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ABSTRACT 

The objectives of the present study were to evaluate spring wheat recombinant inbred 

lines (RILs) of diverse origin by estimating genetic parameters viz., variability, character 

association, cluster analysis, and principal component analysis (PCA) for spot blotch 

resistance and yield components at BHU Agricultural Research Farm during 2010-2011. 

Grain yield per plot was significantly and positively associated with biomass, 1,000-grain 

weight, harvest index, chlorophyll content, and grains per spike at genotypic level. The 

line 65 exhibited lowest mean of AUDPC value (632) indicating its potential as resistant 

parent. Cluster analysis grouped all the 324 spring wheat lines into 19 clusters using 

Ward’s method. Extreme divergence was observed among clusters. By using D2-statistics, 

the highest inter cluster distance (584.72) was found between Clusters VIII and XIX. 

Cluster VIII recorded highest mean values for chlorophyll content, peduncle length, bio-

mass, grains per spike, 1000-grain weight and grain yield. The major contributing trait 

towards genetic divergence was found to be AUDPC (60.36%). First 5 principal 

components (PC1, PC2, PC3, PC4 and PC5) accounted for proportionate values of 20.66, 

17.96, 15.07, 8.28, and 7.38%, respectively, contributing 69.35% of the total variability. 

The second PCs had high positive PC value for plant height, biomass, and 1,000-grain 

weight. The breeding objectives of the present experiment was to identify genetically 

diverse wheat spot blotch resistant RILs for developing high yielding spot blotch resistant 

cultivars especially adopted to south Asia in future breeding programs.  
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INTRODUCTION 

 Spot blotch disease caused by Bipolaris 

sorokiniana (sacc.) shoem syn. Drechslera 

sorokiniana (Sacc.) Subrm and Jain (syn. 

Helminthosporium sativum, teleomorph 

Cochliobolus sativus), is the most prominent 

disease of warmer, humid, and late-sown 

wheat growing regions of South Asia 

affecting livelihood of millions of farmers 

(Saari, 1998; Joshi et al., 2002). At present, 

spot blotch resistant potential in high 

yielding wheat varieties is poor and needs 

rigorous investigation, especially for warmer 

humid regions of South Asia (Sharma et al., 

2004; Joshi et al., 2007). Several factors 

viz., time of sowing, sites, and moisture 

have adverse impact on crop yield. Severe 

infestation of spot blotch results in 

substantial yield losses ranging between 20-
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100% in South Asia by blighting of leaves 

and premature senescence (Duveiller and 

Gilchrist, 1994).  

Continuous breeding results in narrow 

genetic diversity of the elite wheat 

germplasm pool and leads to problems 

relevant to biotic stresses, abiotic stresses, as 

well as adaptation (Zhang et al., 2005). 

Maximum genetic dissimilarity among 

parents is essential to exploit transgressive 

segregation (Joshi et al., 2004). Selection of 

genetically diverse parents upon 

hybridization results in higher heterosis in 

progenies. Therefore, there is an urgent need 

to exploit the existing genetic variability in 

wheat for evolving high yielding varieties 

that have wide adoptability and are highly 

productive under a changing climatic 

scenario (Baranwal et al., 2012). Cluster and 

PC analyses are principal genetic diversity 

analysis tools having relative differences 

with each other. The cluster analysis is a 

robust approach for assessing family 

relationships (Mellingers, 1972). The 

objective of the present experiment was to 

identify genetically diverse spot blotch 

resistant wheat RILs for developing high 

yielding spot blotch resistant cultivars for 

South Asia.  

