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Correlation and path analysis in black turmeric (Curcuma caesia Roxb.) genotypes.

ABSTRACT 
	Curcuma caesia Roxb. is critically endangered; for conservation it is necessary to understand the association, direct and indirect contribution of various characters on fresh rhizome yield per plant. Phenotypically vegetative characters have non-significant correlation but positive association with yield, reflects vigour of the plant need not be considered for selection of the superior genotypes with respect to yield in black turmeric. At both the level number of mother rhizomes per clump had negative non significant association. At genotypic level, Weight of the primary rhizome (0.997**) had maximum correlation, followed by cured rhizome yield per plant (0.991**), weight of the mother rhizome per clump (0.983**), girth of primary rhizome (0.871**), length of the mother rhizome (0.851**), length of the primary rhizome (0.837**), number of primary rhizome (0.827**), girth of mother rhizome (0.748**), curing percentage (0.608**) and secondary finger numbers per clump (0.310**).
Path coefficient analysis at genotypic and phenotypic level revealed that weight of the primary rhizome and mother rhizome characters had highest positive direct effect on fresh rhizome yield per plant, suggesting that, selection for these individual traits will results in improving the genotypes for fresh rhizome yield.


Keywords: Black turmeric, phenotypic correlation, genotypic correlation, path coefficient,  weight of the primary rhizome, weight of the mother rhizome
1. INTRODUCTION 
Curcuma caesia Roxb., is having high economical importance owing to its putative medicinal properties. Leaves, roots, bulbs and rhizomes are used in Ayurvedic, Unani and Siddhha medicine system (Pandey and chowdhary, 2003). Pharmacologically blood purifying activity (Arulmozhi et al., 2006), bronchodilating activity (Paliwal et al., 2011), antioxidant activity (Mangla et al., 2010), anxiolytic and CNS depressant activity, locomotor depressant, anticonvulsant (Karmakar et al., 2011), anthelmintic activity (Gill et al., 2011), anti-bacterial activity (Rajamma et al., 2012), anti-ulcer activity (Das et al., 2012) were reported by several workers.  

Presently this herb is considered as critically endangered (threatened) species, by looking in to the present status and broad spectrum medicinal activity on several ailments, conservation measures need to be taken for this rare and unconventional medicinally important plant. Thus efforts should be made to conserve and work for the betterment of this plant species. 

Genetic variation has implications for the conservation at the species level. Systematic and detailed characterization of available genotypes is required for better conservation. Since the plant has reproductive sterility, creation of variability by conventional hybridization technique is difficult. The best option is exploitation of available natural variability through collection and evaluation of different genotypes. It is necessary to understand the genetic architecture and morphological characters and interrelationship among them for improvement of both quantitative and qualitative traits. Importance should be given for the identification of characters for development of selection criteria for high yielding genotypes. The expression of a character in a plant is consequences of inter relationships/interactions among characters either directly or through other events. In any crop, yield is a complex character being influenced by several other traits. The correlation coefficient analysis measures the mutual relationship between various characters and it determines the component traits on which selection can be relied upon to effect the improvement. There are three types of correlations viz., phenotypic, genotypic and environmental correlations.

Variability studies provide information on the extent of improvement in different characters, but they do not throw light on the extent and nature of relationship existing between various characters. Therefore, for rational approach towards the improvement of yield, selection has to be made for the components of yield, since there may not be genes for yield perse, but only for various yield components (Grafius, 1959). Genetic correlations between two characters arise because of linkage, pleiotrophy or development induced functional relationship (Harland, 1939). Hence, correlation study has greater significance and could be effectively utilized in formulating an effective selection scheme.

Improvement on yield, the most important target character in many crops, it can be achieved by direct selection through other easily observable characters. But, this needs a good understanding of association of different traits with fresh rhizome yield and their possible associations among themselves. Many of these yield contributing characters are interact in desirable and undesirable direction. Therefore, knowledge of association between the traits can greatly help in avoiding inversely related compensation effects during selection. 

Phenotypic correlation is the observable correlation between two variables and includes both genotypic and environmental effects. Genotypic correlation on the other hand, is the inherent association between two variables may be either due to pleiotropic action of genes or linkage, more likely both or developmentally induced relationships. 

Dewey and Lu (1959) used path co-efficient analysis technique for the first time in plant selection of crested wheat grass. The implication of correlation studies becomes more evident when magnitude of various attributes contributing to correlation.

Path analysis is simply standardized partial regression co-efficient, which splits the correlation co-efficient into the measures of direct and indirect effects of a set of independent variables on the dependent variable. Partitioning of the total correlation into direct and indirect effects would be worthwhile for an effective selection programme. If the correlation co-efficient between causal factor and the effect are almost equal to its direct effect, then correlation explains the true relationship and a direct selection through this trait will be effective. If the correlation co-efficient is positive, but the direct effect is negative or negligible, the indirect effects seem to be cause of correlation. In such situations, the indirect causal factors need to be considered simultaneously for selection. Correlation co-efficient may be negative but the direct effect can be positive and high, under such circumstances, a restricted simultaneous selection model is to be followed, i.e., restrictions are to be imposed to nullify the undesirable indirect effects in order to make use of the direct effects.

The present study was undertaken to understand the Correlation and Path analysis in black turmeric (Curcuma caesia Roxb.) for different morphological and rhizome characters as a conservation measure. 

2. material and methods 
Thirty three black turmeric genotypes were collected from the provenance of the country (Table1). The genotypes were characterized at ICAR-KVK Chamarajanagar, Karnataka. Crop was grown during two consecutive seasons of 2018-19 and 2019-20 in a randomized block design with three replications. 54 rhizomes were planted in each plot (3m X 2m) at spacing of 30cm X 30cm. The field was maintained under uniform recommended cultural practices. Five plants of uniform size and vigour was selected for recording observations. 

Correlation analysis

The correlation co-efficient among all possible character combinations at phenotypic (rp) and genotypic (rg) level were estimated employing formula (Al- Jibouri et al., 1958).

                                                                    Covxy (p)

Phenotypic correlation = rxy (p) = ---------------------------------------

                                                               ÖVx (p) X Vy (p)

                                                                  Covxy (g)

Genotypic correlation = rxy (g) = ---------------------------------------

                                                               ÖVx (g) X Vy (g)

Where,

Covxy(g) = Genotypic covariance between x and y

Covxy(p) = Phenotypic covariance between x and y

Vx(g) = Genotypic variance of character ‘x’

Vx(p) = Phenotypic variance of character ‘x’

Vy(g) = Genotypic variance of character ‘y’

Vy(p) = Phenotypic variance of character ‘y’

The test of significance for association between characters was done by comparing table ‘r’ values at n-2 error degrees of freedom for phenotypic and genotypic correlations with estimated values, respectively.

