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Abstract

Vegetable pea (Pisum sativum L. var. hortense) is a nutritionally and economically important legume, yet productivity gains have
remained limited despite expanded cultivation. This study evaluated 50 pea genotypes along with multiflowered genotypes for yield
potential relative to commercially grown single- and double-podded varieties. Significant genetic variability was observed for key agro-
morphological and yield-related traits, with yield per plant ranging from 78.0 g (single-podded VRPSel-17) to 176.0 g (multi-podded
VRPM-901-5). Traits including days to 50% flowering, total flowers per plant, branches per plant, pods per plant, plant height, and yield
per plant exhibited high phenotypic and genotypic coefficients of variation, heritability, and genetic advance, indicating strong genetic
control and substantial potential forimprovement through selection. Notably, pods per plant, total flowers per plant, and branches per
plant showed strong positive correlations with yield, highlighting their utility as reliable selection indices. Principal component analysis
revealed that the first three components accounted for 61.54% of total variation, with PC1 associated with total flowers, pods per plant,
and ten pod weight; PC2 with yield per plant, seeds per pod, and pod length; and PC3 with pod width and days to picking. Collectively,
yield- and pod-associated traits constituted the primary contributors to genetic divergence, enabling the effective discrimination and
selection of superior genotypes. The present findings identify critical target traits and superior multi-flowering genotypes VRPM-901-5,
BSW-136, BSW-2, VRP-343, and VRPE-52 for use in breeding programs aimed at enhancing pea productivity.
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Introduction

Vegetable pea (Pisum sativum L. var. hortense) is an
important crop of the Leguminosae family, having diploid
chromosome number of 2n = 2x = 24. It is widely cultivated
across temperate and subtropical regions for both its fresh
green pods and dry seeds. Historically, pea holds a pivotal
place in the history of genetics, being the model crop used
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53(1), 168-175. pea continues to offer multifaceted value-nutritional,

agronomic, and economic. The crop is utilized in various
forms, including fresh, frozen, and canned products, making
it highly versatile in culinary use (Nasir et al., 2024). Due to its
adaptability, high protein content, and economic relevance,
pea cultivation is widespread globally, particularly in Europe,
North America, Asia, and Australia (Millar et al., 2019). Recent
studies have also emphasized its role in managing lifestyle
diseases such as diabetes, cardiovascular disorders, certain
cancers, and degenerative conditions and make it crop
of international importance with high export potential
(Kumari & Deka, 2021; Sharma et al., 2023). India ranks as the
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second-largest producer of green peas globally, after China.
In 2022-23, green peas were grown on 0.59 million hectares,
producing 6.5 million tonnes with a record productivity of
11.0 tonnes per hectare (Agriculture Statistics at a Glance,
2022). Since 1990-91, pea production in India has grown
nearly 7.6-fold (from 0.85 to 6.50 million tonnes), whereas
productivity has increased about 2.3 times, from 4.8 to
11.0 MT/ha (Agricultural Statistics at a Glance, 1991-2023).
Despite the remarkable expansion in area and production,
the pace of productivity growth has remained relatively
modest. As India’s predominantly vegetarian population
increasingly relies on plant-based protein sources like peas,
the crop plays a crucial role in ensuring national food and
nutritional security. Therefore, focused efforts are needed
to develop high-yielding varieties with novel agronomic
traits to overcome the current yield plateau and meet future
demands.