MATERIALS AND METHODS 

The present experiment was undertaken at 

Agricultural Research Farm, Institute of 

Agricultural Sciences, Banaras Hindu 

University (BHU), Varanasi, India, during 

Rabi season of 2010-11. A collection of 324 

lines including 307 RILs (F8 generation) of 21 

diverse crosses, seventeen distinct parents 

including one check i.e., Sonalika, and a 

highly susceptible cultivar to spot blotch 

disease was evaluated. Varanasi region is 

considered as hot spot for screening and 

evaluation against spot blotch disease. The 

genotypic set was developed by using 

promising spring wheat parental lines 

introduced from CIMMYT, Mexico and South 

Asia regional office, CIMMYT, Kathmandu 

(Nepal) including Chinese material, and other 

germplasm collections. The experimental 

materials were sown in randomized block 

design with 3 replications (Table 1). The 

RILs were developed as per the methods 

described by Singh and Rajaram (1992) and 

Joshi et al. (2004). The experimental site is 

located in South- Eastern part of the 

Varanasi city at 25
o
 26’ North latitude and 

82
o
 99’ East longitude at an elevation of 

75.5 m above the mean sea level. Date of 

sowing was 31
st
of December 2010 and 

artificial inoculation was conducted during 

23 February (4:30 pm). Growth observations 

were recorded for 15 yield components 

through random sampling method. Data on 

five plants of each line was averaged and 

mean data was used for statistical analysis. 

Agronomic practices recommended for 

irrigated and normal fertile soil (120 kg N; 

60 kg P2O5 and 40 kg K2O ha
-1

) were 

followed to raise a good crop. 

Area under Disease Progress Curve 

(AUDPC) 

Spot blotch disease was recorded at 

different growth stages (Zadoks et al., 

1974). Disease severity (%) was recorded at 

different stages to calculate AUDPC (Van 

der Plank, 1963; Roelfs et al. 1992) using 

the following formula:  
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Where, Yi is the disease level at time ti and 

t(i+1)-ti the time (days) between two disease 

scores and n is the number of dates on which 

spot blotch was recorded. 

Statistical Analysis 

Character association was calculated 

following Robinson et al. (1951). Genetic 

divergence among different lines was 

assessed based on the estimated inter-se 

genetic distances among the lines using D
2
-

statistics of Mahalanobis (1928), which is 

one of the most effective tools to measure 
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Table1. Collection of 324 spring wheat lines representing source of spot blotch resistance. 

