PERFORMANCE OF ADVANCE CHILI LINES ON THE BASIS OF STABILITY ANALYSIS 
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ABSTRACT
Stability analysis was carried out to study the adaptability behavior of six chili advance breeding lines; NARC Chili-1, NARC Chili-2, NARC Chili-3, NARC Chili-4, NARC Chili-5, NARC Chili-6 along with F1 hybrid ‘Big Dady’ as check were evaluated under RCBD with three replications at four locations; Swat, Chakwal, Faisalabad and Islamabad. Combined analyses of variance showed that mean yield of chili advance lines at four locations were statistically significant. The F-Statistic for Location x Genotypes Interaction was highly significant at 1 percent which indicates that the locations had significant effect on yield of chili genotypes.  Results of stability analysis revealed that NARC Chilli-2 was the most stable line with reference to yield and this could be suggested for planting under varying type of environments. NARC Chilli-6 and NARC Chilli-4 could be suitable for high yielding environments while NARC Chilli-1, NARC Chilli-3 and NARC Chilli-5 for poor yielding environments.
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INTRODUCTION
Chili (Capsicum annuum L.) is both a vegetable and spice crop and has a significant economic value in Pakistan which belongs to family solanacea.  It is vital element in day to day curries, chatnies and pickle. It is very profitable and gets good returns to the farmers. Chilies are acquired seasonally but consumed right through the year (Mahmud, K, Khokhar. 2013).The world production of chilies has been mounting and there has been a significant rise in the production level the late 1990s. It has achieved approximately 7 million tons per year currently from the figure of 2.5 million tons in the most recent decade. India is the world largest chilies producer, whose annual production is 11 lakh tones followed by china, Mexico and Pakistan (around 2 lakh tons) (K. M., Khokhar. 2013)..

In Pakistan since 2000-01 to 2010-11 chilis crop growing area has been decreased from 174.6 to 171.8 thousand tones. Sindh is the largest grower of chili with respect to area 55.3 thousands hectares with production of 122.9 thousand tons (Government of Pakistan, 2013). To get a potential yield, high yielding varieties and improved production technology have to be adopted.

The genotype x environment (G X E) relation is significant to plant breeders. The outcome of environmental variation on genotype performance recommended that collection of genotype is not possible from one environment but that genotypes must be assessed in different environments Hills 1975 suggested that classification of genotypes fluctuates according to the environment in which they evaluated. Commonly, genotypes which are consistent over their yield in various environments are preferred to those with high yield in selected environment. Breeders must go for the cultivars modified to irregular environmental fluctuations by using replicated yield trials over locations for many years, which allows the assessment of the (G X E) interaction and proper germplasm selection. 
The aim of plant breeding method is to produce such genotypes which are most advantageous for the condition having they will be grown. There could be at least two possible approaches to get this goal. Preferably the area which we are going to select as a growing zone could be divided into a multiple agro-climatic zones which are unvarying with respect to such characteristics like soil properties and weather. To meet the specific requirement of each zone the genotypes could then be breed (Petersen, Roger G, 1989).
Keeping in view the importance of stability analysis the present study was conducted with a view to assess the promising chili genotypes for their adaptability and stability under different agro-climatic conditions in Pakistan.
MATERIALS AND METHODS

Experiment was conducted at four different locations ; Agriculture Research Institute Mingora Swat, Vegetable Research Institute Ayub Agricultural Research Institute Faisalabad, Barani Agricultural Research Institute Chakwal and Directorate of Vegetable National Agricultural Research Center Islamabad having different agro-climatic conditions where Six advanced breeding lines of chilies along with a check was evaluated in multi-environmental trials.These genotypes were NARC Chili-1, NARC Chili-2, NARC Chili-3, NARC Chili-4, NARC Chili-5, NARC Chili-6 and Check (Big Dady). At each location, the experimental design was randomised complete block with three replications. The experimental data was analyzed by using different statistical techniques such as combined analysis of variance of chilies yield data over all environments, and stability analysis for Genotype-Environment data. The stability parameters are useful in characterizing genotypes by showing their relative performance in various environments. The genotype mean, variance (Si2), coefficient of variation (CV), ecovalence (Wi2), interaction variance ((i2), regression slope (bi), deviation mean square (δi2) and coefficient of determination (R2) was obtained as parameters of stability. Several of these stability parameters have been used by different researchers such as Lin et al. (1986) Masoodet al. (2003), Shahet al. (2009), Ali et al. (2012) and Khan et al. (2014).  Statistical data analysis was carried out using different statistical softwares namely Minitab Version 16 and GEA-R Version 2.0.
RESULTS AND DISCUSSION