Flowers have significant agricultural and economic
impact, as much of the human and livestock food is the
product of flowers (Stewart et al., 2016). With very limited
variation in the flower number/node, most of pea genotypes
generally have single or double flower/node, and multi-
flowers (MF i.e. bearing more than two flowers or pod on a
single peduncle) is rarest trait reported in Pisum (Devi et al.,
2018a; Mishra et al., 2020). Several economically important
legumes typically bear only 1-2 FPP, as seen in pea (L;
1-2) and chickpea (Cicer arietinum; 1-2), and lentils (Lens
culinaris Medik., 2-3). Breeders and researchers consistently
value this trait for its agricultural and evolutionary
significance, recognizing its variability among cultivars
and environmental conditions (Mishra et al., 2021; Hole
and Hardwick, 1976). The ICAR-Indian Institute of Vegetable
Research (ICAR-IIVR), Varanasi, has taken a leading role in
developing distinct multi-flowering (MF) pea genotypes
since 2015-16 onward. Notable examplesinclude ‘VRPM-905-
1" (INGR19077), which produces 3 to 5 pods per peduncle,
and ‘VRP-500" (INGR15009), which typically bears 3 pods
per peduncle, both have been officially registered with the
National Bureau of Plant Genetic Resources (NBPGR), New
Delhi. Among these, ‘'VRPM-901-5" has shown exceptional
yield potential, reaching up to 227 quintals per hectare (Devi
et al., 2021). These findings suggest that the MF trait holds
significant promise for boosting pod and seed yields in peas
and potentially other legume crops.

The present study aimed to evaluate the yield
performance of selected multi-flowering genotypes
developed from a stable population of multi-flowered
recombinant inbred lines (RILs). These genotypes were
compared with commercially cultivated single- and double-
podded varieties to assess their productivity and suitability
for pea improvement programs. Furthermore, genetic
variability, correlation analysis, and principal component
analysis (PCA) were conducted to identify the most
responsive traits contributing to overall variation.

Materials and Methods

Experimental site and material

The present study was conducted during the Rabi season of
2024-25 at the Experimental Farm of ICAR-Indian Institute of
Vegetable Research (IIVR), Varanasi (25°18'21" N, 82°52'37"E;
83 m AMSL). The experiment was laid out in a randomized
block design (RBD) with three replications. A total of 50
genotypes-including single-, double-, and multi-podded
types-were evaluated for yield performance.

Data observation and statistical analysis

The data was recorded on 12 agronomical traits. The traits
recorded included DTF (days to 50% flowering), DTP (days
to picking), TFP (total flowers per plant), BPP (branches per
plant), PPP (pods per plant), PL (pod length, cm), PW (pod
width, cm), PH (plant height, cm), SPP (seeds per pod), TPW
(ten pod weight, g), YPP (pod yield per plant, g), and SP
(shelling percentage). The heritability (h?) was categorized
as low when it ranges from 0 to 40%, moderate when it lies
between 40 to 60%, and high when itis above 60%. Similarly,
genetic advance (GA) as percentage of mean is classified as
low when it is 0 to 10%, moderate from 10 to 20%, and high
when it exceeds 20%. All the statistical analysis were done
with R SOFTWARE.

Results and Discussion

The analysis of variance (ANOVA) was performed to assess
the significance of genotypic differences among the 50
pea genotypes for various horticultural traits. The results
revealed highly significant differences (p < 0.01) among
genotypes for all the traits studied, including days to 50%
flowering, days to picking, pod length, pod width, seeds
per pod, total flower production, pods per plant, branches
per plant, yield per plant, and shelling percentage. Similar
observations were reported by Devi et al. (2023), who
also found wide genetic variation in pea germplasm for
flowering, pod, and yield-related traits.

Mean performance of genotypes

The evaluation of 50 pea genotypes revealed significant
variability across phenological, morphological, and
yield-related traits, indicating strong scope for genetic
improvement. Earliness and maturity traits showed wide
variation. Days to 50% flowering ranged from 32.3 to
69.0 days in double-podded genotypes, with early lines
such as Kashi Udai, Kashi Nandini, and VRPE-30 suitable
for early harvesting. Multi-podded genotypes flowered
relatively later (45.0-68.0 days), while the single-podded
VRPSel-17 (52.0 days) showed intermediate behaviour. Days
to picking ranged from 70.0 to 96.3 days (mean 84.0 days).
Double-podded types exhibited wider adaptability, whereas
multi-podded genotypes matured later (mean 91.4 days) due
to prolonged pod filling. This variability supports breeding
for diverse maturity groups (Table 1).
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Table 1: Mean comparison of single, double and multi-podded genotypes of peas for various horticultural traits

