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	ABSTRACT	
Castor	being	an	important	non-edible	oilseed	crop	requires	a	constant	need	for	the	development	of	superior	hybrids.	To	achieve	the	
objective,	the	availability	of	diverse	germplasm	is	the	pre-requisite.	One	such	way	to	broaden	the	diversity	of	germplasm	or	parental	
lines	is	by	developing	gene	pools.	The	present	study	was	aimed	at	studying	the	phenotypic	diversity	of	�ifty	advanced	lines	of	castor	
derived	from	gene	pool.	Ten	agro-morphological	traits	were	evaluated	in	the	genotypes	and	signi�icant	differences	were	found	for	all	

2the	traits.	The	genotypes	were	grouped	into	ten	clusters	in	D clustering	method	due	to	high	heterogeneity.	The	cluster	I	was	the	
largest	with	29	genotypes	and	the	clusters	V,	VI,	VII,	VIII,	IX	and	X	had	only	one	genotype	each.	The	genetic	distance	was	highest	
between	the	clusters	III	and	X.	The	genetic	divergence	within	the	clusters	was	maximum	for	cluster	IV.	The	highest	cluster	means	for	
the	characters	understudy	were	distributed	across	different	clusters.	The	genetic	diversity	was	mostly	contributed	by	plant	height	up	

2to	primary	raceme	and	seed	yield.	The	superior-performing	lines	for	different	traits	were	placed	at	different	clusters	in	D 	analysis.	
Thus	to	generate	heterotic	hybrids,	such	diverse	parental	lines	can	be	utilized	in	crossing	programmes.	However,	to	further	improve	
the	genetic	resources	of	castor,	genotypes	from	diverse	clusters	with	high	performance	of	yield	attributing	traits	can	be	utilized.
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Introduction
Castor (Ricinus	communis L.) is an industrially important non-
edible oilseed crop belonging to the family Euphorbiaceae. 
Castor seed contains 45-55% oil which is the major source of the 
unusual hydroxyl fatty acid i.e., ricinoleic acid which has 
tremendous industrial signi�icance (1). It is majorly used as an 
ef�icient lubricant for high-speed engines and as an ingredient in 
several by-products viz . , soaps, shampoos, cosmetics, 
ointments, etc. (2).
 In castor, many commercially cultivated varieties and parental 
lines used for hybrid seed production share a common ancestry 
which makes them vulnerable to the �luctuating climatic 
conditions as well as to the newly emerging races of pests and 
pathogens resulting in compromised yield levels (3). This may 
be because of the presence of monotypic species in the genus 
Ricinus and the high instability of inbreds especially pistillate 
lines. Thus exploitation of new genetic resources through the 
collection or development of genepool, multiple crosses etc. 
becomes necessary. Vast genetic variation can be expected in 
castor due to its highly cross-pollinated nature and therefore it 
is important to characterize the germplasm or breeding lines 

2based on genetic diversity (4). The mahalanobis D  statistic is a 
useful tool to calculate the degree of genetic divergence and for 
quantitative assessment of the association based on the 
generalized distance (5). 

It is used to make a quantitative evaluation of genetic 
2divergence. D  analysisis a useful tool for plant breeders to 

categorize genotypes into distinct groups based on genetic 
divergence between them. It can also be used to analyze the 
relative contribution of different component traits to total 
divergence at both the intra- and inter-cluster levels, as well as 
quantifying the degree of divergence between biological 
populations at the genotypic level.
Considering the importance of need for diverse genetic base for 
castor improvement, the present investigation was taken up to 
identify the superior inbreds for hybrid breeding.

Material	and	Methods
The current study was conducted at Regional Agricultural 
Research Station, PJTSAU, Palem, Telangana during kharif, 2021. 
The seed material required for the present experiment includes 
advanced lines (Table 1) collected from castor genepool(50 No.) 
developed through random mating of elite lines for three 
seasons in isolation and also two checks viz.PCS-262 and DPC-9. 
All the 50 genepool lines along with two checks were sown on 

thJuly 8 , 2021 at Regional Agricultural Research Station, Palem 
located at 16.5154˚N latitude and 78.2493˚E longitude. The crop 
was planted with a spacing of 90 cm between the rows and 60 
cm between the plants. Each line was planted in a single row of 
6m length and both the checks were repeated 5 times in 
Augmented Randomized Complete Block Design. The crop was 
grown in rainfed conditions and all the agronomic practices 
along with plant protection measures were followed in order to 
raise it successfully as shown. Genetic divergence was 

2calculated by Mahalanobis' D statistical method as (6)and the 
50 genotypes and 2 checks were categorized according 
toTocher's method (1952). 
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Table	1:	List	of	castor	genotypes	used	in	the	present	study

The experimental data was analyzed using INDOSTAT software.

