.41

F Ratio 6.80 10.65 64.76 1.02 4.15 2.05 1.71 15.23 13.99 23.08 14.13 26.83 11.71

Table-2 : Grouping of forty-four sugarcane clones/varieties in different clusters based on cane yield, its components and
        quality traits.

Cane yield and its component traits Quality traits

Cluster 

No.

No. of
clones/

varieties

Clones/Varieties Cluster No. No. of
clones/

varieties

Clones/Varieties

I 6 Co 118, K-33/1, K2013-4,
K-57/3, CoPb 18213, CoJ 85

I 9 Co 118, CoPb 92, Co 238,
CoPb 14212, M 80, K2013-1,
K-33/1, K-38/1, K-71/1

II 6 CoPb 17212, K2013-2, Bo 153,
K-72/33, K-38/1, K-9/5 

II 2 CoPb 91, CoPb 14211

III 6 Co 238, CoPb 14211, CoPb
16211, K2013-3, CoPb 18211,
CoPb 93

III 14 CoJ 64, K-38/7, CoP 2061, Bo
154, K2013-4, K-53/3, K-57/3,
K-58/2, K-9/5, CoPb 17212, Bo
91, Bo 153, K2013-2, CoP 9437

IV 10 CoJ 64, K-2/4, CoPb 14212,
K-66/1, Bo 91, CoPb 14181, CoP 
2061, K-53/3, CoPb 94, K2013-5 

IV 10 CoPb 93, K2013-3, CoPb
16211, CoPb 18213, CoPb
14181, K-72/3, CoPb 16212, 
CoPb 18211, CoJ 85,  K2013-5

V 2 CoJ 88, CoPb 14183 V 3 CoJ 88, K-71/3, K-2/4

VI 7 CoPb 17211, M 80, K2013-1,
K-31/10, Bo 154, CoP 9437,
K-71/3

VI 5 CoPb 94, CoPb 17211,
K-31/10, K-66/1, K-50/3

VII 7 CoPb 92, K-38/7, CoPb 91,
K-50/3, K-71/1, K-58/2, CoPb
16212

VII 1 CoPb 14183



components traits were recorded as per standard

procedures from five randomly selected canes taken from

each clone in each replication to measure stalk length,

stalk diameter, single cane weight and number of

internodes. Juice quality traits were determined using

sucrolyser as per the standard procedure given by (8).

Germination (%) at 45 days after planting, purity (%), 

CCS (%), extraction (%) and CCS (t/ha) were calculated

as :

 Germination (%) = 
Number of buds germinated per plot

Total number of buds planted per plot 
´ 100

      Purity (%) = 
Sucrose (%)

Brix (%)
´ 100

    CCS (%) = 
0.292  Sucrose(%) { ( 0.0.35  Purity(%)) - 1}

Purit

´ ´

y (%)
´ 100

Extraction (%) = 
Juice weight (kg)

Cane weight (kg)
´ 100 

CCS (t/ha) = Yield (t/ha) × CCS (%)

Statistical Analysis : The analysis of variance (ANOVA)

was performed using CPCS1 software (9). Data were also

subjected to Ward’s method of Hierarchical cluster

analysis using statistical software Indostat version 9.2

andby using squared Euclidean distance method (10).

Dendrogram of the data was developed for visualizing and 

classifying the results.

Results and Discussion

Analysis of variance revealed the significant differences

among the clones/varieties studied indicating the

sufficient genetic variation among the clones/varieties for

all the traits studied (Table-1). Coefficient of variability

ranged from 3.69 to 16.20, which indicated the

consistency of the experimental conditions.

Cluster pattern of clones/varieties : Forty-four

sugarcane clones/varieties were divided into seven
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Table-3 : Mean inter- and intra- (bold) cluster distances between clusters formed for cane yield and its component traits.

Cluster I II III IV V VI VII

I 424.52 582.69 1001.90 676.04 1201.22 864.69 3075.68

II 172.22 766.65 658.92 2113.73 1752.48 1566.49

III 435.78 743.19 1944.95 2587.45 1702.53

IV 321.88 926.47 1514.66 2339.25

V 208.84 1027.42 5240.12

VI 279.18 5815.44

VII 639.90

Table-4 : Mean inter- and intra- (bold) cluster distances between clusters formed for quality traits.

Cluster I II III IV V VI VII

I 10.44 52.13 21.32 38.56 22.12 44.74 126.71

II 20.08 93.40 91.58 44.65 56.98 157.13

III 8.44 22.15 26.79 40.23 82.40

IV 6.60 20.82 44.84 52.91

V 8.26 27.74 73.11

VI 18.68 53.53

VII 0.00

Table-5 : Mean values of seven clusters formed for cane yield, its component traits and quality traits.