Path co-efficient analysis

Path co-efficient analysis suggested by Wright (1921) and Dewey and Lu (1959) was carried out to know the direct and indirect effect of the morphological traits on plant yield. The following set of simultaneous equations were formed and solved for estimating various direct and indirect effects.

r1y = a + r12b + r13c + ………………....+ r1Ii

r2y = a + r21a + b + r23c + ……………..+ r2Ii

r3y = r31a + r32b + c + …………………..+ r3Ii

r1y = r11a + r12b + r13c + ……………..+ I

Where,

r1y to 11y = Co-efficient of correlation between causal factors 1 to I with dependent characters y.

r12 to r1I = Co-efficient of correlation among causal factors

a, b, c…….i = Direct effects of characters ‘a’ to ‘I’ on the dependent character ‘y’

Residual effect (R) was computed as follows.

Residual effect (R) = 1 - Öa2 + b2 + c2 + ………i2 + 2abr12 + 2acr13 + ….

The  direct  and  indirect  effects  are  rated  as  given  below  following the method of Lenka and Mishra (1973). 

0.00 to 0.09 = Negligible

0.10 to 0.19 = Low

0.20 to 0.29 = Moderate

0.30 to 0.99 = High

>1.00=   Very high

	#
	Genotype
	Place of origin
	Latitude
	Longitude
	Altitude (m)
	State

	01
	GKM-1
	Mijar,
	13° 4' 7.6764''N
	74° 59' 36.9564'' E
	147
	Karnataka

	02
	GKM-2
	Mangalore
	12°55'2.03"N
	74°51'21.71"E
	22
	Karnataka

	03
	GKB-3
	Bangalore
	12.9716° N
	77.5946° E
	920
	Karnataka

	04
	GKB-4
	Sanjeevini vatika
	13.0801° N
	77.5785° E
	924
	Karnataka

	05
	GKJ-5
	Joida
	15.1688° N
	74.4848° E
	532
	Karnataka

	06
	GMV-6
	Vidarbha-Gadehirolli
	21.1286° N
	79.0964° E
	1000
	Maharashtra

	07
	GBS-8
	Samastipur
	25.8629679N
	85.7810263E
	53
	Bihar

	08
	GBH-9
	Hajipur
	25.6858392N
	85.2145907E
	56
	Bihar

	09
	GGR-10
	Rajkote
	22° 17' 30N
	70° 47' 36E
	252
	Gujarat

	10
	GAB-11
	Bhoka Ghat Forest
	26.2006° N
	92.9376°E
	76
	Assam

	11
	GAB-12
	Bijuli
	28.0312°N
	82.9555°E
	97
	Assam

	12
	GAB-13
	Bokoliya
	26.0564°N
	93.1955°E
	600
	Assam

	13
	GAK-14
	Killing Basti
	26.8140°N
	82.7630°E
	680
	Assam

	14
	GMW-15
	Wakhro
	23° 43' 2.6256'' N
	92° 43' 5.2212'' E
	1619
	Mizoram

	15
	GMK16
	Kolasib
	24.2246° N
	92.6760° E
	722
	Mizoram

	16
	GMA-17
	Aizwal
	23.727106°N
	92.717636°E
	1132
	Mizoram

	17
	GOK-18
	Khurda
	20.1301° N
	85.4788° E
	75
	Odisha

	18
	GOK-19
	Koraput
	18.82°N
	82.72°E
	870
	Odisha

	19
	GAP-20
	Pasighat Area
	28.0619° N
	95.3260° E
	153
	Arunachal Pradesh

	20
	GMF-21
	Manipur – Forest
	24° 48' 50.2812'' N
	93° 57' 1.0044'' E
	900
	Manipur

	21
	GMI-22
	Imphal
	24.8170° N
	93.9368° E
	786
	Manipur

	22
	GMS-24
	Sagar
	23.8388° N
	78.7378° E
	427
	Madhya Pradesh

	23
	GNK-25
	Kohima
	25.6751° N
	94.1086° E
	1444
	Nagaland

	24
	GNU-26
	Uhkagoronga Hill
	25° 54' 22.5612'' N
	93° 43' 39.3312'' E
	3827
	Nagaland

	25
	GNF-27
	Nepal – Forest
	27° 42' 2.7684'' N
	85° 18' 0.5040'' E
	330
	Nepal

	26
	GKT-29
	Thrissur-Vellanikara
	10.5452° N
	76.2740° E
	22
	Kerala

	27
	GKK-30
	IISR Kozhikode
	11.2588° N
	75.7804° E
	1
	Kerala

	28
	GMR-31
	Ri-Bhoi
	25.8432° N
	91.9856° E
	485
	Meghalaya

	29
	GAD-32
	Dolamora Borpung
	26° 14' 38.9616'' N
	92° 32' 16.2312'' E
	615
	Assam

	30
	GNP-33
	Peren
	25.5125° N
	93.7391° E
	1445
	Nagaland

	31
	GBC-34
	Champaran
	27.1543° N
	84.3542° E
	62
	Bihar

	32
	GJG-35
	Godda
	24.8255° N
	87.2135° E
	87
	Jharkhand

	33
	GNP-36
	Phek
	25.6634° N
	94.4703° E
	1524
	Nagaland


Table 01: Details of black turmeric genotypes collected from provenance of the country.
3. results and discussion
Character association between fresh rhizome yield of genotypes and its components

Genotypic correlations

The genotypic correlations were estimated among 22 characters to determine the nature of association existing between rhizome yield per plant and its component characters and the results are presented in table 2. Association analysis revealed that a positive and significant (both at p=0.01 and at p=0.05) correlation of  fresh rhizome yield per plant with all the growth parameters viz., plant height at 210 DAS (0.823**), number of leaves per plant at 210DAS (0.799**), number of shoot per plant at 210 DAS (0.753**),  petiole length at 180 DAS (0.535**), leaf lamina length at 180DAS (0.583**), leaf lamina width at 180 DAS (0.600**), leaf area per plant at 180 DAS (0.698**), fresh biomass per plant (0.855**), weight of root tubers per clump (0.441**) and weight of roots per clump (0.775**) at genotypic level. 


Results indicating that these traits have certain inherent relationship with yield and suggests their importance in determining rhizome yield. Rhizome yield can be increased by improving these vegetative characters. Results were confirmed by Velmurugan et al. (2008),  Roy et al.,(2011), Verma et al. (2014), Jagadeesh kanth et al.,(2017) and Kallur et al., (2017) for plant height, number of leaves; Tomar et al. (2005) for number of tillers; Singh et al.,(2018) for plant height;  Thokchom et al.,(2018) for plant height and leaf width in turmeric. Paw et al., (2020) observed positive non-significant association of plant height, number of tillers /plant, number of leaf /plant, leaf length and leaf width in black turmeric.

The economic value of black turmeric is determined by fresh rhizome yield per plant and the genetic relationship with other yield components are also consider important. At genotypic level, among the yield attributes number of mother rhizomes per clump had negative non significant correlation (-0.029) with fresh rhizome yield per plant. Weight of the primary rhizome (0.997**) had maximum correlation, followed by cured rhizome yield per plant (0.991**), weight of the mother rhizome per clump (0.983**), girth of primary rhizome (0.871**), length of the mother rhizome (0.851**), length of the primary rhizome (0.837**), number of primary rhizome (0.827**), girth of mother rhizome (0.748**), curing percentage (0.608**) and secondary finger numbers per clump (0.310**).

