CORRELATION AND PATH COEFFICIENT ANALYSIS FOR YIELD AND YIELD COMPONENTS IN FIELD PEA (Pisum sativum L.)


ABSTRACT: Present experiment was conducted on forty genotypes of field pea were procured from pea improvement project, JNKVV, Jabalpur, (MP). All these genotypes were evaluated at seed breeding farm, Department of Genetics and Plant Breeding, College of Agriculture, Jabalpur. The experiment was conducted during rabi season 2019-20 in randomized complete black design with three replications. The observation were recorded on 19 quantitative traits to estimate genetic variability, heritability, genetic advance as percentage of mean, correlation and path coefficient analysis of field pea germplasm.The analysis of variance was found highly significant for all characters. High genotypic coefficient of variation (GCV) and high phenotypic coefficient variation (PCV) were exhibited for number of pods per plant followed by biological yield per plant and pod bearing length. High heritability coupled with high genetic advance as percentage of mean was recorded for pod bearing length, number of seeds per plant and number of nodes per plant. Seed yield per plant exhibited positive significant correlation with number of seeds per plant, biological yield per plant and number of effective pods per plant. Path analysis indicates that the highest positive and direct effect on biological yield per plant followed by harvest index. The characters identified above as important direct yield component can be used in formulation of selection strategies in field pea for selection of high yielding genotypes.	Comment by Agri: The present...	Comment by Agri: In a randomized complete block design (RCBD)
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INTRODUCTION

