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Assessment of genetic variability for agro-morphological traits of Vegetable Pea (Pisum sativum var. hortense. L.) under Bundelkhand region  

Abstract 	Comment by RAJNEESH KUMAR: Mention location and year of study
This study aimed to assess the genetic variability for agro-morphological traits of vegetable pea (Pisum sativum var. hortense.L) under the Bundelkhand region. A total of 15 pea accessions were collected from different regions of Uttar Pradesh and evaluated for various agro-morphological traits. The data were recorded for Days to first flowers initiation (DFFI), Days to 50% flowering (D50F),Shelling % (S%), Total soluble solids(TSS%),Days to first fruit set (DFFS), Days to maturity(DTM), Pod length (PL), Number of seed per pod(NSP), Plant height(PH), Number of pod per plant (NPP),Number of primary branch per plant (NPBP), Pod weight (PW) and Green pod yield (kg/ha )(GPY). Based on the phenotypic data and Tukey honest test, a few genotypes were identified as superior for different traits. For example, Kasha Sakti showed the highest TSS during both growing seasons, while Kashi Nandani exhibited the highest green pod yield in both years. Pusa Shree was the earliest entry for DFFI in 2019-20, and Kashi Samridhi was the late entry for DFFI in both years. Principle component analysis revealed that the first four principle components contributed to 68% of the total variation, and these four were given due importance for further explanation. Overall, the study indicates that the genetic diversity for agro-morphological traits in pea accessions under Bundelkhand region is high, which can be harnessed for the development of high-yielding varieties.	Comment by RAJNEESH KUMAR: Mention 5 keywords related to study

Introduction  
Garden Pea (Pisum sativum L. var. hortense), 2n=2x=14, which is one of the most important legume vegetables grown throughout the temperate regions of the world (Ceyhan and Avci, 2005).  It is nutritionally enriched with digestible protein, macro and mirco nutrients. About 100 gm edible portion fresh weight basis contain 308 k cal energy, 18.44 g protein, 1.4 g fat, 26g fiber,42.8g carbohydrate,295mg phosphorus,3.5mg iron,116mg magnesium and 138µg per 100g vitamin B9 (FAO,2016).These nutritional properties make it a super food capable in global dietary needs of undernourished people (Devi et al., 2018). The Bundelkhand region of India is known for its diverse agro-climatic conditions, which make it suitable for the cultivation of a wide range of crops, including vegetable pea.. In Our country, Uttar Pradesh is the largest producer of vegetable pea with an area of 5,40,000 ha and production of 54,22,000 MT. The Bundelkhand region contributes 57.50 % to the area and 61.15 % to the production in Uttar Pradesh. The area and production of Vegetable Pea in the Jalaun district of Bundelkhand is highest followed by Lalitpur, Jhansi, Mahoba, Hamirpur, Banda and Chitrakoot (Horticulture statistics at a glance, 2018).  It is also planted on the hills as a summer crop. It is primarily planted for tender, immature seeds that are harvested for use as vegetable.  It has a high concentration of two important amino acids (tryptophan and lysine) that are deficient in cereals. Vegetable peas have the highest protein digestibility of all the pulses, at 93.3 percent, as opposed to the other pulses range of 59.5 to 90.7 percent. India is the largest producer of garden pea covering 552000 hectares with 55,62,000 million tons production. (NHB, 2018-19). The presence of genetic variability for the desired traits plays a crucial role in crop improvement programs to develop desirable commercial cultivars (Tiwari & Lavanya, 2012). The Varietal development programme in any crop depends on the genetic variability present in the available genetic resource. Greater the variability in the available germplasm, better would be the chances of selecting superior genotypes (Simmonds, 1962). 
To improvement of garden pea there is need of germplasm evaluation for the genetic improvement to develop desired high yielding garden pea genotype in bundelkhand region of Uttar Pradesh .yield production of garden pea genotype cannot be solely achieved through direct selection because yield is a trait which depend on various agro morphological traits (Kumar et al.,2019).in vegetable pea breeding programs,assisment of genetic variation for different agro morphological traits like days to flowering, vine length ,pod length, and seed weight.(Pallavi and Pandey, 2013).The variability parameters especially Tukey honest test and PCA are reliable indicators for selection of parents for improvements of characters in a particular genetic materials through selection .therefore selection of genotypes on the basis of agro morphological basis, selection intensity, and expected genetic gain farther gives the idea to extent of improvement in a characters through simple selection. The present study therefore taken up to estimate the parameters of variability in garden pea .so that the desired targets are achieved.  Principle component analysis is a mathematical procedure that transforms a number of (possibly) correlated variable into a (smaller) number of uncorrelated variable called principle components analysis (Chatfield and Collis 1980).The first principle component accounts for as much of the variability in the data as possible and each succeeding component account for as much of the remaining variability as possible, The objective of principle component analysis are to identify to reduce the dimensionality of the data set and to identify new meaningful underlying variables (Jollife, 2002). However, the genetic variability for agro-morphological traits of pea accessions under the Bundelkhand region has not been well documented. Therefore, this study aimed to assess the genetic variability for agro-morphological traits of vegetable pea under the Bundelkhand region