Line No. Lines / Parents Crosses/Details 

1 – 9 Spot blotch RILs – 1 (9) Yangmai-6×Monsu kunjer 

10 – 25 Spot blotch RILs  – 2 (16) Monalds×Bonly 

26 – 52 Spot blotch RILs – 3 (27) Yangmai-6×Monalds 

53 – 69 Spot blotch RILs  – 4 (17) Monalds×Songhi 

70 – 86 Spot blotch RILs – 5 (17) Songhi-4×IA 814-467 

87 – 103 Spot blotch RILs – 6 (17) Chirya 7×Tink 

104 – 131 Spot blotch RILs – 7 (28) Yangmai-6×Chirya-7 

132 – 153 Spot blotch RILs – 8 (22) Yangmai-6×Tink 

154 – 168 Spot blotch RILs – 9 (15) Songhi-4×BR-8-471 

169 – 178 Spot blotch RILs – 10 (10) Songhi-4×Chirya-7 

179 – 198 Spot blotch RILs – 11 (20) Monalds×Yangmai-6 

199 – 210 Spot blotch RILs – 12 (12) Yangmai-6×Ning-8027 

211 – 224 Spot blotch RILs – 13 (14) Songhi-4×Bonly 

225 – 240 Spot blotch RILs  – 14 (16) IA-814-867×Tink 

241 – 255 Spot blotch RILs – 15 (15) Suzo-8×Monalds 

256 – 275 Spot blotch RILs – 16 (20) Monalds×Chirya-7 

276 – 284 Spot blotch RILs – 17 (9) Monalds×Ning-8127 

285 – 304 Spot blotch RILs – 18 (20) Songhi-4×Ning-8119 

305 Spot blotch RILs – 19 (1) Chirya-7×Longmai-10 

306 Spot blotch RILs – 20 (1) Songhi-4×Monsu Kunjer 

307 Spot blotch RILs – 21 (1) Monald×Ning- 8119 

308 Parent - 1 Sonalika (Highly susceptible variety) 

309 Parent - 2 HUW–234 

310 Parent - 3 HUW–468 

311 Parent - 4 HUW–510 

312 Parent - 5 Sonalika 

313 Parent - 6 IA-814-877 

314 Parent - 7 Chirya-7 

315 Parent - 8 Ning-8119 

316 Parent - 9 Monalds 

317 Parent - 10 Monsu Kunjer 

318 Parent - 11 Tink 

319 Parent - 12 Bonaly 

320 Parent - 13 Songhi-4 

321 Parent - 14 Suzo-8 

322 Parent - 15 songhi-4 

323 Parent - 16 Yangmai-6 

324 Parent - 17 Lok-1 

 

the genetic distance between lines as 

measured by allelic frequencies at a sample 

of loci. After arranging the D
2
-values of all 

combinations of one genotype with the 

others in ascending order of magnitudes, the 

lines were grouped into a number of clusters 

by Ward’s method described by Rao (1952). 

The inter- and intra-cluster distances were 

calculated and their relationships were 

diagrammatically represented. The 

Statistical Analyses Software (SAS) and 

STATISTICA ver.10 were utilized for 

statistical analysis. 

RESULTS AND DISCUSSION 

In the present experiment, 324 spring 

wheat lines of diverse origin were analyzed 

for genetic parameters viz., character 

association, cluster analysis, and principal 

component analysis (PCA) for spot blotch 

resistant and yield components. The best ten 

lines based on the mean performance of few 

promising traits in desirable direction are 

represented in Table 2. The lines 239 and 

308 showed lesser days to 50% flowering 
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Table 2.  Promising ten lines for each of the promising traits under study. 

Traits 1 2 3 4 5 6 7 8 9 10 

DF (Early) a Line 239 

(60.33)b 

Line 308 

(60.33) 

Line 240 

(61.33) 

Line 110 

(62.00) 

Line 243 

(62.33) 

Line 287 

(62.33) 

Line 215 

(63.00) 

Line 237 

(63.00) 

Line 282 

(63.33) 

Line 288 

(63.33) 

DPM1 (Early) b Line 300 

(93.33) 

Line 302 

(93.33) 

Line 110 

(94.00) 

Line 261 

(94.33) 

Line 264 

(94.33) 

Line 270 

(94.33) 

Line 276 

(94.33) 

Line 280 

(94.33) 

Line 299 

(94.33) 

Line 111 

(95.00) 

AUDPC (Low) c Line 65 

(632.00) 

Line 1 

(644.32) 
Line 41 

(682.61) 

Line 44 

(744.34) 

Line 91 

(744.34) 
Line 97 

(744.34) 

Line 98 

(761.63) 
Line 108 

(762.86) 

Line 92 

(765.95) 
Line 107 

(778.91) 

PH (cm) (Dwarf) d Line 173 

(48.33) 

Line 171 

(51.33) 

Line 174 

(55.83) 

Line 172 

(56.33) 

Line 128 

(58.33) 

Line 176 

(61.83) 

Line 177 

(61.83) 

Line 175 

(62.33) 

Line 224 

(63.33) 

Line 109 

(64.33) 

BM (g) (High) e Line 54 

(232.50) 

Line 107 

(232.50) 

Line 96 

 (217.50) 

Line 46 

(207.50) 

Line 97 

(207.50) 

Line 108 

(207.50) 

Line 188 

(203.33) 

Line 9 

(202.50) 

Line 65 

(192.50) 

Line 249 

(189.17) 

GY (g) (High) f Line 108 

(69.60) 

Line 41 

(69.10) 

Line 304 

(66.17) 
Line 107 

(66.00) 

Line 43 

(65.60) 

Line 258 

(64.87) 
Line 46 

(64.60) 

Line 78 

(64.50) 

Line 263 

(63.97) 
Line 54 

(63.90) 

TGW (g) (High) g Line 12 

(41.34) 

Line 54 

(40.74) 

Line 34 

(38.94) 

Line 46 

(38.94) 

Line 296 

(37.68) 