	Pea (Pisum sativum L.) belongs to the genus Pisum of family Fabaceae (Leguminasae), subfamily Papillionaceae, and tribe Vicieae. Field pea (Pisum sativum L. var.arvense) is widely grown around the world and it is the second most consumed legume after chickpea. This crop comprises two species, Pisum fulvumSibth and Sm. and Pisum sativum L. There are two types of cultivated peas viz., garden pea (pisum sativum var.hortense) and field pea (pisum sativum var.arvense). Garden pea is used for table purpose. Hence, harvest at green pod condition and cooked as fresh or canned for subsequent uses. The immature peas are used as a vegetable, fresh frozen or canned, varieties’ of the species typically called garden pea. Field pea is used as dry, whole or split as dal or used as flour (besan) for various food preparations. Dry pea seed contains 22.5% protein, 56.5% carbohydrate, 1.1% fat, 2.2% minerals, 4.5% fiber and important vitamins like vitamin B1 and B5. The stalks, broken cotyledons and seed coat are used as animal feed.
	Among the genus Pisum a species named P.sativum ssp abyssinicumis considered a possible candidate as progenitor and it resembles closely to the cultivated form (Jing et al., 2010). Genetic composition of pea is ca. 4800 Mbp spread across 2n=2x=14 chromosomes. Carbonized remains have been found at many historical sites in the fertile crescent of the middle east dating back to the sixth or seventh millennium BC, suggesting domestication occurred during that era (Zohary and Hopf 1973). Pea spread from the fertile crescent to russia and westward into europe and eastward into china and India. There are four centers of origin based on genetic diversity were proposed by Vavilov (1926), namely central asia, the near east, abyssinia (ethiopia) and the mediterranean (Smykalet al., 2014). It is grown in higher altitudes in tropical areas with temperature ranging between 7oC-30oC.Pea has great nutrient value and contains vitamin A, B and C, along with minerals, dietary fiber and antioxidant compounds (Urbanoet al., 2003). Now days, protein markets are shifting away from dairy, egg, soy, due to consumers’ perceived fears about consuming animal-derived products basically for dietary choices.	Comment by Agri: Capitalize 1st letter	Comment by Agri: Capitalize 1st letter	Comment by Agri: Capitalize 1st letter	Comment by Agri: Capitalize 1st letter	Comment by Agri: Capitalize 1st letter	Comment by Agri: Capitalize 1st letter	Comment by Agri: Capitalize 1st letter	Comment by Agri: Nowadays instead of Now days
	In 2016, approximately 13.56 million metric tons of field pea was produced worldwide. With this forecast production was decrease to 12.83 million in 2017. In India, it is grown on areas of 550 thousand hectare with an annual production of 5.524 million metric tons (MMt) (Anonymous2019). Madhya Pradesh is the second largest producing state of field pea with area of 106.52 thousand hectare and production of 1113.47 thousand MT (anonymous 2017). Pea is an important winter crop of west europe, north america, india, australia, pakistan and south america. Among the grain legumes, dry peas (Pisum sativum) rank first regarding production in europe. 	Comment by Agri: Use recent data on area and production	Comment by Agri: Use recent data on area and production
	However, selection for yield and quality traits can be better achieved, if the information with respect to correlation between such traits is also available followed by a better understanding of the association between the relevant characters provided through path coefficient analysis. Similarly, for improvement of those characters, which didn’t respond to selection, there is a need for partitioning of non-additive component of genetic variance further by hybridization, which is achieved through genetic divergence studies. 
	Correlation analysis determines the association of heritable characters with yield attributing traits that is useful for selection (Bizetiet al., 2004). Association among yield components concludes the better evaluation of all effects on specific components (Chaudhary and Joshi, 2005). Path coefficient is a standardized partial-regression coefficient, obtained from equations, where the yield-related variables are expressed as deviations from the means in units of standard deviation (Steel and Torrie, 1982).
	To select the better genotypes for the improvement of the genetic constitutions of the field pea is required now to fulfil the future increasing demand.  This is important for screening and identification of desired genotypes contributing major yield and quality traits for the genetic improvement of field pea.
MATERIAL AND METHODS