Applying selection pressure on these traits would be rewarding for improvement in the total yield. Selection for any of these independent traits leads to improving the genotypes for fresh rhizome yield. Similar findings were reported by Arvind et al., (2011), Verma et al., (2014), Jagadeeshkanth et al., (2017), Kallur et al., (2017), Singh et al., (2018), Aarthi et al., (2018).  Rao et (2006) for length of primary finger; Tomar et al.(2005) and Velmurugan et al. (2008) for girth of primary finger.  Thokchom et al., (2018) for rhizome length, width, weight and secondary fingers per rhizomes in turmeric. 

Table 02: Genotypic correlation coefficient analysis among growth and yield components in black turmeric genotype

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	1
	1
	0.844**
	0.696**
	0.764**
	0.853**
	0.760**
	0.795**
	0.744**
	0.339**
	0.730**
	0.778**
	0.795**
	0.304**
	0.790**
	0.922**
	0.998**
	0.942**
	0.841**
	-0.0387
	0.618**
	0.824**
	0.823**

	2
	
	1
	0.780**
	0.623
	0.679
	0.755
	0.622**
	0.753
	0.3648
	0.763**
	0.728**
	0.649**
	0.384**
	0.780**
	0.839**
	0.929**
	0.930**
	0.812**
	-0.1064
	0.434**
	0.773**
	0.799**

	3
	
	
	1
	0.661
	0.738
	0.790
	0.969
	0.7921
	0.5097
	0.690**
	0.623**
	0.742**
	0.491**
	0.696**
	0.844**
	0.940**
	0.998**
	0.787**
	-0.278**
	0.376**
	0.743**
	0.753**

	4
	
	
	
	1
	0.668**
	0.995
	0.697
	0.5457
	0.3315
	0.463**
	0.675**
	0.581**
	0.1117
	0.466**
	0.647**
	0.546**
	0.685**
	0.560**
	0.0752
	0.433**
	0.541**
	0.535**

	5
	
	
	
	
	1
	0.725**
	0.796
	0.5365
	0.2745
	0.508**
	0.741**
	0.647**
	0.084
	0.516**
	0.725**
	0.668**
	0.820**
	0.610**
	0.1251
	0.493**
	0.596**
	0.583**

	6
	
	
	
	
	
	1
	0.818**
	0.611**
	0.371**
	0.484**
	0.778**
	0.724**
	0.1517
	0.549**
	0.789**
	0.719**
	0.852**
	0.623**
	0.048
	0.574**
	0.622**
	0.600**

	7
	
	
	
	
	
	
	1
	0.676**
	0.345**
	0.700**
	0.837**
	0.666**
	0.1759
	0.655**
	0.763**
	0.879**
	0.836**
	0.718**
	0.0531
	0.485**
	0.695**
	0.698**

	8
	
	
	
	
	
	
	
	1
	0.833**
	0.751**
	0.611**
	0.812**
	0.211*
	0.806**
	0.742**
	0.699**
	0.750**
	0.865**
	0.290**
	0.434**
	0.832**
	0.855**

	9
	
	
	
	
	
	
	
	
	1
	0.416**
	0.212*
	0.509**
	0.394**
	0.389**
	0.337**
	0.358**
	0.425**
	0.456**
	0.1935
	0.1259
	0.413**
	0.441**

	10
	
	
	
	
	
	
	
	
	
	1
	0.623**
	0.638**
	-0.0278
	0.743**
	0.695**
	0.580**
	0.634**
	0.775**
	0.235*
	0.449**
	0.748**
	0.775**

	11
	
	
	
	
	
	
	
	
	
	
	1
	0.835**
	0.1173
	0.707**
	0.772**
	0.734**
	0.783**
	0.754**
	0.284**
	0.562**
	0.741**
	0.748**

	12
	
	
	
	
	
	
	
	
	
	
	
	1
	0.1263
	0.822**
	0.964**
	0.818**
	0.790**
	0.860**
	0.198*
	0.528**
	0.839**
	0.851**

	13
	
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.0627
	-0.0329
	0.259**
	0.249*
	-0.0094
	-0.353**
	-0.1142
	-0.0487
	-0.029

	14
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.835**
	0.829**
	0.797**
	0.969**
	0.278**
	0.612**
	0.978**
	0.983**

	15
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.780**
	0.860**
	0.884**
	0.1588
	0.642**
	0.866**
	0.871**

	16
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.969**
	0.848**
	0.045
	0.599**
	0.845**
	0.837**

	17
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.842**
	0.127
	0.693**
	0.858**
	0.827**

	18
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.287**
	0.606**
	0.989**
	0.997**

	19
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.1139
	0.296**
	0.310**

	20
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.684**
	0.608**

	21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.991**

	22
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


	1
	Plant height at 210 DAS (cm)
	9
	Weight of root tubers per clump  (gm)
	17
	Number  of  primary rhizome per clump

	2
	Number of leaves/plant at  210 DAS
	10
	Weight of roots/plant (gm)
	18
	Weight  of  primary   rhizome  per clump (gm)

	3
	Number of Shoot/plant at  210 DAS
	11
	Girth of mother rhizome (cm)
	19
	Number  of  secondary  rhizome  per clump

	4
	Petiole length at 180 DAS (cm)
	12
	Length of mother rhizome (cm)
	20
	Curing percentage

	5
	Leaf lamina length at 180 DAS (cm)
	13
	Number  of  mother rhizome per clump
	21
	Cured  rhizome yield / plant (gm) 

	6
	Leaf  lamina width at 180 DAS (cm)
	14
	Weight  of mother rhizome (gm) per clump
	22
	Fresh rhizome yield / plant (gm)

	7
	Leaf area per plant at 180DAS (cm2)
	15
	Girth of primary rhizome (cm)
	
	* Significant at 5 % probability level                     

	8
	Fresh biomass per plant (gm)
	16
	Length of primary rhizomes (cm)
	
	** Significant at 1% probability level


Phenotypic correlations

Phenotypic correlations among 22 parameters were computed and presented in Table 03 and described below.

Plant height exhibited negative and non-significant association with number of secondary rhizomes per clump (-0.0216) and non significant association with fresh rhizome yield per plant (0.5916), similarly number of leaves per plant at 210 DAS (0.4556), number of shoot per plant at 210 DAS (0.4995) and petiole length at 180 DAS (0.498) had non significant but positive association with rhizome yield per plant. This clearly shows that these vegetative characters may not have significant correlation but have a positive association with yield. The results clearly show that vigour of the plant may not be considered for selection of the superior genotypes with respect to yield. The results are confirmatory with the findings of Paw et al., (2020) in black turmeric. Thokchom et al., (2018) reported non significant association of number tillers for yield of turmeric accessions. Aarthi et al., (2018) also confirmed negative non significant association of number of tillers, number of leaves, petiole length with rhizome yield per plant in turmeric. Singh et al., (2018) reported number of tillers per plant and number of leaves per plant had positive correlation but non significant association with yield in turmeric. 

