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Introduction 
 

Pigeonpea is pro-farmer crop grown in the 

tropical and sub-tropical regions of Asia, 

Africa, and the Caribbean. Globally cultivated 

in 7 Mha with production and productivity of 

6.8 MT and 969 kgha
-1

 respectively 

(FAOSTAT, 2019).Consumed as dal in India, 
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The present investigation aimed to study genetic divergence and clustering 

pattern of 37super-early pigeon pea genotypes. Analysis of variance and 

hierarchical cluster analysis of tocher’s method revealed significant 

differences among the genotypes for all the traits under study. Based on 

genetic distance (D
2
 value), the 37 genotypes were grouped into 9 

distinctive clusters, of which cluster I and II formed the largest clusters 

with 10 genotypes in each. Among all the characters understudy, leaf area 

index(LAI) at 60 DAS contributed more to the divergence followed by leaf 

area (17.02) and leaf area index (12.71) at maturity. Based on the average 

inter-cluster distance, the cluster III and IX (66.93) tailed by cluster III and 

VIII (64.86) and cluster VI and VIII (64.06) showed higher inter-cluster 

distance depicting the wider divergence. Trait-wise selection of diverse 

parents from the above clusters aids in exploitation of heterosis in super-

early pigeon pea. 
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also known for fodder, fuelwood, soil 

amelioration, fencing and thatching purposes 

(Mula and Saxena, 2010). Under a changing 

climate scenario, water is a limiting factor in 

current day agriculture. Since a great scale of 

maturity is now available in pigeonpea, the 

development of genotypes with the early- 

maturity is the first line of defence in counter 

to terminal drought stress (Chauhan et al., 

1992). Efforts are made at ICRISAT, 

Patancheru to develop a novel ‘super-early’ 

maturity group of pigeonpea. 

 

Super-early pigeonpea maturing in 90-100 

days opens the avenue to explore pigeonpea 

in off-season and non-traditional niches, 

aiming the upsurge in national production. 

Photo-insensitivity is reported to be linked to 

earliness (Wallis et al.,  1981) is an add-on in 

super-early pigeonpea along with semi-dwarf 

stature. Being hardy and early fits in rice 

fallows, wheat-pulses and sugarcane-pulses 

intercropping system using residual moisture 

for growth and development (Hingane et al., 

2018). Early genes, aids in rapid generation 

turnover, cutting the drudgery of longer 

breeding cycles.  

 

Synchrony in maturity and attractive stature 

opens the prospect of mechanization in 

pigeonpea (Ranjani et al.,  2018). With these 

wider opportunities in pigeonpea, an attempt 

to explore the genetic diversity in 37 

genotypes of super-early pigeonpea for yield, 

yield attributes, physiological and quality 

traits was made to foresee the future breeding 

scope. 

 

Materials and Methods 

 

The experimental material comprised of 37 

super-early pigeonpea genotypes laid out at 

pigeonpea breeding fields, ICRISAT, 

Patancheru during Kharif 2016. The study 

material consisted of 13 determinate types 

(DT) and 21 non-determinate types (NDT) 

with two DT checks MN1, MN5, and one 

NDT check ICPL 20325. Each genotype was 

sown in 4 rows of 4 m length with a spacing 

of 30×10 cm in Randomized Complete Block 

Design (RCBD) with 2 replications. The 

experimental plot was located at 17.51°N 

latitude, 78.27° E longitude, an altitude of 545 

meters above MSL, with an annual rainfall of 

877.8mm and alfisol being soil type. Field 

observations for traits viz., plant height (cm), 

number of primary branches plant
-1

, pods 

plant
-1

, seeds pod
-1

, grain weight plant
-

1
(g),100 seed weight(g) and harvest index (%) 

were recorded, on five randomly selected 

plants whereas days to 50% flowering, days 

to maturity and yield hectare
-1

(kg) was 

calculated on plot basis.  