The present investigation on forty field pea germplasm were carried out during rabiseason 2019-20 under Pea Improvement Project at Seed Breeding Farm, Department of Plant Breeding and Genetics, College of Agriculture, JNKVV, Jabalpur, (MP) and AICRP on MULLaRP, IIPR Kanpur.These germplasm were sown in randomized complete block design (RBCD) with three replications. All these genotypes were sown in single row pattern keeping 30 cm distance from row to row and 10 cm distance from plant to plant, row length is 4m and number of genotypes per row is 6. Data were recorded according to the National Test Guidelines for DUS test of pea which is developed by PPV & FR Authority, GOI, New Delhi.Observations were recorded on the basis of five random competitive plants were selected from each germplasm and per each replication separately for following 19 quantitative characters viz., number of primary branches per plant, number of secondary branches per plant, plant height (cm), number of nodes per plant, number of effective nodes per plant, pod bearing length (cm), number of pods per plant, pod cluster per plant, number of effective pods per plant, pod length (cm), number of seeds per pod, number of seeds per plant, hundred (100) seed weight, biological yield per plant (g), seed yield per plant (g) and harvest index (%) except days to first flower opening, days to 50% flowering and days to maturity, which were recorded on plot basis.	Comment by Agri: Standard abbrevitation is RCBD	Comment by Agri: Improves sentence flows
The recorded observations were subjected to analysis of variance (ANOVA) as per method suggested by burton, (1952).Heritability suggested by (Hanson et al., 1955), genetic advance suggested by (Johnson et al., 1955). Correlation coefficient analysis was estimated as suggested by Miller et al., (1958), path coefficient analysis as suggested by Wright (1921, 1934) and elaborated by Dewey and Lu (1959), at both phenotypic and genotypic levels.  Data analysis was performed by statistical software WINDOSTAT Version 9.2 at the Department of Genetics and Plant Breeding, College of Agriculture, Jabalpur.
RESULTS AND DISCUSSION
The analysis of variance present in table no.2 is highly significant for all the characters, which indicates that there was sufficient amount of genetic variability present among germplasm. It revealed that exploitable level of variability existed in the population. 
High heritability coupled with high genetic advance as percentage of mean present in table no.3 respectively viz, number of seeds per plant (99.86% & 72.84% ) followed by pod bearing length (99.80% & 73.08%) and number of nodes per plant (99.63% & 55.57). High heritability coupled with moderate genetic advance as percentage of mean recorded for days to maturity (97.65% & 13.45%). Similar findings regarding heritability was observed by Jaiswal et al. (2013), Kumar et al. (2015), Devi et al. (2017), Pallavi et al. (2018) and Yumkhaibamet al. (2019). The presence of high heritability with high genetic advance as percentage of mean is indicated higher response for selection of high yielding genotypes as these characters are governed by additive gene actions.
Estimate of high genotypic coefficient of  variation (GCV) and high phenotypic coefficient of  variation (PCV) were exhibited for biological yield per plant (35.84% & 35.98%) followed by pod bearing length (35.51% & 35.54%), number of seeds per plant (35.38% & 35.41%) and plant height (35.17% & 35.33% ). Similar finding were observed by Gupta et al. (2018), Meena et al. (2017), Afreenet al. (2017), Jaiswal et al. (2015) and Jebersonet al. (2016). This study revealed that the values of PCV for maximum traits were found to be more than GCV and little difference was present in between GCV and PCV revealing very little influence of environment for their expression.  
Estimate of genotypic correlation coefficient analysis for nineteen characters of field pea genotypes were present in table 4. At genotypic level, seed yield per plant exhibited positive significant association with all characters expect three viz., days to first flower opening (-0.1399), days to 50% flowering (-0.0324) and days to maturity (-0.0735), because which are showed negative correlation with them. It indicated that effective improvement in field pea yield through these components could be achieved. Similar findings were observed byBasaiwalaet al. (2013),Kumar et al. (2014), Jebersonet al. (2016) and Singh et al. (2018).
Path coefficient analysis were estimated on genotypic as well as phenotypic levels to resolve the direct and indirect effects for different traits on seed yield as present in table 5. At genotypic level the highest positive direct effect on biological yield per plant (0.7930) followed by harvest index (0.3967) and number of effective pods per plant (0.3880). highly positive indirect effects on days to maturity (0.2153) followed by pod bearing length (0.0907), number of primary branches per plant (0.0542) and days to first flower opening (0.0392). Similar findings were observed by Sigh et al. (2014), Tofiqet al. (2015), Srivastava et al. (2018) and Bestoonaliabdolla (2019). Hence, for enhancement of yield these traits should be considered in pea improvement programme.	Comment by Agri: Correctly explains the purpose of path analysis by distinguishing between direct and indirect effects, and reports the model's overall fit (R², residual effect)
Application of Research
Genetic Evaluation of Field Pea (Pisum sativum L.) for Yield and its Components
Research Category
Genetics and Plant Breeding
Table 1: List of genotypes utilized in the experiment
	S. No.	Germplasm
	S. No.	Germplasm