Materials and Methods 
During two year study period viz.winter season of the year 2019-20 and 2020-21 a total 15 genotype were raised under normal field condition and fallow standard agronomical package and practice were used to ensure proper expression of the genotypes. The experiment was designed in a Randomized Block Design (RCBD), The experiment consisted of 4 rows of 2 meters length for each genotype, with a row to row distance of 30 cm, The experiment was conducted at vegetable research farm at College of Horticulture, Banda University of Agriculture & Technology, Banda, Uttar Pradesh, India  (24053’ and 25055’N, and 80007’ and 81034’E 123 m ASL).Diverse vegetable pea genotypes were utilized, which were collected from various regions of Uttar Pradesh, including IIVR, IARI, PAU, GBPUAT, Varanasi, and Banda. The genotypes were named Kashi Ageti, Kashi Mukti, Kashi Nandani, Kashi Samridhi, Kashi Shakti, Kashi Udai, PB-89, PSM-3, Pusa Pragati, Pusa Praval, Pusa Shree, Banda Local-1, Banda Local-2, Varanasi Local-1, and Varanasi Local-2. These genotypes were likely selected for their diversity in terms of their genetic makeup, agronomic traits, and geographic origin, in order to obtain a more comprehensive understanding of the range of variation in the pea crop and identify potentially valuable genotypes for future breeding programs. 14 observations were recorded on 5 randomly selected plants per genotype for several different traits, including viz Days to first flowers initiation, Days to 50% flowering, shelling % ,total soluble solids, days to first fruit set,  days to maturity,  pod length, number of seed per pod ,plant height, number of pod per plant, number of primary branch per plant, pod weight ,green pod yield (kg/ha )
The average trait values on 15 genotypes were used analysis of variance (ANOVA) using SPAR 2.0 Package. Tukey’s method initially called ‘Honestly significant difference’ was adopted to estimate pairwise mean comparison of all agronomic traits using Statistical Tool for Agricultural Research (STAR) 2.0.1 software package (Gulles et. a,l 2014). The principle component analysis (PCA) was calculated with correlation matrix among yield and yield component traits  Statistical Tool for Agricultural Research (STAR) 2.0.1 (Gulles et. al, 2014). The phenotypic and genotypic coefficient of variation, heritability (Broad Sense), genetic advance, genotypic and phenotypic correlation coefficients and path coefficient analysis were estimated by using SPAR 2.0 Package (Ahuja et. al, 2008).