Cane yield and its component traits Quality traits

Cluster

No.

Germi
nation 

(%)

No. of
millable 
canes

(000/ha)

Stalk
length 
(cm)

Stalk
diamet

er
(cm)

Single 
cane

weight 
(kg)

No. of 
intern
odes

Cane
yield
(t/ha)

Cluster 
No.

Brix

(%)

Sucro
se

(%)

Purity

(%)

CCS

(%)

Extrac
tion

(%)

CCS

(t/ha)

I 46.82 65.85 212.05 2.87 1.24 17.86 55.63 I 17.46 15.16 86.85 10.39 43.70 5.78

II 39.77 63.35 228.69 2.78 1.28 18.11 54.74 II 17.40 15.65 90.04 10.92 38.21 7.05

III 57.55 73.27 232.09 2.81 1.28 18.28 64.07 III 16.74 14.73 88.01 10.17 46.96 5.72

IV 43.39 81.53 220.61 2.59 1.01 16.76 60.35 IV 18.22 16.45 90.37 11.49 47.25 7.37

V 49.78 92.69 197.00 2.63 0.78 14.95 58.50 V 18.05 16.28 90.30 11.37 43.94 5.35

VI 39.94 66.63 189.40 2.69 1.00 15.76 53.93 VI 15.30 14.08 92.01 9.93 43.76 5.64

VII 41.57 70.19 262.77 2.73 1.26 18.64 57.72 VII 15.53 14.99 96.55 10.79 48.49 6.83
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clusters separately on the basis of cane yield components 

and quality traits (Table-2). The results indicated that

clusters I, II, III, IV, V, VI and VII for cane yield and its

components traits were categorized into 6 (Co 118,

K-33/1, K2013-4, K-57/3, CoPb 18213 and CoJ 85), 6

(CoPb 17212, K2013-2, Bo 153, K-72/3, K-38/1 and

K-9/5), 6 (Co 238, CoPb 14211, CoPb 16211, K2013-3,

CoPb 18211 and CoPb 93), 10 (CoJ 64, K-2/4, CoPb

14212, K-66/1, Bo 91, CoPb 14181, CoP 2061, K-53/3,

CoPb 94 and K2013-5), 2 (CoJ 88 and CoPb 14183), 7

(CoPb 17211, M 80, K2013-1, K-31/10, Bo 154, CoP 9437 

and K-71/3) and 7 (CoPb 92, K-38/7, CoPb 91, K-50/3,

K-71/1, K-58/2 and CoPb 16212) clones/varieties,

respectively. Fig 1 represents the cluster pattern for

clones/varieties for cane yield and its components

traits.The clusters I, II, III, IV, V, VI and VIIfor quality traits

were categorized into 9 (Co 118, CoPb 92, Co 238, CoPb

14212, M 80, K2013-1, K-33/1, K-38/1 and K-71/1) , 2

(CoPb 91 and CoPb 14211), 14 (CoJ 64, K-38/7, CoP

2061, Bo 154, K2013-4, K-53/3, K-57/3, K-58/2, K-9/5,

CoPb 17212, Bo 91, Bo 153, K2013-2 and CoP 9437), 10

(CoPb 93, K2013-3, CoPb 16211, CoPb 18213, CoPb

14181, K-72/3, CoPb 16212,  CoPb 18211, CoJ 85 and 

K2013-5), 3 (CoJ 88, K-71/3 and K-2/4), 5 (CoPb 94,

CoPb 17211, K-31/10, K-66/1 and K-50/3) and 1 (CoPb

14183) clones/varieties, respectively. Fig-2 represents

the cluster pattern for clones/varieties for quality traits.

Intra and inter cluster distances : The intra cluster

distances for cane yield and its component traits ranged

from 172.22 to 639.90. Highest intra cluster distance

(639.90) was reported in cluster VII followed by cluster III

(435.78) and I (424.52), while lowest intra cluster distance

Fig.-1 : Cluster pattern diagram for cane yield and its components traits.