	1	FP-14-32
2	FP-14-34
3	FP-14-36
4	FP-14-39
5	FP-14-41
6	FP-14-44
7	FP-14-50
8	FP-14-51
9	FP-14-54
10	FP-14-67
11	FP-14-69
12	FP-14-71
13	FP-14-73
14	FP-14-75
15	FP-14-76
16	FP-14-81
17	FP-14-87
18	FP-14-88
19	FP-14-90
20	FP-7-562
	21	P-81-10
22	JP-885(Purple)
23	KPMR-502
24	IFP-99-25
25	LEP-227
26	KFP-151
27	DDR-52
28	DDR-54
29	P-3
30	LEP-260
31	Kalamatar
32	Deshi pili batri
33	Somnath pili batri
34	Chatrumatar
35	Double branching
36	Batra chhotibadwah
37	Batanamoolchand
38	Kesavbatana
39	Gol batri (Amar)
40	Batripatiram



Table 2: Analysis of variance for nineteen characters of field pea genotypes
	Characters
	Mean sum of square

	
	Replication (d.f = 2)
	Treatment (d.f = 39)
	Error (d.f = 78)

	Days to first flower opening
	128.973
	144.255***
	1.050

	Days to 50% flowering
	124.061
	142.437***
	0.758

	Days to maturity
	100.866
	113.069***
	0.901

	Number of primary branches per plant
	0.840
	0.445***
	0.010

	Number of secondary branches per plant
	1.450
	2.048***
	0.023

	Plant height
	184.559
	2544.980***
	7.552

	Number of nodes per plant
	127.043
	521.574***
	0.636

	Number of effective nodes per plant
	16.738
	40.372***
	0.374

	Pod bearing length
	159.036
	1143.232***
	0.775

	Pod cluster per plant
	1.519
	0.147***
	0.012

	Number of pods per plant
	169.476
	128.848***
	67.272

	Number of effective pods per plant
	50.571
	70.764***
	0.628

	Pod  length
	3.712
	0.954***
	0.045

	Number of seeds per pod
	2.594
	1.061***
	0.019

	Number of seeds per plant
	127.290
	1365.611***
	0.623

	Hundred (100) seed weight 
	71.562
	11.741***
	0.470

	Biological yield per plant
	92.995
	246.901***
	0.638

	Harvest index
	124.436
	157.650***
	0.711

	Seed yield per plant
	18.525
	23.0152***
	0.294


** Significant at 5% level, *** Significant at 1% level
Table 3: Genetic parameters of nineteen characters of field pea
	S.No.
	Characters
	Range
	Mean 
	GCV(%)
	PCV (%) 
	Heritability (h2) 
	GA % of mean

	
	
	Min.
	Max.
	
	
	
	
	

	1
	Days to first flower opening
	33.33
	67.18
	57.06
	12.10
	12.24
	97.85
	24.67

	2
	Days to 50% flowering
	38.33
	75.44
	63.08
	10.89
	10.98
	98.42
	22.26

	3
	Days to maturity
	72.00
	100.67
	92.48
	6.61
	6.69
	97.65
	13.45

	4
	Number of primary branches per plant
	0.97
	2.29
	1.55
	24.51
	25.42
	92.97
	48.68

	5
	Number of secondary branches per plant
	2.15
	6.09
	3.37
	24.37
	24.80
	96.57
	49.34

	6
	Plant height
	33.69
	141.96
	82.68
	35.17
	35.33
	99.12
	72.13

	7
	Number of nodes per plant
	23.66
	86.29
	48.75
	27.02
	27.07
	99.63
	55.57

	8
	Number of effective nodes per plant
	4.72
	22.93
	10.43
	34.99
	35.48
	97.27
	71.09

	9
	Pod bearing length
	18.64
	96.99
	54.95
	35.51
	35.54
	99.80
	73.08

	10
	Pod cluster per plant
	0.94
	2.23
	1.54
	13.68
	15.50
	77.85
	24.86

	11
	Number of pods per plant
	9.06
	39.92
	17.92
	25.27
	52.27
	23.38
	25.17

	12
	Number of effective pods per plant
	7.98
	32.86
	15.65
	30.88
	31.29
	97.38
	62.78

	13
	Pod  length
	4.17
	6.45
	5.27
	10.42
	11.18
	86.93
	20.02

	14
	Number of seeds per pod
	2.04
	4.77
	3.13
	18.77
	19.29
	94.69
	37.64

	15
	Number of seeds per plant
	26.48
	122.55
	60.27
	35.38
	35.41
	99.86
	72.84

	16
	Hundred (100) seed weight 
	11.41
	21.26
	15.02
	12.89
	13.68
	88.87
	25.04

	17
	Biological yield per plant
	9.54
	60.71
	25.27
	35.84
	35.98
	99.23
	73.54

	18
	Harvest index
	24.42
	51.86
	36.42
	19.85
	19.99
	98.66
	40.62

	19
	Seed yield per plant
	4.04
	17.20
	9.27
	29.68
	30.25
	96.26
	59.98









	Traits
	Correlation coefficient
	DFFO
	DFF
	DM
	NPBPP
	NSBPP
	PH
	NNPP
	NENPP
	PBL
	PCPP
	NPPP
	NEPPP
	PL
	NSPP
	NSPPlt
	100SW
	BYPP
	HI
	SYPP