 

Dry matter content(g) at 30DAS, 60DAS and 

maturity, leaf area (cm
2
) at 30DAS, 60DAS, 

and maturity were recorded on five randomly 

uprooted plants at (30 days interval) whereas 

canopy volume (cm
3
): Rodríguez, et al.,  2008, 

leaf area index (LAI):Watson (1952) at 30DAS, 

60DAS and maturity, crop growth rate 

(CGR)(gm
-2

d
-1

):Radford (1967), net 

assimilation rate (NAR) (gm
-2

d
-1

):Williams 

(1946), leaf area duration (LAD) (m
2
 days) 

between 30-60DAS and 60DAS-maturity ;Hunt 

(1978), protein content (%):Sahrawat et al., 

(2002), phenol content (mg GAE 100
-

1
g):Singleton and Rossi (1965), dal cooking 

time (min): Sethi et al., (2014): Singh et al., 

(1984): Akinoso and Oladeji (2017)and dal 

recovery (%): Sawargaonkar (2010)were 

calculated methodically. Standard cultural 

practices were followed to maintain good crop 

stand.  

 

Data collected were subjected to analysis of 

variance using SAS v. 9.4 program (SAS, 

2017).Genetic divergence was computed by 

multivariate analysis using Mahalanobis D
2 

statistics. The entries were congregated into 

clusters following Euclidean method as 

described by (Rao, 1952). 
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Results and Discussion 

 

The analysis of variance for all the thirty traits 

depicted significant differences (Table 1).The 

hierarchical cluster analysis of tocher’s 

method classified 37 super-early pigeonpea 

genotypes into 9 distinctive clusters (Table 3). 

Among the  nine clusters formed, cluster I and 

II turnedout to be the biggest cluster housing 

10 genotypes each whereas cluster VIII and 

IX housed single genotype each (Table 2). A 

close relationship was witnessed in the 

genotypes grouped under the same cluster 

than diverse clusters. The intra and inter 

cluster D
2
 values among 9 clusters are 

presented in Table 3.  

 

The dendrogram of 37 super-early pigeonpea 

genotypes depiciting the spatial position of 

each cluster in relation to others is presented 

in Fig.1. The intra-cluster distances ranged 

from 54.33 to 68.04. The maximum intra-

cluster distance was observed in cluster VI 

(68.04) followed by cluster III (63.09) and 

cluster I (59.48) portraying less genetic 

variability within the group making selection 

ineffective (Sreelakshmi and Shivani, 2015).  

 

The higher inter-cluster distance was 

observed between cluster III and IX (66.93) 

followed by cluster III and VIII (64.86) and in 

cluster VI and VIII(64.06) suggesting wider 

genetic diversity (Table 2, Fig:1). The 

genotypes in these clusters can be utilized as 

potential parents and crossing between these 

genotypes would result in high heterotic 

expression for yield attributes, physiological 

and quality traits. 

 

Thus deployment of genotypes from the 

above clusters in hybridization programme 

would reapnovel segregants (Dhubey et al.,  

2018). On the contrary, cluster IV and VIII 

(52.25) followed by cluster IV and VII 

(55.76) and cluster V and VII (56.44) showed 

the least inter-cluster distance, signifying a 

close relationship between the genotypes. 

Selection of such genotypes results in 

unproductive breeding. Similar reports were 

observed by Thombre et al.,  (2000), 

Sreelakshmi and Shivani (2015) and  Ramya 

et al., (2018). Cluster means for yield, yield 

attributes, physiological and quality traits are 

given in Table 4a, b and c respectively.  

 

A significant amount of variation among the 

cluster means for traits under study was also 

portrayed in the present study. Cluster IX 

revealed highest cluster mean for days to 50% 

flowering, days to maturity, plant height, 

canopy volume, yield hectare
-1

, dry mater 

content, leaf area and leaf area index at 

30DAS, 60 DAS and at maturity, crop growth 

rate and leaf area duration between (30DAS-

60 DAS) and  (60 DAS- Maturity). Cluster I 

testified highest cluster mean for number of 

primary branches plant
-1

, seeds pod
-1

,seed 

yield plant
-1

 and harvest index respectively.  