Results	and	Discussion
In the present study, the data of the ten quantitative traits 
collected from the 50 genotypes and 2 checks was subjected to 
ANOVA, and the results are presented in Table 2. For all the 
quantitative traits viz., days to 50% �lowering, days to maturity, 
plant height, number of nodes, raceme length, effective raceme 
length, number of effective racemes per plant, number of 
capsules per raceme, 100 seed weight and yield per plot the 
mean sum of squares were signi�icant. Thus, it indicates the 
presence of a signi�icant extent of variability in the material 
considered for the study (7). 

Grouping	of	Genotypes	into	Clusters
Clustering is a method of determining how closely genotypes 
are related genetically. When compared to genotypes from other 
clusters, genotypes in the same cluster are regarded to be more 
closely connected by their origin, ancestry, and genetic makeup 
(8-10). Clustering is crucial in crop improvement because it 
allows selection of diverse parents for obtaining highly heterotic 
hybrids as well as transgressive recombinants in segregating 
generations when parents are chosen from several distantly 
related clusters. Tocher's method has been adapted here in the 
present study to visualize the clustering pattern.It is a clustering 
technique that groups similar genotypes based on their traits, 
facilitating the identi�ication of superior lines thereby enhances 
the breeding ef�iciency to focus on promising genotypes 
forrespective traits (11). The primary idea behind cluster 
creation is to calculate intra and inter-cluster distances, which 
serve as a selection index for parents of diverse origins (12). The 
intra-cluster and inter-cluster values are means calculated from 

2 cluster element D values. Crossing genotypes in clusters with a 
signi�icant inter-cluster distance will be a more accurate 
method for obtaining acceptable results. It can be utilised as a 
valid selection criterion and for other breeding purposes (13-
15). 

In the present study of 50 gene pool lines with two checks,up on 
2subjecting to genetic diversity analysis using Mahalanobis D  

method yielded a total of ten clusters (Table 3.). Among the ten 
clusters formed, the largest cluster was the cluster I with 29 
genotypes. Next is cluster II with eight genotypes followed by 
clusters III and IVcomprising of 6 and 3 genotypes, respectively. 
Whereas the clusters V, VI, VII, VIII, IX and X had only one 
genotype each (Fig.1&2). This indicates that there is great 
heterogeneity among the studied genepool lines (16). The 
lowest inter-cluster distance being 98.24 was noted between 
the clusters V and VI indicating the genotypes from these two 
groups were genetically not very diverse. Thus crossing the 
genotypes from these clusters may not result in larger levels of 
heterotic expression (15)

2Intra and inter-cluster distances were calculated utilizing D  
values from divergence analysis (Table 4). Among the ten 
clusters formed, cluster IV had the highest intra-cluster distance 
of 159.82 followed by cluster III with an intra cluster distance of 
130.17. The clusters V, VI, VII, VIII, IX and X had zero intra-
cluster distance as they are solitary clusters indicating that they 
contain genotypes with different and unique genetic makeup 
(14).
Up on observing these solitary clusters, each entry has got one 
or the other desirable trait viz., M-GP-135 (Cluster V) possesses 
only 1-2 effective spikes under normal spacing conditions. Thus, 
the line can be utilized as such in high density planting system to 
avoid multiple harvesting in castor or can be used as one of the 
parent in the development of mono-spike or shy branching plant 
types. Similarly the entry, PCS-372 (Cluster X) has more number 
of capsules in its primary spike itself compared to other entries 
which can also be considered as desirable under high-density 
planting system as much of the yield was attained from primary 
spike itself which is amicable for mechanical harvesting (17).
The entry M-GP-33 (Cluster VII) had a high test weight (100-
seed weight) of 34g compared to the other test entries which can 
be considered as high under rainfed system. This can be 
exploited by involving the line in the development high seed-
weight cultivars. 
 The solitary cluster X has noted highest inter-cluster distances 
with cluster III (1565.86), cluster VI (1396.86), cluster V 
(1333.16) and cluster I (1226.65) indicating that cluster X is 
highly diverse among others. Cluster III and IV (1293.13) along 
with cluster I and IV (955.51) have also been noted to have more 
inter-cluster distance between them. Thus these clusters have 
more genetic divergence and hence crossing genotypes from 
these clusters will yield more heterotic expression as well as a 
greater range of diversity in succeeding segregating populations 
(14).