Results of combined analysis of variance (Table-1) for yield (tha-1) of chili genotypes grown at different locations showed that F-statistics for location, genotypes and interaction (Location x Genotypes) were statistically highly significant at 1 percent level of significance. Significance of interaction means that the location/environments have significant effect on yield of chili genotypes. 
The mean yield (kg/ha) of the six advanced breeding lines of chilies along with ‘Big Dady’ as check at four different locations; Swat, Chakwal, Faisalabad and Islamabad showed significant differences among the genotypes and the locations for a particular genotype. Check  was found to be the highest yielding genotype giving the mean yield of  8.317 tons/ha followed by NARC Chili-6 (5.307), NARC Chili-4 (4.827), NARC Chili-1 (4.641), NARC Chili-2 (4.117), NARC Chili-3 (3.851) whereas NARC Chili-5 (3.253) produces the lowest yield combined over the locations. 
The stability statistics for seven genotypes of chili grown at four locations of Pakistan were presented in Table 3. The stability measures revealed that the regression coefficients ranged from 0.228 (NARC Chili-5) to 1.686 (Check). The genotype NARC Chili-2 and NARC Chili-4 has regression slope equal and close to 1 with relatively low Wricke’sEcovalence (Wi2) (low contribution to the genotype x environment interaction), low value of Shukla’s Stability Variance ((i2), relatively less value of deviation from regression and highest value of coefficient of determination (R2=0.93 for NARC Chili-2 and R2=0.91 for NARC Chili-4) indicating that these genotypes are stable over all four locations among all genotypes studied. These lines could be used under varying type of environments as reported earlier by Tiwari&Lal., 2014. According to Eberhart and Russell (1966), the genotype is considered to be stable that indicates bi value equal or close to one. Similarly, Petersen (1989) advocated that genotype is judged more stable that has regression slope (b) equal or very close to 1 minimizes rest of the statistics, except R2, which ranges from 0 to 1, and its high value determines the stability of a genotype. The other stability parameters for NARC Chili-2 and NARC Chili-4 such as genotype variance and coefficient of variation was relative large which indicate that the variation in yield over locations was relatively high. Based on findings of the study the genotype NARC Chili-2 and NARC Chili-4 with a slope of equal or close to 1, a relatively less value of ecovalence, low interaction variance and highest value of R2- coefficient of determination can be considered a stable genotype to all environments. Furthermore, the genotypes possessing ‘b’ value greater than 1 show adaptability in high-yielding or good environments and the genotypes having ‘b’ value less than ‘1’ have adaptability for low-yielding or poor environments (Petersen, 1989). The genotypes NARC Chili-6 having regression coefficient (b) greater than unity, indicating that this genotype is suitable for high yielding or good environments only. On the other hand, the genotypes NARC Chili-1, NARC Chili-3 and  NARC Chili-5 had value of regression slope (b) less than 1 may be considered suitable for poor or low yielding environments. This situation suggests that maximum statistical measures for yield stability should be adopted to maximize the confidence level before making any final decision for the genotype to be released as a variety. 
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Table-1:  Combined Analysis of Variance for yield (kgha-1) of Chilies genotypes grown at different locations

	Source of Variation
	Degrees of Freedom
	Sum of Square
	Mean Square
	F-Statistic
	P-value

	Replication
	2
	5.25
	2.63
	
	

	Location 
	3
	596.17
	198.72
	34.23**
	0.0000

	Treatment
	6
	196.05
	32.68
	5.63**
	0.0001

	Location x Treatment
	18
	290.01
	16.11
	2.78**
	0.0020

	Error
	54
	313.48
	5.81
	
	

	Total
	83
	1400.97
	
	 
	 


**Highly significant at 1 percent level of significance (P≤0.01)

Table-2:     Mean yield of Chilies genotypes (tons/ha) grown at four locations of Pakistan
	Genotypes
	Locations
	Genotypes Means

	
	NARC, Islamabad
	ARI, Swat
	AARI, Faisalabad
	BARI, 

Chakwal
	

	NARC Chili-1
	3.920
	3.250
	2.243
	9.150
	4.641

	NARC Chili-2
	2.130
	3.183
	2.333
	8.820
	4.117

	NARC Chili-3
	1.760
	4.797
	2.883
	5.963
	3.851

	NARC Chili-4
	3.173
	3.540
	2.567
	10.027
	4.827

	NARC Chili-5
	3.093
	3.483
	2.297
	4.140
	3.253

	NARC Chili-6
	1.813
	3.930
	2.970
	12.513
	5.307

	Check  
	3.760
	13.843
	2.153
	13.510
	8.317

	Location Means
	2.807
	5.147
	2.492
	9.160
	4.902


Table-3:  Stability statistics for seven genotypes of chili grown at four locations of Pakistan 
	 

Genotypes


	Stability Measures*

	
	Genotypes Means
	Si2
	CV (%)
	Wi2
	(i2
	bi
	δi2
	R2

	NARC Chili-1
	4.64
	9.51
	66.46
	4.81
	1.47
	0.92
	4.45
	0.84

	NARC Chili-2
	4.12
	10.04
	76.97
	2.24
	1.04
	1.00
	1.99
	0.93

	NARC Chili-3
	3.85
	3.55
	48.96
	0.42
	0.20
	0.56
	1.72
	0.84

	NARC Chili-4
	4.83
	12.18
	72.30
	3.50
	1.64
	1.08
	3.25
	0.91

	NARC Chili-5
	3.25
	0.59
	23.67
	2.48
	1.16
	0.23
	0.30
	0.83

	NARC Chili-6
	5.31
	23.83
	91.99
	7.54
	3.52
	1.53
	5.45
	0.92

	Check  
	8.32
	38.76
	74.86
	48.98
	22.86
	1.68
	35.56
	0.69


*Si2 = Genotype variance, Wi2 = Ecovalence, (i2 = Interaction variance, bi = Regression slope, 

δi2 = Deviation mean square and   R2= Coefficient of determination