S.No.  Genotypes Pod bearing DTF  DTP  BPP PH TFP PPP PL PW TPW  SPP YpP SP

1. AP3 Double podded 3767 777 2.28 66.83 1943 14,67 8.86 1.36 7340 8.40 96.76 48.2
2. Arka Kartik Double podded 5133 90.0 3.22 8522 2093 1470 7.59 1.06 6843 647 96.61 46.6
3. Arkel Double podded 38.00 77.7 1.78 7150 1553 1167 9.27 1.04 7113 6.60 73.12 449
4. BHU-15 Multi-podded 68.00 96.0 1.83 79.23 40.00 1823 8.11 1.15 56.03 747 85.71 46.2
5. BSW-2 Multi-podded 45.00 917 2.60 113.20 54.40 3253 7.10 1.33 5233 547 13333 438
6. BSW-72 Multi-podded 5400 900 267 10013 3033 1887 660 123 5183 6.27 11470 497
7. BSW-74 Multi-podded 5400 889 203 12117 3350 2297 663 117 4713 670 12443 466
8. BSW-136 Multi-podded 50.00 826 310 5497 4397 2990 727 130 5360 643 14567 483
9. EC865920 (2) Multi-podded 65.00 887 244 7328 2677 1697 7.71 1.21 60.97 730 8899 423
10. EC865921 (3) Multi-podded 65.67 95.7 222 79.51 2860 1240 7.70 1.21 5413 6.67 61.73 44.0
11. EC865925 (7) Multi-podded 62.00 96.0 2.56 7750 55.67 23.80 7.90 1.16 5713 7.27 106.37 47.8
12. EC865944 (26) Multi-podded 64.00 93.0 1.28 8039 3797 2047 730 1.15 59.83 7.00 97.47 46.5
13. EC866018 100 Multi-podded 63.00 93.0 1.39 7976 3753 2147 777 1.18 65.13 7.00 106.77 414
14. Kashi Ageti Double podded 38.67 75.0 2.22 7056 1493 1193 876 1.32 86.23 8.07 89.89 48.9
15. Kashi Dhanvi Double podded 3933 710 1.56 5450 17.87 1233 8.64 1.29 76.27 8.20 98.00 50.6
16. Kashi Mukti Double podded 3800 767 178 5372 1480 11.60 927 142 7310 733 7235 483
17. Kashi Nandini Double podded 3333 727 139 5078 1543 980 852 125 7417 640 7044 474
18. Kashi Purvi Double podded 3633 713 1.28 63.11 1473 1147 8.85 1.23 76.80 8.20 73.27 495
19. Kashi Samridhi Double podded 69.00 963 256 6428 2620 2200 724 133 6540 6.93 11747 455
20. Kashi Shakti Double podded 54.00 89.0 1.94 73.28 2593 16.13 9.27 1.28 7280 7.53 100.58 46.0
21. Kashi Tripti Double podded 5333 85.0 1.83 9339 2487 20.07 992 1.76 7510 7.07 132.05 50.2