At phenotypic level size, shape, number, weight and length of the rhizome is unique and different from genotype to genotype. The phenotypic relation between yield and other components is very important. Phenotypically fresh rhizome yield per plant had positive and highly significant correlation with weight of primary fingers per clump (0.998**), cured rhizome yield per plant (0.990**). weight of mother rhizome (0.983**), biomass per plant (0.835**), length of mother rhizome (0.747**), weight of roots per clump (0.747**), length of primary fingers (0.726**), girth of primary fingers (0.720**), girth of mother rhizome (0.659**), leaf area per plant at 180 DAS (0.630**), number of primary fingers per clump (0.603**), curing percentage (0.588**), leaf lamina width at 180 DAS (0.501**), leaf lamina length at 180 DAS (0.481**), weight of root tubers per clump (0.421**) and number of secondary fingers per clump (0.306**). Negative and non significant association was observed for number of mother rhizome per clump (-0.0264). These findings were in close conformity with the observations of Hazra et al.,(2000), Ravindra (2001), Narayanpur and Hanamashetti (2003), Yadav et al., (2006), Verma et al., (2014), Prajapathi et al., (2014) Jagadeeshkanth et al., (2017) and Kallur et al., (2017). 

Table 03. Phenotypic correlations coefficient analysis among growth and yield components in black turmeric genotypes

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22

	1
	1
	0.5541 ***
	0.6410 ***
	0.4960 ***
	0.4732 ***
	0.5513 ***
	0.7027 ***
	0.5416 ***
	0.2878 **
	0.5535 ***
	0.5496 ***
	0.4848 ***
	0.1537
	0.5699 ***
	0.4862 ***
	0.6342 ***
	0.4376 ***
	0.6046 ***
	-0.0216
	0.4103 ***
	0.5877 ***
	0.5916

	2
	
	1
	0.4795 ***
	0.3721 ***
	0.3956 ***
	0.4038 ***
	0.5532 ***
	0.4388 ***
	0.2515 *
	0.4042 ***
	0.4278 ***
	0.3256 **
	0.1977 *
	0.4458 ***
	0.4261 ***
	0.4668 ***
	0.4345 ***
	0.4625 ***
	-0.0524
	0.2742 **
	0.4572 ***
	0.4556

	3
	
	
	1
	0.4470 ***
	0.3631 ***
	0.4557 ***
	0.6250 ***
	0.5639 ***
	0.3938 ***
	0.4543 ***
	0.4484 ***
	0.4458 ***
	0.3437 ***
	0.4611 ***
	0.4514 ***
	0.5407 ***
	0.3802 ***
	0.5221 ***
	-0.1755
	0.2247 *
	0.4855 ***
	0.4995

	4
	
	
	
	1
	0.8375 ***
	0.7635 ***
	0.5883 ***
	0.5099 ***
	0.3094 **
	0.4328 ***
	0.5897 ***
	0.4769 ***
	0.0999
	0.4343 ***
	0.5281 ***
	0.4977 ***
	0.4755 ***
	0.5215 ***
	0.0769
	0.3925 ***
	0.5027 ***
	0.498

	5
	
	
	
	
	1
	0.7873 ***
	0.5932 ***
	0.4577 ***
	0.2438 *
	0.4052 ***
	0.5850 ***
	0.4277 ***
	0.0575
	0.4254 ***
	0.5443 ***
	0.5304 ***
	0.4988 ***
	0.5041 ***
	0.0842
	0.4070 ***
	0.4930 ***
	0.481**

	6
	
	
	
	
	
	1
	0.5979 ***
	0.4951 ***
	0.3159 **
	0.4097 ***
	0.6404 ***
	0.5365 ***
	0.1016
	0.4582 ***
	0.5600 ***
	0.5097 ***
	0.5599 ***
	0.5205 ***
	0.0564
	0.4798 ***
	0.5208 ***
	0.501**

	7
	
	
	
	
	
	
	1
	0.5975 ***
	0.2959 **
	0.6030 ***
	0.6911 ***
	0.5520 ***
	0.1504
	0.5923 ***
	0.5224 ***
	0.6521 ***
	0.5912 ***
	0.6471 ***
	0.0778
	0.4334 ***
	0.6312 ***
	0.630**

	8
	
	
	
	
	
	
	
	1
	0.8252 ***
	0.7289 ***
	0.5374 ***
	0.6837 ***
	0.1687
	0.7874 ***
	0.5976 ***
	0.6190 ***
	0.5041 ***
	0.8444 ***
	0.2646 **
	0.4196 ***
	0.8113 ***
	0.835**

	9
	
	
	
	
	
	
	
	
	1
	0.4035 ***
	0.2046 *
	0.4126 ***
	0.3179 **
	0.3714 ***
	0.2766 **
	0.3132 **
	0.2621 **
	0.4357 ***
	0.1698
	0.1212
	0.3935 ***
	0.421**

	10
	
	
	
	
	
	
	
	
	
	1
	0.5587 ***
	0.5187 ***
	-0.0385
	0.7170 ***
	0.5864 ***
	0.5309 ***
	0.4443 ***
	0.7479 ***
	0.2136 *
	0.4151 ***
	0.7177 ***
	0.747**

	11
	
	
	
	
	
	
	
	
	
	
	1
	0.6601 ***
	0.1037
	0.6232 ***
	0.6244 ***
	0.6057 ***
	0.5677 ***
	0.6638 ***
	0.2170 *
	0.4873 ***
	0.6546 ***
	0.659**

	12
	
	
	
	
	
	
	
	
	
	
	
	1
	0.0926
	0.7224 ***
	0.7051 ***
	0.6004 ***
	0.5572 ***
	0.7545 ***
	0.1990 *
	0.4632 ***
	0.7401 ***
	0.747**

	13
	
	
	
	
	
	
	
	
	
	
	
	
	1
	-0.0528
	0.0033
	0.1633
	0.1785
	-0.0111
	-0.3001 **
	-0.0732
	-0.0358
	-0.0264

	14
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.6914 ***
	0.7211 ***
	0.5828 ***
	0.9697 ***
	0.2750 **
	0.5923 ***
	0.9769 ***
	0.983**

	15
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.6786 ***
	0.5768 ***
	0.7315 ***
	0.1184
	0.5226 ***
	0.7187 ***
	0.720**

	16
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.5536 ***
	0.7354 ***
	0.0232
	0.5229 ***
	0.7370 ***
	0.726**

	17
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.6135 ***
	0.0939
	0.4701 ***
	0.6292 ***
	0.603**

	18
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.2844 **
	0.5864 ***
	0.9878 ***
	0.998**

	19
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.0987
	0.2910 **
	0.306**