Result and Discussion 
The experimental materials used in the study have demonstrated great variability for the different traits studied. Genetic variability is an important factor in enhancing the genetic gain or breeding value in crop plants. It allows for the selection of desirable traits in the breeding process and can lead to the development of improved cultivars. Landraces are known for their broad adaptability and sustainability in their habitat. They are considered to be a reservoir for all desirable genes, which might change the crop scenario in different ways. As such, they can be an important resource for plant breeders looking to develop cultivars that are well adapted to specific environments and have desirable traits.The presence of genetic variability in the genotypes used in the study offers a valuable resource for future breeding efforts and highlights the importance of preserving and utilizing genetic diversity in crop plants.
Analysis of variance (ANOVA) given in the (Table 1).  Was performed with two year data for estimation of interaction of environment and genotypes performance. The variance shows that FFI, D 50%, S %, DFFS, DTM, PL, NSP and PH are significantly influenced by environment however, TSS, NPP, NPBP, PW and GPY (kg/ha) were non significant. Replication effect in each environment was non significant except TSS and PW. Genotypes showed highly significant differences on the study showing that there is a significant variation present in the material. Environment into genotype interaction what’s significant for highly significant for all study traits accept D5%F, DTM, NPBP and PW.
Tukey honest test was conducted to analyze the effects of genotype, year, and entry on various traits. Significant differences were observed for the traits of DT 50%F, DTM, NPB, and PW, indicating that these traits were affected by the genotype, year, or both. The significant differences suggest that certain genotypes or years were more favorable for the expression of these traits. In addition, the test results also revealed that there was a significant two-way interaction between entry and year for the traits of TSS and GPY. This suggests that the performance of different entries varied significantly across different years for these traits, indicating that certain entries were more adaptable to different environmental conditions than others. Tukey honest test provided insights into the effects of genotype, year, and entry on various traits and highlighted the importance of considering two-way interactions when analyzing trait performance.
Principal component analysis (PCA) was conducted to identify associations between different traits and yield, as well as grouping patterns among different vegetable pea genotypes based on these traits. The first four principal components were found to account for approximately 68% of the total variability in the data, with eigenvalues greater than 1.0. The first principal component (PC1) accounted for 30.33% of the variation, while PC2 accounted for 18.04%, PC3 accounted for 12.0%, and PC4 accounted for 8.0%. These results suggest that the majority of the variation in the data can be explained by the first four principal components, with PC1 explaining the largest amount of variation. The specific traits that are most strongly associated with each of these principal components will need to be identified through further analysis. in addition, the grouping patterns of the different vegetable pea genotypes based on their trait performance will also need to be further analyzed. This information could potentially provide insights into which genotypes are most adapted to specific growing conditions or have traits that are most favorable for high yield. The use of PCA can be a useful tool for identifying complex patterns and associations within large datasets, particularly in cases where there are many variables and a need to reduce dimensionality.
Mean performance of different traits in different environment:
The mena performance for different traits in different environment presented in table 2. The variability for DFFI (Days to First Flower Initiation) ranges from 24.0 to 39.0 with a mean value of 38.13 in ENV1. This indicates that there is a considerable variation among the genotypes in terms of the time taken to initiate flowering. In ENV2, the variability for DFFI ranges from 39.0 to 57.04 with a mean value of 57.04. This indicates that the genotypes in this environment took longer to initiate flowering compared to ENV1. The wide range of variability for DFFI suggests that there is significant genetic variation among the genotypes for this trait. Identifying genotypes with early or delayed flowering can be important for improving crop productivity and yield. 
The variability of Days to 50% flowering for two different environments, ENV1 and ENV2.For ENV1, the Days to 50% flowering ranges from 30.0 to 62.0, with a mean value of 45. This suggests that there is a considerable range in the timing of flowering in this environment, but on average, plants tend to flower around the 45-day mark. For ENV2, the Days to 50% flowering ranges from 35 to 67, with a higher mean value of 49.41. This suggests that, on average, plants take longer to flower in ENV2 compared to ENV1, but there is still a similar range in flowering times. It seems that in ENV1, the variability of shelling percentage ranges between 35.53 to 52.86, with a mean value of 45.73. In ENV2, the range is between 40.22 to 50.0, with a mean value of 43.66. Shelling percentage is a measure of the proportion of a crop that is removed during the shelling process. For TSS% (Total Soluble Solids), the range of values is between 10 to 18 in ENV1, with a mean value of 14.64. In ENV2, the range is between 13.75 to 16.0, with a mean value of 14.42.  The variability of days to first fruit set (DFFS) in two different environments, ENVI and ENV2. The variability of DFFS in ENVI ranges from 33.0 to 66.0 with a mean value of 50.02, while in ENV2, the variability ranges from 47.0 to 81.0 with a mean value of 62.76.i t can be inferred that there is more variability in DFFS in ENVI compared to ENV2, as the range of DFFS is narrower in ENV2. However, the mean DFFS value is higher in ENV2 compared to ENVI, which suggests that plants in ENV2 may take longer time to produce their first fruit.