Cluster	Means	for	Different	Characters
The cluster means values indicate that there are signi�icant 
differences among the characters (Table 5) understudy. For days 
to 50% �lowering, the cluster mean was highest in cluster VII 
(59) and lowest in cluster VIII (50). Days to maturity had the 
highest cluster mean in cluster III (110) and the lowest cluster 
mean in cluster VIII (97). Cluster VI had the highest plant height 
(226.8 cm) and the lowest plant height was noted in cluster VIII 
(67.2 cm). The highest cluster mean for the number of nodes 
was noted in cluster III (16.73) and it was the lowest in cluster 
VIII (9.2). In case of raceme length the highest cluster mean was 
65.8 cm which was seen in cluster IX and the lowest was 39 cm in 
cluster V. For effective raceme length the lowest cluster mean 
was noted in cluster V (39 cm) and the highest was noted in 
cluster IX (55.6 cm). 
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Table	2.	Analysis	of	variance	for	agro-morphological	characters

The character number of effective racemes had the highest 
cluster mean in cluster IX (7.5) and the lowest cluster mean was 
in cluster V (1.4). Cluster mean for the number of capsules was 
highest in cluster V (114.4) and lowest in cluster III (44.5). The 
maximum (34 g) and minimum (22 g) cluster means for test 
weight were observed in clusters VII and cluster VI respectively. 
Seed yield was the maximum in cluster X (1783.98 g) and was 
lowest in cluster III (222.84 g).
 In the present study it was found that the solitary cluster X (PCS-
372) has showed maximum inter-cluster distance with cluster 
III (1565.86) and cluster I (1226.65). The genotype from cluster 
X is a highest yielding yet a late maturing type hence it can be 
crossed with the early maturing genotype M-GP-104 of cluster 
III and M-GP-26 of cluster I to produce an early maturing an 
good plant structure containing hybrids, respectively coupled 
with high yield. 

Contribution	of	individual	characters	towards	divergence
Of all the ten characters studied, six characters have contributed 
considerably towards the genetic divergence (Table 6). The 
character that contributed the most to the genetic diversity was 
seed yield which affected the diversity by 90.72% and it was 

st ranked 1 for 1203 times. The trait plant height ranged 93 times 
st as 1 which contributed 7.01% towards the diversity. Characters 

that contributed the most towards the genetic divergence show 
less diversity within the genotypes. These traits are not 
inherited in a creditable degree to the following generation, and 
their expression is signi�icantly reduced.
The traits number of capsules and raceme length contributed 
1.13% and 0.82% respectively towards the diversity. The lowest 
contribution of 0.15% to genetic diversity was by the characters’

days to 50% �lowering and effective raceme length. There was 
no contribution from the traits da1ys to maturity, number of 
nodes, number of racemes and 100 seed weight. The traits with 
maximum contribution i.e seed yield and plant height are 
important while selecting diverse phenotypes. The percentage 
contributions of each trait towards genetic divergence are 
detailed in the Table 6 and �ig. 3.

Conclusion
The present study has revealed that, the material understudy 
has good amount of diversity. The superior performing lines viz., 
MGP-12, MGP-16, MGP-27, MGP-28, MGP-33, MGP-44, MGP-52 
etc. have happened to be distributed in different clusters in D2 
analysis. Thus such diverse and stable lines can be utilized in 
crossing programmes to generate heterotic hybrids. For further 
improvement of castor genetic resources, genotypes from 
diverse clusters with high performance of yield attributing 
traits can be utilized.

Future	scope	of	 the	study:	The trait speci�ic divergent lines 
identi�ied in the present study can be utilized in further 
breeding programme for the improvement of respective traits in 
castor.
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Table	3.	Distribution	of	52	Genotypes	into	10	Clusters
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Table	4.	Average	intra	and	inter	eucledian	cluster	distances	among	the	advanced	lines	of	castor

Table	5.	Cluster	Means	of	the	Genotypes	for	Different	Phenotypic	Traits

Table	6.	Per	Cent	Contribution	of	Different	Traits	towards	Genetic	Diversity

Figure	1.	Clustering	Pattern	of	52	Genotypes	by	Tocher's	Method

Figure	2.	Intra	and	Inter	Cluster	Distances	

F
ig
u
re
	3
.	R

el
a
ti
ve
	C
o
n
tr
ib
u
ti
o
n
s	

o
f	
D
iff
er
en

t	
C
h
a
ra

ct
er
s	
to
	G
en

et
ic
	

D
iv
er
si
ty



	©	2025	AATCC	Review.	All Rights Reserved. 555.