	20
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.6690 ***
	0.588**

	21
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1
	0.990**

	22
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


	1
	Plant height at 210 DAS (cm)
	9
	Weight of root tubers per clump  (gm)
	17
	Number  of  primary rhizome fingers  per clump

	2
	Number of leaves/plant at  210 DAS
	10
	Weight of roots/plant (gm)
	18
	Weight  of  primary  fingers per clump (gm)

	3
	Number of Shoot/plant at  210 DAS
	11
	Girth of mother rhizome (cm)
	19
	Number  of  secondary fingers

	4
	Petiole length at 180 DAS (cm)
	12
	Length of mother rhizome (cm)
	20
	Curing percentage

	5
	Leaf lamina length at 180 DAS (cm)
	13
	Number  of mother rhizome 
	21
	Cured  rhizome yield per plant (gm)

	6
	Leaf  lamina width at 180 DAS (cm)
	14.
	Weight  of mother rhizome (gm)
	22
	Fresh rhizome yield per plant (gm)

	7
	Leaf area per plant at 180 DAS (cm2)
	15.
	Girth of primary rhizome fingers (cm)
	
	* Significant at 5 % probability level                     

	8
	Fresh biomass per plant (gm)
	16.
	Length of primary rhizome fingers (cm)
	
	** Significant at 1% probability level


Path coefficient analysis

The correlation coefficients denote only the nature and extent of association existing between a pair of characters. A dependent character like yield is influenced by several component characters which are mutually associated. Each component has two path actions viz., direct effect and indirect effects through components which are not revealed by correlation studies.

The path analysis of fresh rhizome yield per plant (g) was done with twenty one independent character involving growth and yield parameters. The matrixes of direct and indirect effects were   presented in the table 4 and 5.

Genotypic path coefficient analysis

Genotypic path coefficient analysis was carried out by considering fresh rhizome yield per plant (gm) as dependent variable and others as independent variables (Table 4). The residual effect of the genotypic path analysis was 0.0126 (negligible) indicating that, the characters considered for the path analysis were appropriate for the study.


Out of twenty one traits, weight of the primary rhizome per clump had registered highest positive direct effect (0.7899), followed by weight of the mother rhizome per clump (0.3337), leaf lamina length at 180 DAS (0.0581), girth of the mother rhizome (0.0468), number of primary fingers of the rhizome (0.0355), weight of the root tubers per clump (0.0297), plant height at 210 DAS (0.0156), girth of the primary rhizome fingers (0.0149), number of secondary rhizome fingers per clump (0.008), curing percentage (0.0083) and number of mother rhizomes per clump (0.002) at negligible level on fresh rhizome yield per plant (Fig 1 & 1A). So, selection for primary and mother rhizome weight per plant directly leads to yield improvement. Other than any of above said independent traits also leads to improving the genotypes for fresh rhizome yield.

Other traits like cured rhizome yield per plant (-0.0951), length of the primary rhizome (-0.066), leaf lamina width at 180DAS (-0.0636), length of the mother rhizome (-0.0354), petiole length at 180 DAS (-0.0187), weight of the roots per clump (-0.0166), biomass of the plant (-0.0136), number of shoots per plant at 210DAS(-0.0018) and number of leaves per plant at 210DAS (-0.0009) had negligeable negative direct effect on fresh rhizome yield per plant.  

Path-coefficient analysis revealed that genotypically fresh rhizome yield/pl (g) was directly influenced by plant height at 210 DAS, leaf lamina length at 180 DAS, weight of the root tubers per clump, girth of the mother rhizome, number of mother rhizome, weight of the mother rhizome, girth of the primary rhizome, number of primary rhizome, weight of the primary rhizome, number of secondary rhizome and curing percentage. Similar findings were reported at varying magnitude by Paw et al.,(2020) in black turmeric. Tomar et al. (2005),Velmurugan et al. (2008) for girth of primary finger; Prajapathi et al., (2014) for plant height, number of secondary rhizome, weight of the mother 

Table 4. Genotypic path coefficient analysis for growth and yield components in black turmeric genotypes

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	rG

	1
	0.0156
	0.0176
	0.0162
	0.0119
	0.0133
	0.0119
	0.0161
	0.0116
	0.0053
	0.0114
	0.0122
	0.0124
	0.0047
	0.0123
	0.0144
	0.0156
	0.0147
	0.0131
	-0.0006
	0.0096
	0.0129
	0.823**

	2
	-0.001
	-0.0009
	-0.0011
	-0.0005
	-0.0006
	-0.0007
	-0.001
	-0.0007
	-0.0003
	-0.0007
	-0.0006
	-0.0006
	-0.0003
	-0.0007
	-0.0007
	-0.0008
	-0.0008
	-0.0007
	0.0001
	-0.0004
	-0.0007
	0.799**

	3
	-0.0019
	-0.0022
	-0.0018
	-0.0012
	-0.0013
	-0.0014
	-0.0017
	-0.0014
	-0.0009
	-0.0012
	-0.0011
	-0.0013
	-0.0009
	-0.0012
	-0.0015
	-0.0017
	-0.0019
	-0.0014
	0.0005
	-0.0007
	-0.0013
	0.753**

	4
	-0.0143
	-0.0116
	-0.0124
	-0.0187
	-0.0187
	-0.0186
	-0.013
	-0.0102
	-0.0062
	-0.0087
	-0.0126
	-0.0109
	-0.0021
	-0.0087
	-0.0121
	-0.0102
	-0.0128
	-0.0105
	-0.0014
	-0.0081
	-0.0101
	0.535**

	5
	0.0495
	0.0394
	0.0428
	0.0582
	0.0581
	0.0581
	0.0462
	0.0312
	0.0159
	0.0295
	0.043
	0.0376
	0.0049
	0.03
	0.0421
	0.0388
	0.0477
	0.0354
	0.0073
	0.0286
	0.0346
	0.583**

	6
	-0.0484
	-0.0481
	-0.0503
	-0.0633
	-0.0637
	-0.0636
	-0.052
	-0.0389
	-0.0236
	-0.0308
	-0.0495
	-0.0461
	-0.0097
	-0.0349
	-0.0502
	-0.0458
	-0.0542
	-0.0396
	-0.0031
	-0.0365
	-0.0396
	0.600**

	7
	-0.0091
	-0.0097
	-0.0086
	-0.0062
	-0.007
	-0.0072
	-0.0088
	-0.006
	-0.0031
	-0.0062
	-0.0074
	-0.0059
	-0.0016
	-0.0058
	-0.0067
	-0.0078
	-0.0074
	-0.0063
	-0.0005
	-0.0043
	-0.0061
	0.698**

	8
	-0.0101
	-0.0103
	-0.0108
	-0.0074
	-0.0073
	-0.0083
	-0.0092
	-0.0136
	-0.0113
	-0.0102
	-0.0083
	-0.011
	-0.0029
	-0.011
	-0.0101
	-0.0095
	-0.0102
	-0.0118
	-0.0039
	-0.0059
	-0.0113
	0.855**