The variability of days to maturity (DTM) for two different environments, ENV1 and ENV2. In ENV1, the DTM ranges from 50.0 to 91.0 with a mean value of 69.71, while in ENV2, the DTM ranges from 56.0 to 95.0 with a mean value of 72.40. it can be inferred that there is more variability in DTM in ENV2 compared to ENV1, as the range of DTM is wider in ENV2. However, ENV2 also has a higher mean DTM value compared to ENV1. The mean performance of pod length (PL) in different environments. the mean performance of PL in ENV1 ranges between 5.0 to 8.60, with a mean value of 7.14. In ENV2, the range is between 5.0 to 8.4, with a mean value of 6.74. The range and mean values of PL could be considered high, low, or typical depending on the type of plant. The mean performance of number of seeds per pod (NPS) in different environments. In ENV1 varies from 5.0 to 9.2, with a mean value of 6.94. In ENV2, the range is between 4.20 to 7.40, with a mean value of 5.45. higher mean value of NPS could indicate better plant productivity. In ENV1, the range of PH is between 24.6 and 50.60, with a mean value of 32.77. This indicates that the plants in ENV1 generally have a shorter height compared to those in ENV2, as the range of PH in ENV2 extends up to 76.0. In ENV2, the range of PH is between 21.0 and 76.0, with a mean value of 48.49. This suggests that the plants in ENV2 generally have a taller height compared to those in ENV1. The performance of the trait "plant height" is influenced by the environment in which the plants are grown.  Number of pod per plant (NPP) has been measured in two different environments (ENV1 and ENV2), in ENV1 range of NPP is between 1.02 and 22.6, with a mean value of 7.43. This indicates that the plants in ENV1 generally produce a lower number of pods per plant compared to ENV2 and the range of NPP in ENV2 the range of NPP is between 5.0 and 14.8, with a mean value of 9.0.that indicate the ENV2 generally produce a higher number of pods per plant compared to those in ENV1 number of pod per plant" is influenced by the environment in which the plants are grown.
Number of primary branch per plant,( NPBP) has been measured in two different environments (ENV1 and ENV2). In ENV1, the range of NPBP is between 1.20 and 5.20, with a mean value of 0.93. This indicates that the plants in ENV1 generally produce a lower number of primary branches per plant compared to those in ENV2, as the range of NPBP in ENV2 is the same but the mean value is much higher at 3.45. In ENV2, the range of NPBP is also range between 1.2 and 5.2, with a mean value of 3.45. This suggests that the plants in ENV2 generally produce a higher number of primary branches per plant compared to those in ENV1. is strongly influenced by the environment in which the plants are grown.
Pod weight (PW) in ENV1, the range of PW is between 2.70 and 8.30, with a mean value of 4.07. This indicates that the pods in ENV1 generally have a lower weight compared to those in ENV2, where the range of PW is the same but the mean value is higher at 4.87. In ENV2, the range of PW is also between 2.50 and 8.30, with a mean value of 4.87. This suggests that the pods in ENV2 generally have a higher weight compared to those in ENV1. Green pod yield (GPY) kg/ha.In ENV1 range of GPY is between 3500 and 9951 kg/h, with a mean value of 6138 kg/h. In ENV2, the range of GPY is between 3950 and 9500 kg/h, with a mean value of 6248.33 kg/h. This suggests that the green pod yield is generally higher in ENV2 than in ENV1, as the mean value of GPY in ENV2 is higher than in ENV1.
Tukey honest test  for  compare the means of several groups
Tukey Honest Significant Difference (HSD) test, also known as the Tukey test, is a statistical method used to compare the means of multiple groups. This test is commonly used in the analysis of variance (ANOVA) to determine whether the means of two or more groups are significantly different from each other. Overall, the Tukey HSD test is a useful statistical tool for comparing means of multiple groups and can help researchers identify which groups are significantly different from each other
The two- way interaction of entry X year are not significant different at tukey honesty significant difference test for DT 50%F, DTM, NPB and PW. But two way interaction of entry X Year significantly contributed to the variability observed for TSS and GPY . The average TSS observed in our experiment was 14.53. The kashi Sakti was the highest TSS in the both the years with 16.83 and 15.50 in 2020 and 2021 respectively, the GPY (kg/ha) was observed in our experiment was kashi Nandani was the highest in the both years with 9789.16 and 9291.66 in 2020 and 2021 respectively. Pusa Shree in 2020 was the earliest entry for FFI 29 days after sowing and kashi Samridhi was the late entry for FFI 75 days after sowing in Table 3 fig 1.
Principle component analysis 
PCA was performed to identify association between traits responsible trait for yield and grouping pattern of vegetable pea genotype on the basis of the traits .The First Four PCs account for about 68% of the total variability with ˃1.0 Eigen value, the first four principle component (PC) accounted for 68% of the variation 30.33, 18.04, 12.0 and 8.0 for PC1, PC2, PC3 and PC4 respectively. Table 5 fig 2 for evaluation and characterization of cultivar more than 75% of the total variation is acceptable (Singh et al., 2017). The first PC1 was showed positive relation for almost all 4 traits except FFI, D50%F, TSS, FFS, DTM, PL, PH, NPP and NPBP which showed negative correlation, However  PC2 explained 18% of total variation for all traits except D50%F, FFS, DTM, PL, NSP, NPBP and PW which showed negative correlation. However PC3 explained 12% of total variation where all traits except FFI, FFS, PH, NPB, and PW which showed negative correlation. However, PC4 explained 8% of total variation, the component was showed negative correlation for all traits except TSS, PL, PH, NPBP and PYK. The similar reports in vegetable pea were reported by Kumar et, al. (2018), Umar et al.(2014), Sanwal et al.(2015). Scree plot represent the present variation of eigen value with each principal components PC1 explain the maximum  variation of 30.33 percent with eigen value 3.94 followed by PC2 has variation 18.04 percent and eigen value 2.34 followed by PC3 has 12.0 percent variation and eigen value 2.34 and PC4 has 8.0 percent variation and eigen value 1.55.(Fig.1). Principal component having eigen value more than ome exhibited more variability among the garden pea genotypes for selection of distantly related parents. So selection of genotype from PC1 will be beneficial as this PC exhibited maximum variation in comperision to other PCs. The biplots between PC 1 and PC 2 represent the diversity among traits as well. (Fig:2). The result that showed that almost all genotypes and traits had high degree of variation, the similar reported by  Nadiya et al.(2018) and Arif et al.(2020).