	DFFO
	P
	1.0000
	0.9595***
	0.6055***
	-0.1141
	0.0304
	-0.0750
	0.1649
	-0.3496
	0.1217
	0.2714**
	-0.0348
	-0.1022
	0.0188
	-0.3358***
	-0.3026***
	0.1520
	-0.0311
	-0.0548
	-0.1348

	
	G
	1.0000
	0.9713
	0.6128
	-0.1415
	0.0174
	-0.0776
	0.1627
	-0.3648
	0.1225
	0.2818
	-0.0925
	-0.1146
	0.0184
	-0.3557
	-0.3063
	0.1366
	-0.0377
	-0.0612
	-0.1399

	DFF
	P
	
	1.0000
	0.6493***
	-0.0826
	0.0755
	-0.0322
	0.2302*
	-0.3008***
	0.1765
	0.2205*
	-0.0036
	-0.0450
	0.0144
	-0.2920**
	-0.2027*
	0.1673
	0.0745
	-0.0856
	-0.0292

	
	G
	
	1.0000
	0.6580
	-0.1007
	0.0695
	-0.0342
	0.2305
	-0.3050
	0.1774
	0.2456
	0.0098
	-0.0512
	0.0142
	-0.303
	-0.2053
	0.1654
	0.0727
	-0.0895
	-0.0324

	DM
	P
	
	
	1.0000
	0.0548
	0.2311*
	0.1448
	0.3160***
	-0.2416**
	0.2053*
	0.1491
	-0.1973*
	-0.0756
	-0.2233*
	-0.3133***
	-0.1163
	-0.0001
	-0.0246
	-0.1579
	-0.0622

	
	G
	
	
	1.0000
	0.0448
	0.2281
	0.1450
	0.3183
	-0.2532
	0.2059
	0.1564
	-0.4286
	-0.0829
	-0.2632
	-0.3339
	-0.1182
	-0.0319
	-0.0316
	-0.1654
	-0.0735

	NPBPP
	P
	
	
	
	1.0000
	0.6616***
	0.4663***
	0.3743***
	0.3317***
	0.3894***
	-0.2629**
	0.0886
	0.1770
	-0.4064***
	-0.0271
	0.1069
	-0.2141*
	0.3097***
	-0.4425***
	0.0509

	
	G
	
	
	
	1.0000
	0.6621
	0.4851
	0.3849
	0.3492
	0.4012
	-0.3477
	0.1574
	0.1746
	-0.4799
	-0.0374
	0.1126
	-0.2662
	0.3147
	-0.4688
	0.0499

	NSBPP
	P
	
	
	
	
	1.0000
	0.4388***
	0.5692***
	0.2707**
	0.4776***
	-0.1733
	0.0249
	0.2796**
	-0.3175***
	-0.1855*
	0.1818*
	-0.1057
	0.3557***
	-0.3730***
	0.1501

	
	G
	
	
	
	
	1.0000
	0.4454
	0.5784
	0.2807
	0.4844
	-0.2311
	0.0508
	0.2796
	-0.3603
	-0.2067
	0.1861
	-0.1404
	0.3560
	-0.3883
	0.1482

	PH
	P
	
	
	
	
	
	1.0000
	0.3140***
	0.3470***
	0.8581***
	-0.1265
	0.1665
	0.2967***
	-0.1308
	-0.0419
	0.2156*
	-0.2296*
	0.3397***
	-0.2901**
	0.1665

	
	G
	
	
	
	
	