	9
	0.0101
	0.0108
	0.0151
	0.0098
	0.0081
	0.011
	0.0102
	0.0247
	0.0297
	0.0123
	0.0063
	0.0151
	0.0117
	0.0115
	0.010
	0.0106
	0.0126
	0.0135
	0.0057
	0.0037
	0.0123
	0.441**

	10
	-0.0121
	-0.0127
	-0.0115
	-0.0077
	-0.0084
	-0.008
	-0.0116
	-0.0125
	-0.0069
	-0.0166
	-0.0103
	-0.0106
	0.0005
	-0.0123
	-0.0116
	-0.0096
	-0.0105
	-0.0129
	-0.0039
	-0.0075
	-0.0124
	0.775**

	11
	0.0364
	0.034
	0.0291
	0.0316
	0.0346
	0.0364
	0.0391
	0.0286
	0.0099
	0.0291
	0.0468
	0.039
	0.0055
	0.0331
	0.0361
	0.0343
	0.0366
	0.0353
	0.0133
	0.0263
	0.0347
	0.748**

	12
	-0.0282
	-0.023
	-0.0263
	-0.0206
	-0.0229
	-0.0256
	-0.0236
	-0.0288
	-0.018
	-0.0226
	-0.0296
	-0.0354
	-0.0045
	-0.0291
	-0.0341
	-0.029
	-0.028
	-0.0305
	-0.007
	-0.0187
	-0.0297
	0.851**

	13
	0.0006
	0.0008
	0.001
	0.0002
	0.0002
	0.0003
	0.0003
	0.0004
	0.0008
	-0.0001
	0.0002
	0.0002
	0.002
	-0.0001
	-0.0001
	0.0005
	0.0005
	0.001
	-0.0007
	-0.0002
	-0.0001
	-0.029

	14
	0.2637
	0.2603
	0.2324
	0.1555
	0.1723
	0.1833
	0.2186
	0.2689
	0.13
	0.2478
	0.236
	0.2742
	-0.0209
	0.3337
	0.2785
	0.2767
	0.266
	0.3234
	0.0927
	0.2043
	0.3264
	0.983**

	15
	0.0138
	0.0125
	0.0126
	0.0097
	0.0108
	0.0118
	0.0114
	0.0111
	0.005
	0.0104
	0.0115
	0.0144
	-0.0005
	0.0125
	0.0149
	0.0117
	0.0129
	0.0132
	0.0024
	0.0096
	0.0129
	0.871**

	16
	-0.0658
	-0.0613
	-0.062
	-0.036
	-0.0441
	-0.0474
	-0.058
	-0.0461
	-0.0236
	-0.0383
	-0.0484
	-0.0539
	-0.0171
	-0.0547
	-0.0515
	-0.066
	-0.0639
	-0.0559
	-0.003
	-0.0395
	-0.0557
	0.837**

	17
	0.0334
	0.033
	0.0371
	0.0243
	0.0291
	0.0302
	0.0296
	0.0266
	0.0151
	0.0225
	0.0278
	0.028
	0.0088
	0.0283
	0.0305
	0.0343
	0.0355
	0.0299
	0.0045
	0.0246
	0.0304
	0.827**

	18
	0.6644
	0.6412
	0.6215
	0.4423
	0.482
	0.4917
	0.5669
	0.683
	0.3603
	0.6123
	0.5954
	0.6792
	-0.0075
	0.7655
	0.6985
	0.6694
	0.6649
	0.7899
	0.2269
	0.4788
	0.7814
	0.997**

	19
	-0.0003
	-0.0008
	-0.0022
	0.0006
	0.001
	0.0004
	0.0004
	0.0023
	0.0015
	0.0019
	0.0023
	0.0016
	-0.0028
	0.0022
	0.0013
	0.0004
	0.001
	0.0023
	0.008
	0.0009
	0.0024
	0.310**

	20
	0.0052
	0.0036
	0.0031
	0.0036
	0.0041
	0.0048
	0.0041
	0.0036
	0.0011
	0.0038
	0.0047
	0.0044
	-0.001
	0.0051
	0.0054
	0.005
	0.0058
	0.0051
	0.001
	0.0083
	0.0057
	0.608**

	21
	-0.0783
	-0.0735
	-0.0707
	-0.0515
	-0.0567
	-0.0591
	-0.0661
	-0.0791
	-0.0393
	-0.0711
	-0.0705
	-0.0798
	0.0046
	-0.093
	-0.0823
	-0.0803
	-0.0816
	-0.0941
	-0.0281
	-0.065
	-0.0951
	0.991**


	1
	Plant height @ 210 DAS (cm)
	9
	Fresh weight of root tubers /plant  (gm)
	17
	Primary rhizome number

	2
	Number of Leaves/Plant @ 210 DAS
	10
	Fresh weight of roots/plant (gm)
	18
	Primary rhizome weight  (gm)

	3
	Number of Shoot/plant @ 210 DAS
	11
	Mother rhizome girth (cm)
	19
	Secondary rhizome number

	4
	Leaf petiole length @ 180 DAS (cm)
	12
	Mother rhizome length (cm)
	20
	Curing percentage

	5
	Leaf lamina length @ 180 DAS (cm)
	13
	Mother rhizome number
	21
	Cured  rhizome yield per plant (gm)

	6
	Leaf  lamina width @ 180 DAS (cm)
	14.
	Mother rhizome weight (gm)
	22
	Genotypic correlation with fresh rhizome yield per plant (gm)

	7
	Leaf area per plant @ 180DAS (cm2)
	15.
	Primary rhizome girth  (cm)
	
	* Significant at 5 % probability level                     

	8
	Fresh biomass per plant (gm)
	16.
	Primary rhizome length  (cm)
	
	** Significant at 1% probability level
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Fig1: Genotypic path diagram for growth and yield components in black turmeric

Fig1A.  Shaded genotypic path coefficient matrix for  growth and yield components in black turmeric
and primary rhizomes; Singh et al., (2012) for mother rhizome weight and plant height,  Mishra et al., (2015) for plant height;  Kallur et al., (2017) for number of primary rhizome, number of secondary rhizome, weight of mother rhizome, weight of primary rhizome in turmeric; Ravi et al., (2017) for curing percentage in ginger.

Number of leaves per plant at 210 DAS, number of shoots per plant at 210 DAS, petiole length at 180 DAS, leaf lamina width at 180 DAS, leaf area per plant at 180 DAS, fresh biomass per plant, weight of the roots per clump, length of the mother rhizome, length of the primary rhizome and cured rhizome yield per plant had negative direct effect on fresh rhizome yield. Similar results were reported by Rao et al. (2006) for length of mother rhizome; Tomar et al. (2005) for number of tillers, Singh and Ramkrishna (2014) for shoot thickness and number of tillers; Verma et al. (2014) for number of tillers; Vijay et al., (2015) for number of tillers, number of leaves per plant and length of primary rhizomes; Mishra et al., (2015) for leaf width, petiole length;  Jagadeeshkanth et al., (2017) for number of tillers, primary rhizome length, leaf area in turmeric; Ravi et al., (2017) for number of leaves and length of the primary fingers in ginger.