Conclusion 
The study revealed that the genetic variability for agro-morphological traits of pea accessions under the Bundelkhand region is high, which can be exploited for the development of high-yielding varieties.The present study found significant variation among genotypes for all study traits except for D50%F, DTM, NPBP, and PW. Additionally, there was a significant interaction between environment and genotype for these traits. Tukey honest tests were used to compare different genotypes, and it was found that different genotypes were superior for different traits. For example, Kashi Sakti had the highest TSS in both years, while Kashi Nandani had the highest GPY (kg/ha) in both years. Pusa Shree was the earliest genotype for DFFI in both years, while Kashi Samridhi was the late genotype for DFFI in both years all these trait can be used for future breeding programs. The study also used principal component analysis, which revealed that the first four principal components accounted for 68% of the total variation. These four components were given due importance for further explanation. The findings of this study can be helpful in the improvement of pea productivity and in the development of new varieties that can be adapted.
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Table 1.0 ANOVA analysis of variance for the experiment
	S.No.
	Source          
	Env             
	Rep1 within Env 
	Entry.name      
	Env:Entry.name  

	
	DF 
	d.f.=1
	d.f.=4
	d.f.=14
	d.f.=14

	
	DFFI
	8046.67***
	1.04ns
	781.35***
	64.39***

	
	D50F 
	537.77**
	11.92ns
	759.05***
	0.27ns

	
	S%
	96.52**
	9.4ns
	18.48**
	18.61**

	
	TSS
	0.73ns
	4.44**
	5.37***
	2.93**

	
	DFFS
	3648.1***
	17.48ns
	739.18***
	38.67***

	
	DTM 
	162.67**
	17.91ns
	965.03***
	23.43ns

	
	PL
	3.55**
	0.35ns
	3.22***
	1.07***

	
	NSP 
	50.17***
	0.27ns
	1.57***
	1.02**

	
	PH 
	5558.9**
	30.6ns
	455.15***
	369.01***

	
	NPP 
	55.74ns
	7.86ns
	34.31***
	28.65**

	
	NPBP 
	0ns
	0.3807ns
	3.70***
	0ns

	
	PW 
	0.001ns
	2.29**
	6.81***
	0.001ns

	
	PY(kg/ha)
	269143.71ns
	105806.44ns
	17639139.85***
	231369.36***



Table 2.0 Mean performance of different traits in different environment
	S.No.
	