	1.0000
	0.3153
	0.3497
	0.8636
	-0.1513
	0.3720
	0.2982
	-0.1439
	-0.0483
	0.2164
	-0.2496
	0.3395
	-0.2954
	0.1617

	NNPP
	P
	
	
	
	
	
	
	1.0000
	0.5264***
	0.3162***
	-0.2533**
	0.1800*
	0.4229***
	-0.3869***
	-0.1775
	0.2946**
	-0.2018*
	0.4779***
	-0.3958***
	0.2349**

	
	G
	
	
	
	
	
	
	1.0000
	0.5319
	0.3169
	-0.2971
	0.3650
	0.4261
	-0.4185
	-0.1832
	0.2950
	-0.2221
	0.4792
	-0.4020
	0.2391

	NENPP
	P
	
	
	
	
	
	
	
	1.0000
	0.1650
	-0.3422***
	0.3942***
	0.8088***
	-0.2003*
	0.1541
	0.7015***
	-0.3576***
	0.6633***
	-0.1245
	0.5748**

	
	G
	
	
	
	
	
	
	
	1.0000
	0.1680
	-0.3942
	0.8311
	0.8254
	-0.2305
	0.1551
	0.7102
	-0.3965
	0.6724
	-0.1275
	0.5897

	PBL
	P
	
	
	
	
	
	
	
	
	1.0000
	-0.0030
	0.1649
	0.2252*
	-0.0934
	-0.1084
	0.1785
	-0.1605
	0.3354***
	-0.3343***
	0.1341

	
	G
	
	
	
	
	
	
	
	
	1.0000
	-0.0072
	0.3344
	0.2280
	-0.1021
	-0.1118
	0.1789
	-0.1723
	0.3364
	-0.3358
	0.1380

	PCPP
	P
	
	
	
	
	
	
	
	
	
	1.0000
	0.0050
	-0.0130
	0.2051*
	0.0122
	-0.0294
	0.1338
	0.0494
	0.1084
	0.0934

	
	G
	
	
	
	
	
	
	
	
	
	1.0000
	-0.0340
	-0.0106
	0.2471
	-0.0054
	-0.0344
	0.0982
	0.0478
	0.1144
	0.0912

	NPPP
	P
	
	
	
	
	
	
	
	
	
	
	1.0000
	0.4580***
	0.0763
	0.1567
	0.3811***
	-0.1287
	0.4589***
	-0.1259
	0.3730**

	
	G
	
	
	
	
	
	
	
	
	
	
	1.0000
	0.9536
	0.1448
	0.3547
	0.7837
	-0.2996
	0.9448
	-0.2611
	0.7834

	NEPPP
	P
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	-0.1901*
	0.1059
	0.8331***
	-0.2739**
	0.7889***
	-0.0166
	0.7828**

	
	G
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	-0.2257
	0.1041
	0.8433
	-0.3040
	0.7952
	-0.0224
	0.7949

	PL
	P
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	0.3374***
	-0.1199
	0.3279***
	-0.0019
	0.2198*
	0.1267

	
	G
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	0.3558
	-0.1313
	0.3240
	-0.0112
	0.2338
	0.1108

	NSPP
	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	0.5003***
	-0.0490
	0.1791
	0.4033***
	0.4777**

	
	G
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	0.5151
	-0.0672
	0.1763
	0.4145
	0.4865

	NSPPlt
	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	-0.2803**
	0.7084***
	0.1544
	0.8574**

	
	G
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	-0.2995
	0.7115
	0.1554
	0.8728

	100SW
	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	-0.0947
	0.2366**
	0.0593
	

	
	G
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	-0.1117
	0.2350
	0.0447
	

	BYPP
	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	-0.3579***
	0.7959**
	

	
	G
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	-0.3639
	0.8060

	HI
	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	0.2107*

	
	G
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000
	0.2113

	SYPP
	P
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000

	
	G
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1.0000


Table 4: Genotypic and Phenotypic correlation coefficient analysis for yield and yield related traits in field pea genotypes 