 

Cluster II topped for 100 seed weight whereas 

cluster VII crowned for net assimilation rate 

between (30DAS-60 DAS) and (60 DAS- 

maturity) and dal recovery. Cluster V and VI 

reported highest mean for protien and phenol 

content respectively (Table 4c).Trait wise 

coherent selection of genotypes from above 

clusters, yields desirable improvement in 

novel super-early pigeonpea. These findings 

are in agreement with Sreelakshmi and 

Shivani (2015), Patel et al., (2018), Rajamani 

et al.,  (2014) and Kumara et al.,  (2013). 

 

Among 30 traits under study, the highest 

contribution towards genetic diversity was by 

leaf area index at 60 DAS (26.71%) followed 

by leaf area (17.02) and leaf area index 

(12.71) at maturity. Least contribution was 

from protein content and dal recovery 

(0%).Figure 2, illustrates the contribution of 

each trait towards diversity. 
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Table.1 Analysis of Variance for yield, yield attributes and quality traits in 37 super-early 

pigeonpea genotypes 

 

Sl.No Traits Mean sum of squares 

    Replication 

(1) 

Genotypes 

(36) 

Error  

(36) 

1 Days to 50% flowering 2.61 10.44** 0.83 

2 Days to maturity 1.68 13.69** 3.05 

3 Plant height (cm) 0.01 857.62** 4.63 

4 Number of primary branches plant
-1

 2.30 0.83** 0.45 

5 Pods plant
-1

 0.41 86.67** 8.00 

6 Seeds pod
-1

 0.16 0.02** 0.00 

7 100 seed weight (g) 0.47 0.28** 0.01 

8 Canopy volume (cm3) 0.04 211510** 954.27 

9 Seed yield plant
-1

 (g) 2.29 4.45** 0.53 

10 Yield ha
-1

 (Kg) 2.37 140687** 46302.00 

11 Harvest Index (%) 0.04 50.76** 4.30 

12 Dry matter content (g) at 30 DAS 0.81 13.9** 0.39 

13 Dry matter content (g) at 60 DAS 1.19 50.31** 1.40 

14 Dry matter content (g) at maturity 2.27 200.06** 4.08 

15 Leaf area (cm
2
) at 30 DAS 1.77 4458.05** 6.90 

16 Leaf area (cm
2
) at 60 DAS 1.40 43076** 18.64 

17 Leaf area (cm
2
) at maturity 0.55 42761** 21.07 

18 Leaf area index  at 30 DAS 0.78 0.04** 0.00 

19 Leaf area index  at 60 DAS 1.36 0.46** 0.00 

20 Leaf area index at maturity 0.47 0.46** 0.00 

21 Crop growth rate (gm
-2

d
-1

) between 30 

DAS & 60 DAS 

0.51 15.85** 1.09 

22 Crop growth rate (gm
-2

d
-1

) between  60 

DAS & maturity 

3.50 26.799** 1.96 

23 Net assimilation rate  (gm
-2

d
-1

) between 

30 DAS & 60 DAS 

0.74 0.0001581** 0.00 

24 Net assimilation rate (gm
-2

d
-1

) between  

60 DAS & maturity 

1.21 0.000268** 0.00 

25 Leaf area duration between 30 DAS & 

60 DAS 

1.80 184.14** 0.10 

26 Leaf area duration between  60 DAS & 

maturity 

2.86 1135.11** 8.21 

27 Protein content (%) 16.98 0.15* 1.13 

28 Phenol content (mg GAE100g
-1

) 2.08 2580.88** 783.63 

29 Dal cooking time (min)  70.09 527.69** 0.29 

30 Dal recovery (%) 2.91 40.22** 1.50 

Note:* and **Significant at 0.05, 0.01levels of probability. 
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Table.2 Classification of 37 super-early genotypes into nine different clusters based on D
2 

analysis 

 

Table.3 Average intra and inter cluster distances (D
2 

values) for nine clusters of super-early 

pigeonpea genotypes 

 