	 
	ENV1
	ENV2

	
	Name of characters 
	cod of characters 
	Min
	Max
	mean
	Min
	Max
	mean

	
	 Days to first flowers initiation,
	DFFI
	24.00
	39.00
	38.13
	39.00
	77.00
	57.04

	
	Days to 50% flowering 
	D50F 
	30.00
	62.00
	45.02
	35.00
	67.00
	49.91

	
	Shelling %
	S%
	35.53
	52.86
	45.73
	40.22
	50.00
	43.66

	
	TSS Total soluble solids
	TSS
	10.00
	18.00
	14.64
	13.75
	16.00
	14.42

	
	DFFS  	Days to first fruit set 
	DFFS
	33.00
	66.00
	50.02
	47.00
	81.00
	62.76

	
	DTM  Days to maturity 
	DTM 
	56.00
	91.00
	69.71
	56.00
	95.00
	72.40

	
	PL  Pod length 
	PL
	5.00
	8.60
	7.14
	5.00
	8.40
	6.74

	
	Number of seed per pod 
	NSP 
	5.00
	9.20
	6.94
	4.20
	7.40
	5.45

	
	Plant height 
	PH 
	24.60
	50.60
	32.77
	21.00
	76.00
	48.49

	
	Number of pod per plant 
	NPP 
	1.02
	22.60
	7.43
	5.00
	14.80
	9.00

	
	Number of primary branch per plant 
	NPBP 
	1.20
	5.20
	3.45
	1.20
	5.20
	3.45

	
	 Pod weight 
	PW 
	2.70
	8.30
	4.87
	2.70
	8.30
	4.87

	
	Green pod yield (kg/ha )
	PY(kg/ha)
	3500.00
	9951.67
	6138.96
	3950.00
	9500.00
	6248.33









Table: 3 Tukeys's Honest Significant Difference (HSD) for  compare the means of several groups
	Entry Name 
	FFI
	Shelling
	TSS
	FF.Set 
	Pod length 
	NS.Pod
	PH
	N Pod.P
	Y.kg.ha
	 

	
	Env-1
	Env-2
	Env-1
	Env-2
	Env-1
	Env-2
	Env-1
	Env-2
	Env-1
	Env-2
	Env-1
	Env-2
	Env-1
	Env-2
	Env-1
	Env-2
	Env-1
	Env-2

	Banda Local -1   
	47.33ab
	74.33ab
	43.37a
	42.46a
	11.83c
	13.85a
	60.33a
	78.33a
	7.83ab
	8.12a
	7.53ab
	5.06c
	32.48ab
	34.66de
	12.40abc
	6.00a
	4664.99gh
	4475.00fg

	Banda Local -2
	45.00bc
	69.33ab
	45.92a
	46.16a
	15.16ab
	15.30a
	58.66ab
	74.33abc
	8.12a
	7.50ab
	8.46a
	5.96abc
	36.28ab
	30.6667e
	4.14d
	7.50a
	3802.22i
	4408.33g

	Kashi. Ageti 
	31.33de
	49.33def
	48.45a
	46.90a
	16.33a
	14.76a
	43.33c
	55.33de
	7.08abc
	6.06bcd
	7.00abc
	6.76a
	40.80ab
	60.33abc
	5.86cd
	10.63a
	8187.78bc
	8916.66ab

	Kashi. Mukti 
	29.00e
	44.33defg
	48.03a
	41.90a
	14.33abc
	15.10a
	41.66c
	51.66de
	7.42ab
	6.31bcd
	6.66bc
	5.96abc
	27.43b
	57.00bc
	6.60cd
	9.35a
	6055.00def
	6458.33d

	Kashi. Nandani 
	30.00e
	46.66defg
	45.04a
	41.20a
	14.33abc
	15.30a
	41.66c
	51.33de
	6.96abc
	6.14bcd
	6.73bc
	4.56c
	38.40ab
	47.66cd
	5.46cd
	10.20a
	9789.16a
	9291.66a

	Kashi. Samridhi 
	55.33a
	75.66a
	44.77a
	47.24a
	15.66a
	14.86a
	65.33a
	78.33a
	5.63cd
	5.50d
	7.00abc
	4.70c
	36.33ab
	64.33ab
	15.00ab
	12.57a
	7788.89c
	7458.33c