22. Kashi Udai Double podded 33.00 70.0 1.28 3839 1433 847 8.16 1.30 7553 733 63.25 48.4
23. PC-531 Double podded 50.00 88.7 1.78 63.78 25.00 1833 10.18 1.16 72,00 8.3 103.61 51.0
24. PMRNIL-1 Double podded 5933 947 1.28 5290 2487 16.77 8.83 1.33 7277 793 101.63 484
25. PMRNIL-2 Double podded 59.00 940 221 59.75 29.17 1843 800 1.71 8540 7.83 12790 479
26. PMRNIL-3 Double podded 66.00 937 1.63 69.17 20.00 1707 759 177 6880 733 89.07 489
27. PMRNIL-4 Double podded 5800 953 150 6444 2933 17.00 756 181 69.70 7.87 8357 482
28. PMRNIL-5 Double podded 5833 943 1.93 64.14 1873 1643 8.14 1.77 7227 783 91.83 47.2
29. VL Matar-13 Double podded 5200 820 200 6444 2933 1747 962 133 7837 873 11874 460
30. VRP-343 Double podded 55.00 883 2.55 67.28 2720 20.73 8.45 1.38 83.73 753 147.19 482
31. VRP-386 Double podded 60.00 87.2 244 94.89 4953 17,67 7.06 1.01 79.60 8.33 12637 46.0
32. VRP-500 Multi-podded 56.00 85.3 1.95 6795 2860 1440 7.64 1.30 64.10 8.13 89.62 47.0
33. VRP-918 Double podded 3933 75.0 1.33 6539 2093 16.67 8.44 1.03 6147 7.27 96.19 48.6
34. VRPE-17 Double podded 45.00 820 2.1 52.06 23.00 1867 830 1.26 65.27 6.60 110.06 445
35. VRPE-19 Double podded 3633 753 1,67 5544 1587 1093 742 123 8297 733 8330 474
36. VRPE-30 Double podded 3400 750 150 4572 1520 1280 828 130 7270 7.67 8887 473
37. VRPE-49 Double podded 3500 783 1.83 5067 1560 1293 864 132 7813 800 9727 447
38. VRPE-52 Double podded 3867 760 1.67 5945 21.80 1933 848 133 8840 7.67 133,67 487
39. VRPE-60 Double podded 4333 823 1.89 79.22 2640 20.20 8.48 1.23 6490 7.27 106.57 457
40. VRPE-64 Double podded 3233 767 1.83 59.11 19.40 1393 8.25 1.18 65.80 7.67 88.51 47.3
41. VRPE-66 Double podded 4233 737 2.84 62.28 20.67 1493 10.00 1.08 73.70 9.00 91.97 50.6
42. VRPE-115 Double podded 34.00 753 2.00 59.22 2627 21.00 879 1.12 7277 873 12426 526
43. VRPE-916 Double podded 41.00 79.0 1.44 65.06 1760 12,60 8.48 1.10 7163 753 84.92 449
44, VRPE-953 Double podded 4033 793 2.28 61.28 2040 19.13 849 1.21 82.80 7.80 11570 499