Line 25 

(37.54) 

Line 175 

(37.38) 

Line 13 

(36.94) 

Line 207 

(36.18) 

Line 22 

(36.14) 

HI (%) (High) h Line 78 

(55.88) 

Line 76 

(54.08) 

Line 41 

(48.18) 

Line 81 

(47.68) 

Line 43 

(45.38) 

Line 26 

(45.18) 

Line 85 

(45.18) 

Line 146 

(42.65) 

Line 47 

(42.18) 

Line 170 

(41.95) 

 
a
 Days to 50% Flowering (Days); b Days to Physiological Maturity (Days);  c  Area Under Disease   

d Progress Curve; Plant Height (cm); e BioMass (g); f Grain Yield (g); g Thousand Grain Weight (g), 

and  h Harvest Index (%). Bracketed values indicate the mean performance of the corresponding 

lines and bold line numbers are common for more than one trait. 

 

(60.33 days) indicating early maturity. The 

line 65 exhibited lowest AUDPC value (632) 

indicating a resistant parent in consonance 

with Sharma et al. (1997). Low yield of few 

lines was indicating high susceptibility to 

spot blotch disease (Phadnawis et al., 2002). 

Highest 1,000-grain weight was observed in 

the line 12 (41.34 g). The highest harvest 

index was observed in line 78 (55.88%) 

(Table 2). The observations suggested vast 

differences among the RILs in terms of spot 

blotch resistant and yield components.  

Grain yield per plot was significantly and 

positively associated with biomass, 1000-

grain weight, harvest index, chlorophyll 

content, and grains per spike at genotypic 

level (Table 3) as reported by 

Khodarahmpour et al. (2011) and Olfati et 

al. (2010). It suggests that the characters 

should be included in phenotyping for 

genetic improvement for wheat genotypes. 

Negatively significant correlation was 

observed between yield and AUDPC, 

indicating that spot blotch was the major 

problem for wheat yield at phenotypic level 

(Table 5) as reported by Gilchrist and 

Pfeiffer (1991), but non-significant (0.23) at 

genotypic level, indicating major role of 

environment for the disease incidence. 

AUDPC showed negative and significant 

association with biomass, sheath length, 

days to physical maturity, chlorophyll 

content, days to physiological maturity, and 

days to 50% flowering at genotypic level 

(Table 3).  

Genetic Divergence Analysis 

All the 324 wheat lines were grouped into 

19 clusters through Ward’s method (Table 4; 

Figure 1). By using D
2
-statistics of 

Mahalanobis (1928), the D values (cluster 

distance) of this genotypic collection (square 

of D value represents D
2
 value) are 

represented in Table 5 (Figure 2). In this 

method, highest intra cluster distance was 

found for Cluster VIII (53.07) followed by 

XIV. Similarly, lowest intra cluster distances 

have been obtained for Cluster I (32.16). 

The highest inter cluster distance (584.72) 

through this method has been found between 

Clusters VIII and XIX (Table 5).  
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Figure 1. Graphical representation of 324 spring wheat lines into 19 clusters and number of respective 

genotypes within each cluster. 

 
Figure 2. Ward’s clustering pattern representing 19 clusters of D

2
-statistics for 324 spring wheat lines.  
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(A)  
(B) 

Figure 3- A) Principal component biplot for yield components in the spring wheat lines , B) Scattered 

diagram of the first two principal components for yield components in the spring wheat lines. 

 

Hybridization between these cluster members 

revealed transgressive segregation for effective 

selection. Clusters VI, VII, VIII, XI, XII and 

XIX exhibited highest cluster mean values for 

most of the traits. Highest mean values for ear 

length and plant height are found in Cluster VI 

(Table 6). Cluster VII expressed highest values 

for days to 50% flowering, days to physical 

maturity, and seed colour mean. Cluster VIII 

recorded highest mean values for chlorophyll 

content, peduncle length, biomass, grains per 

spike, 1,000-grain weight, and grain yield as 

reported by Khodadadi et al. (2011). Highest 

cluster mean values for sheath length, harvest 

index and AUDPC have been exhibited by 

Clusters XI, XII and XIX, respectively (Table 

6). The major contributing traits towards 

genetic divergence was found to be AUDPC 

(60.36%) followed by biomass (5.96%), plant 

height (0.58%) and grain yield (0.54%) similar 

to that reported by Goel et al. (2005) (Table 6). 