	Kashi. Shakti 
	51.66ab
	69.66ab
	49.02a
	42.80a
	16.83a
	15.50a
	64.33a
	75.00abc
	8.10a
	7.19abc
	6.53bc
	5.53abc
	44.75a
	61.00abc
	17.73a
	8.95a
	5568.33ef
	5958.33e

	Kashi. Udai  
	28.33e
	43.33efg
	48.95a
	42.28a
	15.33a
	15.10a
	38.00c
	49.33e
	6.88abc
	6.21bcd
	6.33bc
	5.36abc
	30.31ab
	36.66de
	5.46cd
	10.00a
	8588.05b
	8200.00bc

	PB-89  
	51.33ab
	58.66c
	40.66a
	42.43a
	14.50abc
	14.91a
	63.66a
	67.33c
	7.13ab
	6.28bcd
	7.13ab
	4.93c
	28.50b
	36.66de
	5.06cd
	9.15a
	6695.83d
	6475.00d

	PSM-3
	29.66e
	51.66cd
	47.61a
	41.08a
	15.83a
	15.13a
	40.66c
	56.00de
	7.00abc
	7.13abc
	6.60bc
	5.20bc
	30.78ab
	74.33a
	3.80d
	10.40a
	6562.50d
	6500.00d

	Pusa. Pragati
	29.66e
	51.00cde
	44.87a
	43.57a
	14.00abc
	14.03a
	40.00c
	57.66d
	6.49bcd
	8.28a
	7.13ab
	5.20bc
	27.08b
	60.00abc
	4.73cd
	8.75a
	5315.55fg
	5225.00ef

	Pusa. Praval 
	48.33ab
	67.33b
	41.81a
	41.20a
	15.76a
	14.20a
	62.00a
	70.00bc
	7.82ab
	7.04abc
	6.66bc
	6.66ab
	28.30b
	35.66de
	8.13bcd
	9.00a
	6136.11de
	6475.00d

	Pusa. Shree 
	26.66e
	42.00fg
	48.61a
	43.02a
	11.83c
	15.11a
	37.33c
	50.66de
	5.24d
	6.11bcd
	5.53c
	4.76c
	28.30b
	67.66ab
	5.33cd
	9.40a
	3847.77i
	4416.66g

	Varanasi Local-1 
	29.66e
	39.66g
	44.98a
	45.00a
	15.50a
	15.00a
	41.33c
	49.33e
	7.19ab
	5.83cd
	7.46ab
	5.50abc
	31.48ab
	35.00de
	4.60d
	5.66a
	4725.00gh
	4983.33fg

	Varanasi Local-2 
	38.66cd
	72.66ab
	43.77a
	47.55a
	12.26bc
	14.05a
	52.00b
	76.66ab
	8.09a
	7.32abc
	7.33ab
	5.53abc
	30.30ab
	25.66e
	7.06cd
	7.40a
	4357.22hi
	4483.33fg










Table 4.0 Tukeys's Honest Significant Difference (HSD) for  compare the means of several groups
	[bookmark: _GoBack]S.No.
	Entry name
	D50.F
	DTM
	NPB.P
	PW

	
	
	Pooled
	Pooled
	Pooled
	pooled

	
	Banda Local -1   
	58.17
	67.5
	4.77
	4.63

	
	Banda Local -2   
	55.17
	81
	3.8
	4.67

	
	Kashi. Ageti     
	40.5
	68.33
	3.13
	4.8

	
	Kashi. Mukti     
	37.83
	64.5
	1.73
	4.43

	
	Kashi. Nandani   
	38.83
	58.17
	3.73
	5.14

	
	Kashi. Samridhi  
	64.5
	91.17
	2.93
	3.43

	
	Kashi. Shakti    
	62.17
	92
	3
	5.5

	
	Kashi. Udai      
	36.17
	56.83
	2.87
	4.99

	
	PB-89            
	61.17
	79.17
	3.93
	3.8

	
	PSM-3            
	38.5
	58.5
	2.6
	3.3

	
	Pusa. Pragati    
	38.17
	62.17
	3.6
	6.47

	
	Pusa. Praval     
	59.83
	84.67
	4.4
	4.73

	
	Pusa. Shree      
	34.83
	59.33
	3.13
	7.03

	
	Varanasi Local-1 
	38.5
	60
	3.73
	4.05

	
	Varanasi Local-2 
	47.67
	82.5
	4.33
	6.1












Table 5.0 Eigen value and %variation for the first four principle component obtained from factor analysis of 15 genotype of garden pea 
	Statistics            
	    PC1
	    PC2
	   PC3  
	    PC4
	   PC5 
	   PC6 
	   PC7 
	   PC8
	   PC9
	  PC10 
	   PC11 
	  PC12 
	  PC13