   Significance Levels 0.05 0.010.005 0.001 
 If correlation r => 0.17933740.23429950.25466990.2966926
DFFO = Days to first flower opening, DFF = Days to 50% flowering, DM = Days to maturity, NPBPP = Number of primary branches per plant, NSBPP = Number of secondary branches per plant, PH = Plant height (cm), NNPP = Number of nodes per plant, NENPP = Number of effective nodes per plant, PBL = Pod bearing length (cm), PCPP = Pod cluster per plant, NPPP = Number of pods per plant, NEPPP = Number of effective pods per plant, PL = Pod length (cm), NSPP = Number of seeds per pod, NSPPlt  = Number of seeds per plant, 100SW = Hundred (100) seed weight (g) , BYPP = Biological yield per plant (g), HI = Harvest index (%), SYPP = Seed yield per plant (g).












Table 5: Genotypic path coefficient analysis for the characters of field pea
	TRAITS
	DFFO
	DFF
	DM
	NPBPP
	NSBPP
	PH
	NNPP
	NENPP
	PBL
	PCPP
	NPPP
	NEPPP
	PL
	NSPP
	NSPPlt
	100SW
	BYPP
	HI
	SYPP

	DFFO
	0.0392
	0.0381
	0.0240
	-0.0055
	0.0007
	-0.003
	0.0064
	-0.0143
	0.0048
	0.0110
	-0.0036
	-0.0045
	0.0007
	-0.0139
	-0.0120
	0.0054
	-0.0015
	-0.0024
	-0.1399

	DFF
	-0.2332
	-0.2401
	-0.1580
	0.0242
	-0.0167
	0.0082
	-0.0554
	0.0732
	-0.0426
	-0.0590
	-0.0023
	0.0123
	-0.0034
	0.0728
	0.0493
	-0.0397
	-0.0175
	0.0215
	-0.0324

	DM
	0.1319
	0.1417
	0.2153
	0.0096
	0.0491
	0.0312
	0.0685
	-0.0545
	0.0443
	0.0337
	-0.0923
	-0.0178
	-0.0567
	-0.0719
	-0.0255
	-0.0069
	-0.0068
	-0.0068
	-0.0735

	NPBPP
	-0.0077
	-0.0055
	0.0024
	0.0542
	0.0359
	0.0263
	0.0209
	0.0189
	0.0218
	-0.0189
	0.0085
	0.0095
	-0.0260
	-0.0020
	0.0061
	-0.0144
	0.0171
	-0.0254
	0.0499

	NSBPP
	-0.0009
	-0.0036
	-0.0117
	-0.0339
	-0.0513
	-0.0228
	-0.0296
	-0.0144
	-0.0248
	0.0118
	-0.0026
	-0.0143
	0.0185
	0.0106
	-0.0095
	0.0072
	-0.0182
	0.0199
	0.1482

	PH
	0.0097
	0.0043
	-0.0182
	-0.0608
	-0.0558
	-0.1253
	-0.0395
	-0.0438
	-0.1082
	0.0190
	-0.0466
	-0.0374
	0.0180
	0.0060
	-0.0271
	0.0313
	-0.0425
	0.0370
	0.1617

	NNPP
	0.0029
	0.0041
	0.0057
	0.0068
	0.0103
	0.0056
	0.0178
	0.0094
	0.0056
	-0.0053
	0.0065
	0.0076
	-0.0074
	-0.0033
	0.0052
	-0.0039
	0.0085
	-0.0071
	0.2391

	NENPP
	0.0851
	0.0711
	0.0591
	-0.0815
	-0.0655
	-0.0816
	-0.1241
	-0.2333
	-0.0392
	0.0920
	-0.1939
	-0.1925
	0.0538
	-0.0362
	-0.1657
	0.0925
	-0.1568
	0.0297
	0.5897