In the present experiment, AUDPC and 

biomass played major role in clustering wheat 

lines (Table 6; Figure 3-A). 

Principal Components Analysis  

PC analysis revealed the largest contributor 

to the total variation at each axis of 

differentiation. Seven PCs (PC1 to PC7) were 

considered from the original data explaining 

79.85% of the total variation (Table.7) similar 

to that reported by Hailegiorgis et al. (2011), 

Ravishanker et al. (2013), and Caliskan and 

Bayazit (2013). Out of the total 7 PCs, 5 

principal components (PC1, PC2, PC3, PC4 

and PC5) accounted with proportionate 

variance values of 20.66, 17.96, 15.07, 8.28, 

and 7.38%, respectively, and contributed 69.33 

% of the cumulative variation having Eigen 

value greater than one (Table 7). Two 

dimensional ordinations of 324 spring wheat 

lines on PC axes 1 and 2 are represented for 

separation of the lines which reveal existence 

of extreme variability in the present wheat 

genotypic set (Figure 3-B). The first principal 

component has high positive component value 

for days to 50% flowering, chlorophyll 

content, days to physical maturity, and days to 

physiological maturity. PC1 has negative 

component value for AUDPC, 1,000-grain 

weight, grain yield, and harvest index. The 

second principal component had high positive 

component value for plant height, biomass, 

peduncle length, and sheath length and high 

negative component value for AUDPC. The 

abovementioned traits having high positive or 

negative component value reveal more genetic 

diversity and they play tremendous role in 

representing the clusters. The third principal 

component had high positive component value 

for grain yield, 1,000-grain weight, and harvest 

index and high negative component value for 

AUDPC, sheath length and peduncle length 

(Table 7) similar to that reported by 

Hailegiorgis et al. (2011). The projection of 

component traits on PC1 and PC2 revealed  
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Table7. Principal Component analysis (PCA) for spot blotch resistant and yield components in the spring 

wheat lines. 

Traits PC1 PC2
 

PC3
 

PC4
 

PC5 PC6 PC7 

DF 0.47 0.02 -0.11 0.14 0.15 -0.06 0.13 

CL 0.17 0.16 0.17 0.37 0.03 0.16 -0.26 

DPM1 0.46 0.13 0.08 -0.10 0.10 -0.16 0.13 

DPM2 0.49 0.12 0.08 -0.14 -0.01 -0.09 0.12 

AUDPC -0.31 -0.24 -0.19 -0.11 -0.02 0.06 -0.02 

SL -0.06 0.32 -0.34 0.18 0.27 -0.13 0.32 

PL -0.14 0.35 -0.29 -0.26 -0.27 0.16 0.20 

EL -0.07 0.26 -0.18 -0.09 0.32 -0.07 0.06 

PH -0.04 0.45 -0.25 -0.23 -0.22 0.03 0.07 

BM -0.11 0.43 0.11 0.24 -0.15 -0.18 -0.38 

GY -0.22 0.28 0.43 0.09 0.09 -0.05 0.17 

TGW -0.16 0.30 0.40 -0.09 0.09 -0.20 -0.15 

GPS 0.01 0.07 0.00 0.61 -0.32 0.44 0.34 

HI -0.16 -0.05 0.45 -0.16 0.21 0.16 0.57 

SCM 0.07 0.16 -0.01 -0.19 0.46 0.74 -0.31 

Eigen value 3.31 2.87 2.41 1.32 1.18 0.85 0.83 

Cumulative Eigen value 3.31 6.18 8.59 9.91 11.09 11.95 12.78 

Individual variance (%) 20.66 17.96 15.07 8.28 7.38 5.34 5.18 

Cumulative variance (%) 20.66 38.61 53.68 61.96 69.33 74.67 79.85 

a
 Abbreviations: As in Table 2. 

that the ear length, 1,000-grain weight, bio-

mass, and harvest index were positively 

associated with grain yield (Figure 3-A). 