	Standard deviation    
	1.986
	1.531
	1.247
	1.029
	0.967
	0.865
	0.830
	0.748
	0.691
	0.601
	0.440
	0.337
	0.139

	Proportion of Variance
	0.303
	0.180
	0.120
	0.082
	0.072
	0.058
	0.053
	0.043
	0.037
	0.028
	0.015
	0.009
	0.002

	Cumulative Proportion 
	0.303
	0.484
	0.603
	0.685
	0.757
	0.814
	0.867
	0.910
	0.947
	0.975
	0.990
	0.999
	1.000

	EigenValues           
	3.943
	2.345
	1.556
	1.059
	0.936
	0.748
	0.688
	0.560
	0.478
	0.361
	0.194
	0.114
	0.019



	EIGENVECTORS
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Variables 
	      PC1
	    PC2 
	    PC3 
	    PC4
	    PC5
	    PC6 
	   PC7
	    PC8
	    PC9
	   PC10
	   PC11 
	   PC12
	    PC13

	DFFI
	-0.467
	0.011
	-0.110
	-0.018
	0.044
	-0.243
	0.092
	-0.114
	0.110
	-0.066
	-0.370
	-0.435
	0.587

	D50F
	-0.465
	-0.067
	0.140
	-0.013
	0.147
	0.018
	0.006
	0.055
	0.091
	-0.090
	-0.028
	0.816
	0.226

	S%
	0.139
	0.005
	0.184
	-0.822
	0.099
	-0.176
	0.216
	-0.368
	-0.043
	0.205
	-0.007
	0.071
	0.013

	TSS
	-0.062
	0.312
	0.416
	0.122
	-0.322
	-0.046
	0.617
	0.361
	-0.204
	0.218
	-0.062
	-0.003
	0.027

	DFFS
	-0.484
	-0.049
	-0.038
	-0.039
	0.018
	-0.175
	0.085
	-0.057
	0.064
	-0.068
	-0.324
	-0.080
	-0.774

	DTM
	-0.412
	-0.063
	0.145
	-0.238
	0.085
	0.304
	0.066
	0.206
	0.233
	-0.101
	0.664
	-0.311
	-0.025

	PL
	-0.086
	-0.342
	0.257
	0.128
	-0.652
	-0.063
	0.016
	-0.490
	-0.120
	-0.279
	0.175
	0.012
	0.031

	NSP
	0.112
	-0.297
	0.549
	-0.004
	-0.013
	0.378
	0.212
	0.074
	0.417
	0.218
	-0.415
	-0.107
	0.008

	PH
	-0.118
	0.421
	-0.277
	0.010
	-0.433
	0.035
	0.149
	-0.192
	0.484
	0.478
	0.098
	0.110
	-0.015

	NPP
	-0.255
	0.311
	0.019
	-0.187
	-0.108
	0.513
	0.369
	-0.067
	-0.593
	0.049
	-0.174
	-0.056
	0.020

	NPBP
	-0.152
	-0.441
	-0.182
	0.267
	0.212
	0.197
	0.268
	-0.262
	-0.240
	0.620
	0.110
	-0.014
	0.009

	PW
	0.104
	-0.217
	-0.489
	-0.239
	-0.272
	0.476
	0.420
	0.136
	0.127
	-0.258
	-0.240
	0.095
	0.031

	PY(kg/ha)
	0.076
	0.414
	0.151
	0.268
	0.335
	0.329
	0.318
	-0.547
	0.174
	-0.275
	-0.016
	-0.013
	-0.039




[image: C:\Users\Sunil Kumar\Desktop\pea\pea(PrincipalComponentAnalysis_1653382764507)\ScreePlot.png][image: C:\Users\Sunil Kumar\Desktop\pea\pea(PrincipalComponentAnalysis_1653382764507)\Biplot1and2.png]
Fig: 1 & Fig: 2
Fig 1 and 2The scree plot based on principal component analysis (PCA)
of thirteen  quantitative and qualitative traits in 15 vegetable pea genotypes.
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