Cont...
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45. VRPE-955 Double podded 42.00 76.3 222 69.17 2873 13.00 8.86 1.29 77.60 837 91.64 47.9
46. VRPE-964 Double podded 4633 827 2.17 68.56 2590 1893 8.54 1.32 7453 747 12698 40.8
47. VRPM-107 Double podded 53.00 83.0 2.50 7750 2293 1410 1065 1.35 8437 9.73 115.16  51.0
48. VRPM-501 Multi-podded 61.00 89.7 261 64.67 3470 17.87 8.64 1.48 7560 7.27 11863 478
49. VRPM-901-5 Multi-podded 55.00 86.3 3.07 5533 6280 3747 790 1.27 5517 6.80 176.00 47.8
50. VRPSel-17 Single podded 52.00 823 2.80 103.27 3413 21.83 6.80 1.17 49.00 6.53 78.00 47.6
CV (%) 4.87 3.8 1411 8.95 1490 5.90 4.45 6.24 5.66 5.33 12.87 6.2
Mean 49.15 85.19 2.05 69.34 2696 1746 8.30 134 69.80 7.0 103.12 47.88
CD 5% 3.87 4.18 0.46 10.05 6.50 3.71 0.59 1.16 6.39 0.64 21.50 4.90

Plant architecture traits also varied considerably. Multi-
podded genotypes showed higher vegetative vigor, with
greater plant height and branching (e.g., BSW-74, BSW-136),
supporting enhanced assimilate production. Double-
podded types displayed wider variation in plant height
(38.39-94.89 cm) and moderate branching, with promising
entries like Arka Kartik and VRPE-66. The single-podded
VRPSel-17 exhibited tall stature and good branching,
indicating that podding habit does not restrict vegetative
growth. Reproductive traits such as total flower production
(TFP) and pods per plant (PPP) showed marked differences.
TFP ranged from 14.33 to 62.80 (mean 26.96), with multi-
podded genotypes outperforming others (mean 38.69), as
seen in VRPM-901-5. PPP ranged from 8.47 to 37.47 (mean
17.46), with multi-podded genotypes again dominating due
to higher pod-bearing nodes. However, efficient flower-
to-pod conversion in some double- and single-podded
lines highlights their breeding value. Pod traits reflected
contrasting yield strategies. Pod length ranged from 6.60
to 10.65 cm, with double-podded genotypes producing
longer pods (e.g., VRPM-107, PC-531), desirable for market
preference. Pod width ranged from 1.01 to 1.81 cm, with
double-podded types showing superiority in seed packing.

In contrast, multi-podded genotypes had relatively smaller
pods but compensated through higher pod numbers. Seed
traits further demonstrated variability. Seeds per pod ranged
from 5.47 to 9.73, with double-podded genotypes such
as Kashi Ageti and Kashi Dhanvi performing consistently
well. Ten-pod weight ranges from 47.13 to 88.40 g (mean
69.80 g), indicating good selection potential. Multi-podded
genotypes, though slightly lower in seeds per pod, offset
this through higher pod numbers. Yield per plant averaged
103.12 g, with multi-podded genotypes recording the
highest yields, particularly VRPM-901-5 (176.00 g). Double-
podded genotypes showed moderate to high yields, while
the single-podded type remained below average. Shelling
percentage exceeded 50% in several genotypes, indicating
efficient seed recovery. Overall, multi-podded genotypes
excelled in yield, whereas double-podded types were
superior in pod size and seed traits, offering complementary
potential for breeding improved cultivars.

Phenotypic and genotypic coefficients of variation
(PCV and GCV)

Based on the classification proposed by Sivasubramanian
and Madhavamenon (1973), traits exhibiting high genotypic

Table 2: Assessment of genetic variability, heritability, and potential genetic gain for yield traits in 50 vegetable pea genotypes

Trait GCV (%) PCV (%) Heritability Genetic advance
Days to 50% flowering (DTF) 22.13 22.66 95.3 44,52
Days to picking (DTP) 3.40 4.54 56.1 5.24
Total flower produced (TFP) 40.66 43.30 88.1 78.64
Branches per plant (BPP) 23.95 27.79 743 42.53
Pods per plant (PPP) 30.61 33.31 84.4 57.95
Pod length (PL) 10.54 11.44 84.8 20.01
Pod width (PW) 5.30 53.66 0.98 1.08
Plant height (PH) 23.36 25.02 87.1 44.93
Seeds per pod (SPP) 10.17 11.48 784 18.56
Ten pod weight (TPW) 14.47 15.54 86.7 27.76
Yield per plant (YPP) 21.30 24.89 73.2 37.55
Shelling percentage (SP) 18.45 19.52 89.51 17.23

GCV: Genotypic Coefficient of Variation (%) and PCV: Phenotypic Coefficient of Variation (%).
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(GCV) and phenotypic coefficients of variation (PCV) (>20%)
included days to 50% flowering, total flowers produced,
branches per plant, pods per plant, plant height, and yield
per plant. These traits showed a high degree of genetic
variability, suggesting greater potential for improvement
through selection. Traits such as pod length, seeds per pod,
and ten pod weight displayed moderate GCV and PCV values
(10-20%), indicating moderate variability, which also offers
scope for genetic enhancement, though to a lesser extent
compared to high variability traits (Table 2).