Phenotypic path coefficient analysis

Phenotypic path coefficient analysis was carried out by considering fresh rhizome yield per plant as dependent variable and other characters as independent variables (Table 5). The residual effect of the phenotypic path coefficient analysis was 0.013 (negligeable) indicating that, the characters considered for the path analysis were appropriate for the study.

The results revealed that, among the characters studied, weight of the primary rhizome per clump had highest positive direct effect (0.7697) on fresh rhizome yield (g/plant) followed by weight of the mother rhizome per clump (0.2739).  Low magnitude direct effect was observed for biomass per plant (0.025), number of secondary rhizome fingers (0.0233), girth of the mother rhizome (0.009), number of mother rhizome (0.0074), curing percentage (0.0065), weight of the roots per clump (0.0042), petiole length (0.0039) and number of leaves per plant at 210DAS (0.0016) on rhizome yield per plant (Fig 2 & 2A).

While cured rhizome yield per plant (-0.0479), weight of root tubers per clump (-0.0170), length of the primary rhizome (-0.0107), leaf area per plant (-0.0087), length of mother rhizome (-0.0074), leaf lamina length at 180 DAS (-0.005), number of leaves per plant at 210 DAS (-0.0019), number of primary rhizome (-0.0019), girth of primary rhizome (-0.0017), leaf lamina width at 180 DAS (-0.0014) and plant height at 210DAS (-0.0013) had negligeable negative direct effect on fresh rhizome yield per plant.

Phenotypic path-coefficient analysis revealed that fresh rhizome yield (g/pl) was directly influenced by number of leaves per plant at 210 DAS, petiole length at 180 DAS, biomass per plant, weight of the roots per clump, girth of the mother rhizome, number of mother rhizome, weight of the mother rhizome per clump, weight of the primary rhizome per clump, number of secondary fingers and curing percentage. Similar results were reported by Paw et al., (2020) for number of mother rhizome and number of secondary rhizomes in black turmeric;  Velmurugan et al. (2008) for number of leaves, Verma et al. (2014) for number of leaves and weight of the primary rhizomes per clump,  Vijay et al., (2015) for number of leaves per plant, weight of the primary rhizome, mother rhizome weight; Jagadeeshkanth et al., (2017) for number of leaves, number of mother rhizome, and number of secondary rhizomes, Aarthi et al., (2018) for petiole length, girth of the mother rhizome, weight of the mother rhizome and weight of the primary rhizome; Thokchom et al.,(2018) for rhizome length, rhizome width and secondary fingers per rhizome in turmeric. Therefore, direct selection for these traits would reward for improvement of yield.

Plant height at 210 DAS, number of shoots per plant at 210 DAS, leaf lamina length at 180 DAS, leaf lamina width at 180 DAS, leaf area per plant at 180 DAS, weight of the sessile tubers per clump, length of the mother rhizome, girth of the primary rhizome, primary rhizome length, number of primary rhizome per clump and cured rhizome yield per plant had negative direct effect on fresh rhizome yield. The results are in line with Paw et al., (2020) for leaf width in black turmeric; Rao et al. (2006) for number of primary finger, girth of primary finger, length of mother rhizome; Tomar et al. (2005) for number of primary finger, Verma et al., (2014) for plant height, number of tillers per clump, Jagadeeshkanth et al., (2017) for leaf area per plant and primary rhizome length; Aarthi et al., (2018) for plant height, leaf width, girth of the primary rhizome; Thokchom et al.,(2018) for leaf length, leaf width and dry rhizome weight per plant in turmeric.

In the present investigation, genotypic correlation is higher than phenotypic correlation for all the characters, indicating little influence of environment and the presence of inherent association between various characters. Similar results were obtained by Rajyalakshmi et al., (2013), Prajapathi et al., (2014), Vijay et al., (2015), Gupta et al.,(2016) , Kallur et al., (2017) and Thokchom et al., (2018) in turmeric. Yield is a complex character determined by several other characters. Hence, the association of these characters with yield and among themselves is of paramount importance in framing effective selection.

Table 5.  Phenotypic path coefficient analysis for growth and yield components in black turmeric genotypes.

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	rP

	1
	-0.0013
	-0.0007
	-0.0008
	-0.0006
	-0.0006
	-0.0007
	-0.0009
	-0.0007
	-0.0004
	-0.0007
	-0.0007
	-0.0006
	-0.0002
	-0.0007
	-0.0006
	-0.0008
	-0.0005
	-0.0008
	0.0001
	-0.0005
	-0.0007
	0.5916

	2
	0.0009
	0.0016
	0.0007
	0.0006
	0.0006
	0.0006
	0.0009
	0.0007
	0.0004
	0.0006
	0.0007
	0.0005
	0.0003
	0.0007
	0.0007
	0.0007
	0.0007
	0.0007
	-0.0001
	0.0004
	0.0007
	0.4556

	3
	-0.0012
	-0.0009
	-0.0019
	-0.0008
	-0.0007
	-0.0009
	-0.0012
	-0.0011
	-0.0007
	-0.0009
	-0.0008
	-0.0008
	-0.0007
	-0.0009
	-0.0009
	-0.001
	-0.0007
	-0.001
	0.0003
	-0.0004
	-0.0009
	0.4995

	4
	0.0019
	0.0014
	0.0017
	0.0039
	0.0032
	0.0029
	0.0023
	0.002
	0.0012
	0.0017
	0.0023
	0.0018
	0.0004
	0.0017
	0.002
	0.0019
	0.0018
	0.002
	0.0003
	0.0015
	0.0019
	0.498

	5
	-0.0024
	-0.002
	-0.0018
	-0.0042
	-0.005
	-0.004
	-0.003
	-0.0023
	-0.0012
	-0.002
	-0.0029
	-0.0021
	-0.0003
	-0.0021
	-0.0027
	-0.0027
	-0.0025
	-0.0025
	-0.0004
	-0.002
	-0.0025
	0.481**

	6
	-0.0008
	-0.0006
	-0.0006
	-0.0011
	-0.0011
	-0.0014
	-0.0008
	-0.0007
	-0.0004
	-0.0006
	-0.0009
	-0.0007
	-0.0001
	-0.0006
	-0.0008
	-0.0007
	-0.0008
	-0.0007
	-0.0001
	-0.0007
	-0.0007
	0.501**

	7
	-0.0061
	-0.0048
	-0.0054
	-0.0051
	-0.0052
	-0.0052
	-0.0087
	-0.0052
	-0.0026
	-0.0052
	-0.006
	-0.0048
	-0.0013
	-0.0051
	-0.0045
	-0.0057
	-0.0051
	-0.0056
	-0.0007
	-0.0038
	-0.0055
	0.630**

	8
	0.0135
	0.011
	0.0141
	0.0127
	0.0114
	0.0124
	0.0149
	0.025
	0.0206
	0.0182
	0.0134
	0.0171
	0.0042
	0.0197
	0.0149
	0.0155
	0.0126
	0.0211
	0.0066
	0.0105
	0.0203
	0.835**