	PBL
	0.0111
	0.0161
	0.0187
	0.0364
	0.0439
	0.0783
	0.0287
	0.0152
	0.0907
	-0.0007
	0.0303
	0.0207
	-0.0093
	-0.0101
	0.0162
	-0.0156
	0.0305
	-0.0304
	0.1380

	PCPP
	-0.0276
	-0.0241
	-0.0153
	0.0341
	0.0227
	0.0148
	0.0291
	0.0386
	0.0007
	-0.0980
	0.0033
	0.0010
	-0.0242
	0.0005
	0.0034
	-0.0096
	-0.0047
	-0.0112
	0.0912

	NPPP
	0.0012
	-0.0001
	0.0054
	-0.0020
	-0.0006
	-0.0047
	-0.0046
	-0.0105
	-0.0042
	0.0004
	-0.0127
	-0.0121
	-0.0018
	-0.0045
	-0.0099
	0.0038
	-0.0120
	0.0033
	0.7834

	NEPPP
	-0.0445
	-0.0199
	-0.0321
	0.0677
	0.1085
	0.1157
	0.1653
	0.3202
	0.0884
	-0.0041
	0.3700
	0.3880
	-0.0876
	0.0404
	0.3272
	-0.1180
	0.3085
	-0.0087
	0.7949

	PL
	0.0013
	0.0010
	-0.0187
	-0.0342
	-0.0257
	-0.0102
	-0.0298
	-0.0164
	-0.0073
	0.0176
	0.0103
	-0.0161
	0.0712
	0.0253
	-0.0093
	0.0231
	-0.0008
	0.0167
	0.1108

	NSPP
	-0.0523
	-0.0445
	-0.0491
	-0.0055
	-0.0304
	-0.0071
	-0.0269
	0.0228
	-0.0164
	-0.0008
	0.0521
	0.0153
	0.0523
	0.1469
	0.0757
	-0.0099
	0.0259
	0.0609
	0.4865

	NSPPlt
	-0.0173
	-0.0116
	-0.0067
	0.0064
	0.0105
	0.0122
	0.0166
	0.0401
	0.0101
	-0.0019
	0.0442
	0.0476
	-0.0074
	0.0291
	0.0564
	-0.0169
	0.0401
	0.0088
	0.8728

	100SW
	0.0153
	0.0185
	-0.0036
	-0.0298
	-0.0157
	-0.0279
	-0.0248
	-0.0444
	-0.0193
	0.0110
	-0.0335
	-0.0340
	0.0362
	-0.0075
	-0.0335
	0.1119
	-0.0125
	0.0263
	0.0447

	BYPP
	-0.0299
	0.0576
	-0.0251
	0.2496
	0.2823
	0.2692
	0.3822
	0.5332
	0.2668
	0.0379
	0.7492
	0.6306
	-0.0089
	0.1398
	0.5642
	-0.0886
	0.7930
	-0.2885
	0.8060

	HI
	-0.0243
	-0.0355
	-0.0656
	-0.1860
	-0.1540
	-0.1172
	-0.1595
	-0.0506
	-0.1332
	0.0454
	-0.1036
	-0.0089
	0.0928
	0.1644
	0.0616
	0.0932
	-0.1443
	0.3967
	0.2113


R SQUARE = 0.9866RESIDUAL EFFECT = 0.1156
DFFO = Days to first flower opening, DFF = Days to 50% flowering, DM = Days to maturity, NPBPP = Number of primary branches per plant, NSBPP = Number of secondary branches per plant, PH = Plant height (cm), NNPP = Number of nodes per plant, NENPP = Number of effective nodes per plant, PBL = Pod bearing length (cm), PCPP = Pod cluster per plant, NPPP = Number of pods per plant, NEPPP = Number of effective pods per plant, PL = Pod length (cm), NSPP = Number of seeds per pod, NSPPlt  = Number of seeds per plant, 100SW = Hundred (100) seed weight (g) , BYPP = Biological yield per plant (g), HI = Harvest index (%), SYPP = Seed yield per plant (g).
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