Heritability and genetic advance

Most traits in the present study exhibited high heritability
(>60%), indicating a strong genetic influence on trait
expression. Traits such as days to 50% flowering (95.3%), total
flowers produced (88.1%), branches per plant (74.3%), pods
per plant (84.4%), pod length (84.8%), plant height (87.1%),
seeds per pod (78.4%), ten pod weight (86.7%), and yield
per plant (73.2%) all fell under the high heritability group.
Among these, most also showed high genetic advance
(>20%), highlighting the predominance of additive gene
action and suggesting that these traits can be effectively

improved through selection. Traits like days to picking,
with moderate heritability (56.1%) and low genetic advance
(5.24%), suggest a greater environmental influence and
limited selection gain. Similarly, pod width showed very
low heritability (0.98%) and low genetic advance (1.08%),
implying that this trait is largely governed by environmental
factors and may not respond well to selection. Similar
findings were reported by Aziz et al. (2021), who observed
high heritability coupled with substantial genetic gain for
traits such as seeds per pod, branches per plant, and pod
yield, suggesting the predominance of additive gene effects
and highlighting their suitability for improvement through
selection.

Correlation of traits

The traits pod per plant, total flowers per plant, and branches
per plant showed significant and strong positive correlations
with yield per plant, making them reliable selection indices
for yield improvement (Table 3). Notably, total flowers per
plant showed a highly significant positive correlation with
branches per plant, pods per plant, and plant height at both
genotypic and phenotypic levels. This indicates that plants

Table 3: Inter-trait relationship analysis based on genotypic (g) and phenotypic (p) correlations

Trait DTP TFP BPP PPP pL PW PH SPP TPW YPP sp
G 0379" 0559" 0285° 0414 -0350°  0093%  0416"  -0.160" -0382"  0244"  -0.002'
ot P 0261  0508"  0242° 0354"  -0321"  -0013% 0378"  -0.152,, -0350" 0.187°  -0.007"S
G 1000 05227 0859* -0443"  -1.049" 0464  -0328"  -0.575" 0624"  0.027"
T P 1000 0405  0753°  -0.398"  -0.084% 0406  -0285"  -0.484" 0509  0.025"
G 1000 0543 -0212% -1.130"  0362"  -0.178"  -0284° 0535  -0.043%
i P 1000  0450"  -0.157%  -0.139%  0291"  -0.138%  -0.198° 0423  -0.033"
G 1000  -0382"  -0936** 0393"  -0403"  -0545" 0794"  0.096"
PP P 1.000°  -0317°  -0015™  0332°  -0357"  -0463° 0790"  0.078"
G 1.000°  0359°  -0403"  0677* 0619  -0.080%  -0.135"
i P 1000 0034  -0354"  0556" 0523  -0.051%  -0.118"%
G 000"  -0.867° 0.530°  0730" -0767" -0.363"
i P 1000  -0.008%  -0.029™  0.101M 0034% 0067
G 1.000%  -0369"  -0.529" 0206 0440~
o P 1.000"  -0312°  -0465" 0143 0369
G 1.000°  0668"  -0.051"  0.000"s
°FF P 1000 0562  -0.068"  -0.023%
G 1000 -0.035%  -0.229'
TPW
P 1.000°  0013%  -0.201%
G 1.000"  -0.035%
YPP
P 1.000"  0.056"
G 0.023"
DTP
P 00431