Cluster I II III IV V VI VII VIII IX 

I 59.48 59.82 61.76 59.6 57.83 61.39 59.43 57.57 61.61 

II . 59.13 60.19 58.98 59.03 61.37 60.35 57.24 59.15 

III . . 63.09 60.17 62.25 62.40 61.65 64.86 66.93 

IV . . . 58.75 59.78 60.85 55.76 52.25 60.52 

V . . . . 58.93 61.41 56.44 60.56 58.29 

VI . . . . . 68.04 58.75 64.06 63.55 

VII . . . . . . 54.33 62.49 57.94 

VIII . . . . . . . 0.00 56.72 

IX . . . . . . . . 0.00 

Clusters Genotypes No of genotypes 

I ICPL  11242, ICPL  11255, ICPL  11256, ICPL  11300, ICPL  11318, ICPL  11326, 

ICPL  20328, ICPL  20337, ICPL  20340, MN1 

10 

II ICPL 11244, ICPL 11249, ICPL 11253, ICPL 11285, ICPL 11301, ICPL 11303, 

ICPL 20325, ICPL 20329, ICPL 20336, ICPL 20338 

10 

III ICPL 11245, ICPL 11298, ICPL 20326, ICPL 20335 4 

IV ICPL 11252, ICPL 11263, ICPL 11276, ICPL 20341 4 

V ICPL 11273, ICPL 20333 2 

VI ICPL 11259, ICPL 11279, ICPL 11296 3 

VII ICPL 11292, MN5 2 

VIII ICPL 11324 1 

IX ICPL 20327 1 

Total   37 
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Table.4a Cluster means of 37 super-early pigeonpea genotypes for eight quantitative traits 

 

Clusters DF DM PH NPB PPP SPP SW CV YP YH HI 

I 50.00 82.00 90.00 10.20 45.00 3.82 7.60 1431.00 14.80 1733.98 28.70 

 II 51.00 82.00 91.00 9.10 44.00 3.79 8.00 1492.10 13.90 1528.10 26.30 

 III 52.00 83.00 112.00 9.40 55.00 3.82 7.30 1706.70 14.40 1648.21 26.00 

 IV 47.00 79.00 58.00 8.80 31.00 3.63 7.50 910.90 12.20 1732.57 25.80 

 V 49.00 82.00 78.00 8.40 44.00 3.75 7.90 1251.20 14.00 1640.61 27.30 

 VI 52.00 84.00 87.00 8.70 37.00 3.78 7.40 1360.90 14.10 1473.85 28.40 

 VII 52.00 83.00 114.00 9.10 55.00 3.70 7.80 1867.40 14.50 1758.64 23.20 

 VIII 51.00 84.00 114.00 8.20 54.00 3.47 7.40 1745.80 13.30 1564.95 20.30 

 IX 54.00 84.00 129.00 7.80 44.00 3.66 7.30 1974.60 13.30 1943.28 17.80 

 

Table.4b Cluster means of 37 super-early pigeonpea genotypes for yield attributes 

 

Clusters DM  DM  DM  LA  LA  LA  LAI  LAI   LAI  CGR    CGR  

@30 @ 60 @ M @30 @ 60 @ M @30 @ 60 @ M 30-60DAS 60DAS-M 

I 12.62 26.64 56.56 220.63 664.17 545.14 0.73 2.19 1.80 15.41 23.49 

 II 11.71 24.37 53.39 204.07 615.01 495.94 0.67 2.03 1.64 13.96 22.29 

 III 13.79 28.59 61.15 195.19 588.39 468.75 0.64 1.94 1.55 16.24 24.98 

 IV 8.07 20.33 46.88 176.33 528.45 410.95 0.58 1.74 1.36 13.50 23.25 

 V 9.66 23.31 51.32 271.48 815.31 697.80 0.89 2.69 2.30 14.99 23.19 

 VI 12.64 25.19 54.55 172.10 518.76 399.93 0.57 1.71 1.32 13.85 22.23 

 VII 14.42 29.87 63.74 194.17 604.38 464.42 0.64 1.99 1.53 16.93 25.69 

 VIII 15.01 31.03 66.05 227.64 687.89 564.89 0.75 2.27 1.87 17.55 26.51 

 IX 17.42 35.91 75.85 327.76 1090.10 970.59 1.08 3.60 3.20 20.19 29.46 
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Table.4c Cluster means of 37 super-early pigeonpea genotypes for yield attributes and quality traits 