	9
	-0.0049
	-0.0043
	-0.0067
	-0.0053
	-0.0041
	-0.0054
	-0.005
	-0.014
	-0.017
	-0.0069
	-0.0035
	-0.007
	-0.0054
	-0.0063
	-0.0047
	-0.0053
	-0.0045
	-0.0074
	-0.0029
	-0.0021
	-0.0067
	0.421**

	10
	0.0023
	0.0017
	0.0019
	0.0018
	0.0017
	0.0017
	0.0025
	0.003
	0.0017
	0.0042
	0.0023
	0.0022
	-0.0002
	0.003
	0.0024
	0.0022
	0.0018
	0.0031
	0.0009
	0.0017
	0.003
	0.747**

	11
	0.005
	0.0039
	0.0041
	0.0053
	0.0053
	0.0058
	0.0062
	0.0049
	0.0018
	0.005
	0.009
	0.006
	0.0009
	0.0056
	0.0056
	0.0055
	0.0051
	0.006
	0.002
	0.0044
	0.0059
	0.659**

	12
	-0.0036
	-0.0024
	-0.0033
	-0.0035
	-0.0032
	-0.004
	-0.0041
	-0.005
	-0.003
	-0.0038
	-0.0049
	-0.0074
	-0.0007
	-0.0053
	-0.0052
	-0.0044
	-0.0041
	-0.0056
	-0.0015
	-0.0034
	-0.0055
	0.747**

	13
	0.0011
	0.0015
	0.0025
	0.0007
	0.0004
	0.0008
	0.0011
	0.0013
	0.0024
	-0.0003
	0.0008
	0.0007
	0.0074
	-0.0004
	0.0001
	0.0012
	0.0013
	-0.0001
	-0.0022
	-0.0005
	-0.0003
	-0.0264

	14
	0.1561
	0.1221
	0.1263
	0.119
	0.1165
	0.1255
	0.1622
	0.2157
	0.1017
	0.1964
	0.1707
	0.1979
	-0.0145
	0.2739
	0.1894
	0.1975
	0.1597
	0.2656
	0.0753
	0.1622
	0.2676
	0.983**

	15
	-0.0008
	-0.0007
	-0.0008
	-0.0009
	-0.0009
	-0.001
	-0.0009
	-0.001
	-0.0005
	-0.001
	-0.0011
	-0.0012
	0.0001
	-0.0012
	-0.0017
	-0.0012
	-0.001
	-0.0013
	-0.0002
	-0.0009
	-0.0012
	0.720**

	16
	-0.0068
	-0.005
	-0.0058
	-0.0053
	-0.0057
	-0.0054
	-0.007
	-0.0066
	-0.0033
	-0.0057
	-0.0065
	-0.0064
	-0.0017
	-0.0077
	-0.0073
	-0.0107
	-0.0059
	-0.0079
	-0.0002
	-0.0056
	-0.0079
	0.726**

	17
	-0.0008
	-0.0008
	-0.0007
	-0.0009
	-0.0009
	-0.001
	-0.0011
	-0.0009
	-0.0005
	-0.0008
	-0.0011
	-0.001
	-0.0003
	-0.0011
	-0.0011
	-0.001
	-0.0019
	-0.0011
	-0.0002
	-0.0009
	-0.0012
	0.603**

	18
	0.4654
	0.356
	0.4019
	0.4014
	0.3881
	0.4007
	0.4981
	0.65
	0.3354
	0.5757
	0.511
	0.5808
	-0.0086
	0.7464
	0.563
	0.5661
	0.4722
	0.7697
	0.2189
	0.4514
	0.7603
	0.998**

	19
	-0.0005
	-0.0012
	-0.0041
	0.0018
	0.002
	0.0013
	0.0018
	0.0062
	0.004
	0.005
	0.0051
	0.0046
	-0.007
	0.0064
	0.0028
	0.0005
	0.0022
	0.0066
	0.0233
	0.0023
	0.0068
	0.306**

	20
	0.0027
	0.0018
	0.0015
	0.0025
	0.0026
	0.0031
	0.0028
	0.0027
	0.0008
	0.0027
	0.0032
	0.003
	-0.0005
	0.0038
	0.0034
	0.0034
	0.003
	0.0038
	0.0006
	0.0065
	0.0043
	0.588**

	21
	-0.0281
	-0.0219
	-0.0232
	-0.0241
	-0.0236
	-0.0249
	-0.0302
	-0.0388
	-0.0188
	-0.0344
	-0.0313
	-0.0354
	0.0017
	-0.0468
	-0.0344
	-0.0353
	-0.0301
	-0.0473
	-0.0139
	-0.032
	-0.0479
	0.990**


* Significant at 5 % probability level          ** Significant at 1% probability level

	1
	Plant height @ 210  DAS (cm)
	9
	Fresh weight of root tubers / plant (gm)
	17
	Primary rhizome number

	2
	Number of Leaves/Plant @ 210  DAS
	10
	Fresh weight of roots/plant (gm)
	18
	Primary rhizome weight  (gm)

	3
	Number of Shoot/Plant @ 210  DAS
	11
	Mother rhizome girth (cm)
	19
	Secondary rhizome number

	4
	Leaf petiole length @ 180 DAS (cm)
	12
	Mother rhizome length (cm)
	20
	Curing percentage

	5
	Leaf lamina length @ 180 DAS (cm)
	13
	Mother rhizome number
	21
	Cured  rhizomeyield per plant (gm)

	6
	Leaf  lamina width @ 180 DAS (cm)
	14.
	Mother rhizome weight (gm)
	rP
	Phenotypic correlation with fresh rhizome yield per plant (gm)

	7
	Leaf area per plant @ 180 DAS (cm2)
	15.
	Primary rhizome girth  (cm)
	
	* Significant at 5 % probability level                     

	8
	Fresh biomass per plant (gm)
	16.
	Primary rhizome length  (cm)
	
	** Significant at 1% probability level



Fig2: Phenotypic path diagram for growth and yield components in black turmeric genotype





























































































































































































































































































































































































Fig 2A.  Shaded phenotypic path coefficient pathway for growth and yield components in  black turmeric genotypes

4. Conclusion
Phenotypically vegetative characters have non-significant correlation but positive association with yield, reflects vigour of the plant need not be considered for selection of the superior genotypes with respect to yield in black turmeric. At both the level number of mother rhizomes per clump had negative non significant association.

Path coefficient analysis at genotypic and phenotypic level revealed that weight of the primary rhizome and mother rhizome characters had highest positive direct effect on fresh rhizome yield per plant, suggesting that, selection for these individual traits will results in improving the genotypes for fresh rhizome yield.

Consent 

Not applicable 

Ethical approval (whereever applicable)

The study did not involve human or animal subjects. Hence, ethical approval was not required. However, the collection of plant materials was conducted in accordance with institutional and national guidelines for conservation and sustainable utilization of plant genetic resources.
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