*: Significant at p < 0.05; **: Significant at p < 0.01; P: phenotypic correlation; G: genotypic correlation; DTF: days to 50% flowering; DTP: days to
picking; TFP: total flower per plant; BPP: branches per plant; PPP: Pods per plant; PL: pod length (cm); PW: pod width (cm), PH: plant height (cm);
Seeds per pod (SPP); TPW: Ten pod weight (g); YPP: pod yield per plant (g), and SP: shelling percentage.
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with more branches and greater height tend to produce
more flowers and pods, forming a strongly interconnected
cluster contributing to yield potential. Pod length showed a
strong positive correlation with both seeds per pod and pod
weight, suggesting that longer pods contribute to higher
seed numbers and greater weight, which are desirable
traits for yield improvement. In addition, seeds per pod
and ten pod weight also exhibited a strong and significant
correlation, highlighting their functional interdependence.
Similar associations among pod length, seed traits, and yield
components were reported by Bhardwaj et al. (2020), who
found that plant height, pod length, and 100-seed weight
were positively correlated with yield in garden pea.

Principal component analysis

Principal Component Analysis (PCA) revealed that the
first three components accounted for 61.54% of the total
variance, with PC1 contributing 35.68%, PC2 14.65%, and
PC3 11.21% (Table 4). The first six components together
explained 85.09% of the variability, demonstrating their
efficiency in capturing most of the trait variation for further
genetic analysis and selection. PC1, explaining the maximum
variance, was mainly associated with total flowers produced,
pods per plant, and ten-pod weight, underlining their
central role in genetic divergence. PC2 reflected variation
in yield per plant, seeds per pod, and pod length, thereby
highlighting yield and seed-related attributes. PC3 showed
strong contributions from pod width and days to picking,
indicating the influence of pod dimension and maturity
traits. PC4 was largely explained by seeds per plant and
plant height, while PC5 represented major variation from
pod width. PC6 showed higher loadings from days to 50%
flowering and seeds per pod, reflecting reproductive timing.
Later components (PC7-PC12), each explaining <5% of
variance, captured minor trait-specific differences. Overall,

Table 4: Eigenvalues and percentage of variance explained by
principal components in the studied genotypes

Principal Eigenvalue Per;entage of Cumulative
component variance (%) variance (%)
PC1 4.28 35.68 35.68

PC2 1.76 14.65 50.33

PC3 1.35 11.21 61.54

PC4 1.14 9.47 71.01

PC5 0.90 7.49 78.50

PC6 0.79 6.60 85.09

PC7 0.60 5.04 90.13

PC8 0.42 3.54 93.67

PC9 0.37 3.12 96.79

PC10 0.19 1.60 98.39

PC11 0.15 1.23 99.62

PC12 0.05 0.38 100.00

yield-and pod-related traits emerged as the key contributors
to total genetic variation.

In the PCA, different traits contributed variably to the
formation of distinct components. Days to 50% flowering
showed its maximum contribution (31.04%) towards PC6,
followed by PC10 (27.47%) and PC3 (13.69%) (Table 5). Days
to picking was predominantly associated with PC3 (40.10%),
PC6 (16.56%), and PC5 (13.17%). Total flowers produced
contributed highly to PC10 (34.27%) and PC11 (31.57%), while
amoderate effect was observed in PC1 (17.01%). Branches per
plant had the strongest influence on PC7 (50.08%) and PC9
(15.66%). Similarly, pods per plant contributed mainly to PC12
(54.88%), followed by PC1 (16.95%). Pod length was heavily
loaded on PC8 (64.46%) with a moderate contribution from
PC2 (13.25%). In contrast, pod width showed its highest
contribution to PC5 (53.88%) and PC3 (23.93%). Plant height
contributed most strongly to PC9 (37.86%) and PC7 (18.92%).
Seeds per pod had higher contributions in PC2 (15.02%),
PC6 (16.15%), and PC11 (19.18%). Similar results were also
reported by Shubha et al. (2019), who found that pod yield,
pod length, and seed count were the most influential traits
contributing to the principal components in garden pea
genotypes.