K.	Sadaiah	et	al.,	/	AATCC	Review	(2025)

REFERENCES

Senthilvel, S, Shaik M, Anjani K, Shaw RK, Kumari P, Sarada 
C, Ushakiran, B. Genetic variability and population 
structure in a collection of inbred lines derived from a core 
germplasm of castor. 2016;26 J. Plant Biochem. Biotechnol.
(1). 27-34. 

Sadaiah K, Neelima G, Rani CVD, Rani VD, Madhuri G, Nalini 
N, Sujatha M, Shankar VG, Kumar MP, Lavanya C, Lal JJ. 
G e n e t i c  p a r a m e t e r s ,  d i v e r s i t y  a n d  c h a r a c t e r 
associationstudies in germplasm lines of castor (Ricinus	
communis L.). 2021;12(4): 1134-Electron. J. Plant Breed.  
41.

Shaw RK, Kadirivel P, Shaik M, Prasad MSL, Prasad RD, 
Senthilvel S. Genetic characterization of resistance to wilt 
disease caused by Fusarium oxysporumf.sp. ricini in castor 
(Ricinus	 communis L.). 2017;16(2): Plant Genet. Resour .	
169-177.

Allan G, WilliamsA, Rabinowicz PD, Chan AP, Ravel J Keim, P. 
Worldwide genotyping of castor bean germplasm (Ricinus	
communis L.) using AFLPs and SSRs. Genet. Resour. Crop 
Evol.2008;55(3): 365-378.

Mahalanobis PC. On the generalized distance in statistics. 
Proceedings of National Institute of Science, India. 
1936;2:49-55.

Rao, CR. Advanced statistical methods in Biometrical 
Research. John	Wiley	and	Sons,	New	York. 1952;328.

Bairwa RK, Solanki RK, Sharma YK, Meena R. Phenotypic 
variability in cumin (Cuminum	cyminum L.) for important 
agro - morphological traits. Int. J. seed spices.2015;5(1): 
68-70.

Fang X, Xiong E, Zhu W. Cluster analysis of elite wheat 
germplasm. Jiangsu Agric Sci. 1996; 4:14-16

1.

2.

3.

4.

5.

6.

7.

8.

Chapla JN, Dobariya KL, Khanpara MD, Jivani LL, Kachhadia 
VH. Genetic divergence in bread wheat (Triticum	aestivum 
L.). J. Pl. Improv. 2008; 10(2): 97-102.

Singh SV, Tiwari LP, Sharma RK. Genetic Variability, 
Correlation and Path analysis in bread wheat (Triticum	
aestivum L.).	Indian J. of Genet. 2010; 6(2): 91-93.

Adarsh VS, Joseph B, Gopinath P P. Comparison of clustering 
techniques used in divergence analysis'. Int. J. Stat. Appl. 
Math.2020;5(4):19-21.

Dobariya KL, Ribadia KH, Padhar PR,Ponkia HP. Analysis of 
genetic divergence in some synthetic lines of bread wheat 
(Triticum	aestivum L.). Advances in Pl. Sci. 2006;19(1): 221-
25. 

Wolie A, Belete K. Genetic divergence and variability 
studies in some Ethiopian �inger millet germplasm 
collections. 2013;3(4): 110-16. J. Agric. Sci.  

Suryanarayana L, Sekhar D, Rao NV. Genetic variability and 
divergence studies �inger millet (Eleusine	coracana L.). Int.	
J.	Curr.	Microbiol.	Appl.	Sci. 2014; 3(4): 931-36. 

Kumari S, Singh SK. Assessment of genetic diversity in 
promising �inger millet (Eleusine	coracana L.) genotypes. 
The Bioscan2015; 10(2): 825-830.

Lakshmamma P, Prayaga L, Lavanya C, Sarada C. Genetic 
diversity, variability and heritability for root, shoot and 
water use ef�iciency traits in castor (Ricinus	communis L.) 
genotypes. Ind.J.PlantGen.Resour. 2014; 27(3): 230-237. 

Oswalt JS, Jacob MR, Liv SS, Dick LA, Craig WB, Glen LR. 
Plant height and seed yield of castor (Ricinus	communis L.) 
sprayed with growth retardants and harvest aid chemicals. 
Ind. crops prod. 2014; 61: 272-277

9.

10.

11.

12.

13.

14.

15.

16.

17.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5