(172.22) was reported in cluster II. The inter cluster

distances ranged from 582.69 to 5815.44. Maximum inter

cluster distance was found between clusters VI and  VII

(5815.44) followed by clusters V and VII (5240.12) and

clusters I and VII (3075.68), whereas minimum inter

cluster distance was observed between cluster I and

cluster II (582.69). Fig-3 represents the configuration of

clusters and their mutual relationship for cane yield and its

components traits.The intra cluster distances for quality

traits ranged from 0.00 to 20.08. Highest intra cluster

distance (20.08) was reported in cluster II followed by

cluster VI (18.68) and I (10.44), while lowest intra cluster

distance (0.00) was reported in cluster VII. The inter

cluster distances ranged from 20.82 to 157.13. Maximum

inter cluster distance was observed between clusters II

and  VII (157.13) followed by clusters I and VII (126.71)

and clusters II and  III (93.40), whereas minimum inter

cluster distance was observed between cluster IV and

cluster V (20.82). Fig-4 represents the configuration of

clusters and their mutual relationshipfor quality

traits.Highest intra and inter cluster distances indicated

that clones/varieties belongingto these clusters can be

used in breeding programme because they are more

diverse in contrast to the lower intra and inter cluster

distances.Identical suggestions for selection of different

clones under waterlogged conditions from maximum

divergent clusters were also given by (11,12,13).

Cluster mean values for different traits

Cane yield and its component traits : The highest

cluster mean for germination (%) was found in cluster III

(57.55%) followed by cluster V (49.78%) and cluster I

(46.82%), while the lowest cluster mean was found in

cluster II (39.77%). The highest cluster mean for number

of millable canes (000/ha) was found in cluster V (92.69)

followed by cluster IV (81.53) and cluster III (73.27), while

the lowest cluster mean was found in cluster II (63.35).

The highest cluster mean for stalk length (cm) was found

in cluster VII (262.77 cm) followed by cluster III (232.09
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Fig-2 : Cluster pattern diagram for quality traits.
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cm) and cluster II (228.69 cm), while the lowest cluster

mean was found in cluster VI (189.40 cm). The highest

cluster mean for stalk diameter (cm) was found in cluster I

(2.87 cm) followed by cluster III (2.81 cm) and cluster II

(2.78 cm), while the lowest cluster mean was found in

cluster IV (2.59 cm). The highest cluster mean for single

cane weight (kg) was found in cluster III, II (1.28 kg)

followed by cluster VII (1.26 kg), while the lowest cluster

mean was found in cluster V (0.78 kg). The highest cluster

meanfor number of internodes was found in cluster VII

(18.64) followed by cluster III (18.28) and cluster II (18.11), 

while the lowest cluster mean was found in cluster V

(14.95). The highest cluster mean for cane yield (t/ha) was 

found in cluster III (64.07 t/ha) followed by cluster IV

(60.35 t/ha) and cluster V (58.50 t/ha), while the lowest

cluster mean was found in cluster VI (53.93 t/ha). 

Juice quality traits : The highest cluster mean for brix

(%) was found in cluster IV (18.22%) followed by cluster V

(18.05%) and cluster I (17.46%), while the lowest cluster

mean was found in cluster VI (15.30%). The highest

cluster mean for sucrose (%) was found in cluster IV

(16.45%) followed by cluster V (16.28%) and cluster II

(15.65%), while the lowest cluster mean was found in

cluster VI (14.08%). The highest cluster mean for CCS (%) 

was found in cluster IV (11.49%) followed by cluster V

(11.37%) and cluster II (10.92%), while the lowest cluster

mean was found in cluster VI (9.93%). The highest cluster

mean for purity (%) was found in cluster VII (96.55%)

followed by cluster VI (92.01%) and cluster IV (90.37%),

while the lowest cluster mean was found in cluster I

(86.85%). The highest cluster mean for extraction (%) was 

found in cluster VII (48.49%) followed by cluster IV

(47.25%) and cluster III (46.96%), while the lowest cluster

mean was found in cluster II (38.21%). The highest cluster 

mean for CCS (t/ha) was found in cluster IV (7.37t/ha)

followed by cluster II (7.05t/ha) and cluster VII (6.83t/ha),

while the lowest cluster mean was found in cluster V

(5.35t/ha). 

Cluster III and VII reported to had higher index

values for cane yield and its component traits  like

germination (%), stalk length (cm), single cane weight

(kg), number of internodes and cane yield (t/ha), while

Cluster IV and VII had better quality in respect of brix%,

sucrose%, purity%, CCS%, extraction% and CCS

(t/ha).Therefore, clones/varieties belonging to these

clusters can be used as breeding material for

development of sugarcane varieties under waterlogged

stress. (11,12,13) also suggested the selection of clones

based on cluster mean and divergent cluster distance for

the better exploitation of genetic potential under

waterlogged conditions, which are in accordance with the

current results.The clones/varieties belonging to

maximum genetic distance and higher cluster mean for

particular traits could be intercrossed to produce a good

number of sugarcane progenies with a better breeding

potential.

Fig.-3 : Configuration of clusters and their mutual
relationship by Euclidean 2 distance method
in sugarcane clones/varieties for cane yield
and its component traits.

Fig.-4 : Configuration of clusters and their mutual
relationship by Euclidean2 distance method in
sugarcane clones/varieties for quality traits.
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