The PCA biplot provided clear insights into the
distribution of pea genotypes and the contribution of
different traits to overall variability (Figure 1). The first two
principal components (PC1 and PC2) together explained
50.33% of the total variance, with PC1 (35.7%) being
primarily associated with yield-related traits such as yield
per plant, pods per plant, and total flowers produced, while
PC2 (14.6%) was mainly influenced by pod-related traits
including pod length, seeds per pod, and ten pod weight.
Genotypes positioned on the right side of the biplot, such
as VRPM-901-5 and BSW136, showed strong associations
with yield traits, whereas VRPE66 and VLMatar13 aligned
with pod length and seed traits. Maturity and growth-
related traits like days to picking, days to 50% flowering,

PCA - Biplot

VRPM107 VRPM9015"
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RE66
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Dim2 (14.6%)
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i
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Figure 1: PCA biplot showing trait contributions and distribution of
pea genotypes based on morphological traits
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Table 5: Percentage contribution of different traits to principal components (PC1-PC12) in the studied genotypes

Traits PC1 PC2 PC3 PC4 PC5 PCé PC7 PC8 PC9 PC10 PC11 PC12
DTF 8.26 0.26 13.69 2.82 11.86 31.04 271 0.64 0.10 27.47 0.74 0.41
TFP 17.01 4.12 0.01 0.53 0.35 6.44 4.06 0.21 0.20 34.27 31.57 1.25
BPP 8.07 10.12 0.07 0.29 7.10 4.56 50.08 1.75 15.66 0.75 1.49 0.06
PPP 16.95 7.83 0.03 0.17 6.11 0.68 4.50 2.96 0.03 1.82 4.04 54.88
PL 9.85 13.25 0.01 4.21 0.44 0.47 0.93 64.46 0.17 1.80 4.17 0.24
PW 0.64 1.52 23.93 3.40 53.88 3.58 10.72 0.07 1.97 0.01 0.23 0.05
PH 9.98 3.05 4.27 13.83 0.40 3.77 18.92 0.74 37.86 3.47 3.34 0.38
SPP 8.20 15.02 0.35 11.30 1.73 16.15 0.23 4.78 8.60 13.46 19.18 1.00
TPW 12.74 10.55 2.79 1.87 0.32 130 0.03 20.25 20.50 0.62 19.37 9.65
YPP 7.28 25.86 1.92 2.50 3.59 9.36 3.54 0.98 5.30 143 743 30.82
DTP 0.12 5.07 40.10 6.43 13.17 16.56 1.12 2.40 0.07 12.69 1.03 1.25
SP 0.91 3.36 12.83 52.65 1.04 6.10 3.17 0.77 9.55 2.20 7.41 0.02

Where DTF: days to 50% flowering; DTP: days to picking; TFP: total flower per plant; BPP: branches per plant; PPP: Pods per plant; PL: pod length (cm);
PW: pod width (cm), PH: plant height (cm); Seeds per pod (SPP); TPW: Ten pod weight (g); YPP: pod yield per plant (g), and SP: shelling percentage.

and plant height contributed more toward the lower-right
guadrant, grouping genotypes such as BHU-02, BHU-26,
and VRP-Sel-17. Outlier genotypes like VRPM-901-5 and
BSW-74 indicated unique trait combinations. Collectively,
the analysis highlights that yield- and pod-related traits were
the key drivers of genetic divergence among the studied
genotypes.

Conclusion

This study evaluated multi-flowering genotypes against
single- and double-podded varieties, revealing significant
genetic variability in agro-morphological and yield traits.
Yield per plant ranged from 78.0 to 175.7 g. Traits including
days to 50% flowering, total flowers, branches, pods per
plant, plant height, and yield exhibited high PCV, GCV,
heritability, and genetic advance, indicating strong genetic
control. Pods per plant, total flowers, and branches showed
strong positive correlations with yield, making them key
selection indices. PCA highlighted yield- and pod-related
traits as major contributors to divergence. These findings
identify critical target traits and superior multi-flowering
genotypes VRPM-901-5, BSW-136, BSW-2, VRP-343, and
VRPE-52 for use in breeding programs aimed at enhancing
pea productivity.
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