 

Clusters NAR  NAR  LAD  LAD  PC PhC CT DR 

30-60DAS 60DAS-M 30-60DAS 60DAS-M 

I 0.041 0.045 43.80 85.00 20.57 233.64 229.19 78.60 

 II 0.039 0.046 40.54 81.56 20.60 231.50 208.73 76.10 

 III 0.047 0.049 38.79 75.50 20.45 208.75 229.34 73.70 

 IV 0.043 0.050 34.89 59.48 20.69 273.89 212.63 79.80 

 V 0.036 0.038 53.80 104.29 20.74 171.11 220.05 81.60 

 VI 0.044 0.048 34.20 67.63 20.63 283.81 244.63 79.20 

 VII 0.048 0.050 39.53 76.90 20.62 235.33 211.06 82.80 

 VIII 0.042 0.040 45.32 89.90 20.47 166.65 205.02 80.90 

 IX 0.032 0.030 70.18 151.07 20.49 217.64 206.60 71.80 

 

Note 

DF - Days to 50% flowering HI - Harvest Index (%) CGR 30-60DAS- Crop growth rate (g/m
2
/d) between 30DAS & 

60DAS 

DM - Days to maturity DM@30 - Dry matter content (g) at 30 

DAS 

CGR 60DAS-M - Crop growth rate (g/m
2
/d)between  60DAS & 

maturity 

PH - Plant height (cm) DM@60 - Dry matter content (g) at 

60DAS 

NAR 30-60DAS - Net assimilation rate (g/m
2
/d) between 30DAS 

& 60DAS 

NPBR - Number of primary 

branches/plant 

DM@M - Dry matter content (g) at 

maturity 

NAR 60DAS-M - Net assimilation rate (g/m
2
/d) between  60DAS 

& maturity 

PPP- Pods / plant LA@30 - Leaf area (cm
2
) at 30 DAS LAD 30-60DAS - Leaf area duration between 30DAS & 60DAS 

SPP - Seeds/pod LA@60 - Leaf area (cm
2
) at 60 DAS LAD 60DAS-M - Leaf area duration between  60DAS & maturity 

SW - 100 seed weight (g) LA@M - Leaf area (cm
2
) at maturity PC- Protein content (%) 

CV- Canopy volume (cm
3
) LAI @30 - Leaf area index at 30 DAS PhC- Phenol content (mg GAE/100g) 

YP - Seed yield plant-1(g) LAI @60 - Leaf area index at 60 DAS CT- Dal cooking time (min)  

YH - Yield / ha (Kg) LAI @M - Leaf area index  at maturity DT-Dal recovery (%) 
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Figure.1 Dendrogram on clustering of super-early genotypes 
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Figure.2 Percent contribution of different characters towards genetic divergence in super-early pigeonpea genotypes 
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The traits with maximum contribution 

towards divergence should also be considered 

for selection of genotype in hybridization 

program for genetic improvement of 

pigeonpea. Sreelakshmi & Shivani (2015) 

reported days to 50% flowering, pods plant
-

1
and plant height contributing more to 

diversity whereas Patel et al., (2018) 

summarized plant height, days to 50% 

flowering, days to maturity and number of 

pods plant
-1

as traits owing to genetic 

diversity. 
 

Genetic diversity studies in super-early 

genotypes of pigeonpea aid the planning of 

crosses to exploit higher heterosis. The 37 

super-early pigeonpea genotypes in the 

present study were classified into nine 

distinctive clusters.Cluster III and IX (66.93) 

followed bycluster III and VIII (64.86) and 

cluster VI and VIII (64.06) depicted higher 

inter-cluster distance affirming wider 

divergence.  
 

Choice of genotypes from these clusters as 

potential parents in crop improvement would 

result  in  heterotic offsprings. Leaf area index 

at 60 DAS (26.71%) followed by leaf area 

(17.02) and leaf area index (12.71) at maturity 

contributed maximum to the diversity 

accentuating the role of physiological trait in 

addition to yield traits in pigeonpea 

improvement. 
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