CONCLUSIONS 

The present experiment was conducted to 

identify spot blotch resistant RILs with 

better yield potential for south Asia. Based 

on character association study, grain yield 

had strong positive association with 

chlorophyll content, 1,000-grain weight, 

biomass and harvest index and negative 

association with the disease. The present 

experimental materials revealed extreme 

genetic variability. The materials were 

classified under 19 clusters and its major 

proportion of variance depicted by principle 

components. The promising RILs will be 

evaluated under multi-location trial for their 

location suitability. Genetically diverse 

promising RILs will be exploited as potent 

donor against spot blotch disease. 
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 Triticum aestivum)بهاره گندم تركيب نو و آميخته خويش هاي رگه ژنتيكي ارزيابي

L.) به مقاومت براي Spot Blotch (Bipolaris Sorokiniana) عملكرد اجزاي ارزيابي و 

  آسيا جنوب طبيعي شرايط در گندم

آرون  . سينك، و. پ. راي، ر. پراساد، ب.كا. ن. منا، و. ك. ميشرا، د. ك. بارانوال، 

 و ر. چاند

  چكيده

 هاي مبداء با (RILs) بهاره گندم تركيب نو و آميخته خويش هاي رگه ژنتيكي ارزيابي پژوهش اين هدف
 و اي، خوشه تجزيه ها، شاخص همراهي تغييرپذيري، شامل ژنتيكي پارامترهاي منظور اين وبراي بود متنوع
 تحقيقاتي درمزرعه عملكرد اجزاي و ، Spot Blotch به مقاومت براي) PCA( اصلي هاي مولفه به تجزيه

 با مثبت و دار معني اي گونه به كرت هر در دانه عملكرد. شد ارزيابي 2010-11 طي بناراس هندوي دانشگاه
 ژنوتيپي سطح در خوشه در دانه تعداد و كلروفيل، محتوي برداشت، شاخص دانه، هزار وزن ، توده زيست

 را) AUDPC( "مرض پيشرفت زيرمنحني مساحت" ميانگين مقدار كمترين 65 رگه. داشت) رابطه(همراهي
 اي خوشه تجزيه. بود مقاوم والد عنوان به رگه اين پتانسيل و استعداد نشانگر اين و داد نشان بود 632 برابر كه
 شديدي واگرايي. كرد بندي دسته خوشه 19 در را گندم رگه 324 همه ،Ward روش از استفاده با ها داده
D آماره از استفاده با. شد مشاهده ها خوشه بين

 و VIII خوشه بين) 72/584( اي خوشه بين فاصله بيشترين 2
XIX كلروفيل براي ميانگين بيشترين. آمد دست به II وزن خوشه، در دانه توده، زيست گل، ساق طول و 
 كرد مي كمك ژنتيكي يواگراي به كه اصلي صفت .شد ثبت VIII خوشه براي دانه عملكرد و دانه هزار

AUDPC اصلي مولفه پنج.  (%60.36)بود (PC1, PC2, PC3, PC4 , PC5) برابر متناسبي ارزش 
 مولفه. ميكردند توجيه را تغييرات از% 35/69 مجموعا و داشتند% 38/7 ،%,28/8،% 96/17،%  07/15 ،66/20%

 اين در بهنژادي هدف. داشتند دانه هزار وزنو توده زيست گياه، طول براي بالايي مثبت مقادير دوم اصلي هاي
 هاي برنامه در بتوان تا بود متنوع ژنتيكي تنوع با Spot Blotch به مقاوم گندم هاي رگه شناسايي پژوهش
  .آورد وجود به سازگارند آسيا جنوب با ويِژه به كه محصول پر كولتيوارهاي بهنژادي آينده
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