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1. INTRODUCTION 

Wheat (Triticum aestivum L.) is the most important 

food grain crop of India and is now cultivated in nearly 

23 million hectares o In prehistoric times, it was grown in 

ancient Persia, Egypt, Greece and Europe as early as 10.000 

to 15.000 B.C. The late dwellers of Switzerland grew wheat 

and there are indications of its cultivation in China about 

300 B.C. Extensive references have been made to wheat grain 

in ancient Indian scriptures "Atharva Veda" which is supposed 

to have been written between 1500 and 500 B.C. The man, thus 

depended upon the wheat plants for the last thousands of years 

and hundreds of generations. 

India has made rapid progress in wheat production 

during the past two decades which has enabled the country to 

Self-sufficiency in food grains . Wheat production has increased 

by nearly four times from 12.26 million tonnes in 1964-65 to 

46.89 million tonnes in 1985.86  • During this period, area 

under wheat has gone up from 13 4 million hectares to more 

than 23 million hectares and productivity has increased from 

913  kg/ha to 2032 kg/ha (Table 1 (a) and ig.1 (a) 1, Among the 

10 Technology for increasing wheat production in India* Wheat 
Project Directorate (All-India Coordinated Wheat improve-
ment Project), ICAR, New Delhi, 1988, pp 19. 

1 
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Table 1(a) s Area, production and productivity of wheat in 
India 

Area 	 Production 	Yield  
Year 	(million hectares million tons 	(ka/ha 

1949-50 9.76 6.39 655 
1950-51 9075 6.46 663 
1951-52 9.47 6.18 653 
1952-53 9.83 7.50 763 
1953-54 10068 8,02  750 
1954-55 11.26 9.04 803 
1955-56 12,37 8.76 708 
1956-57 13.52 9.40 695 
1957-58 11.73 7.99 682 
19 58 -59 12.62 9.96 789 
1959-60 13.38 10032 772 
1960-61 12.93 11.00 851 
1961-62 13.57 12.07 890 
1962-63 13.59 10.78 793 
1963-64 13.50 9.85 730 
1964-65 13.42 12.26 913 
1965-66 12.57 10 .40  S27  
1966-67 12.84 11.39 887 
1967-68 14.99 16.54 1103 
1968-69 15.96 18965 1169 
1969-70 16.63 20.09 1209 
1970-71 18.24 23.83 1307 
1971-72 19.14 26,641 1380 
1972-73 19.46 24.74 1271 
1913-74 18.58 21.78 1172 
1974-75 18.01 24.10 1338 
1975-76 20.45 28.84 1410 
1976-77 20.92 29.01 1387 
1977-78 21.46 31.75 1480 
1978-79 22.64 35.51 1568 
1979-80 22,17 31.83 1436 
1980-81 22.28 36.31 1630 
1981-82 22.14 37.45 1691 
1982-83 23.57 42.79 1816 
1983..84 24.67 45.48 1843 _ 19848S a3 o56 44.07 1970  
1985-86 23.07 46.89 2032  

food grain  crops, wheat has recorded the highest compound growth 

rate of 5.64 per cent in production and 3.15 per cent in yield 

per hectare between 1967-68 to 1985-86. Area of wheat has shown 
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the highest growth rate which comes to 2.41 per cent. The 

figure of the growth rate of cereals in the country for the 

same period has been 2.97 per cent for production, 2.21 per 

cent for productivity and 0.31 per cent for area (Table 1(b)). 

Table 1(b) = Compound growth rate (per cent per annum) for 
selected food crops from 1967-68 to 1985-86 

Crop 	 _____ I 

11---- 

area 	Production Yield 

Rice 0.65 2.54 1.92 

wheat 2.41 5.64 3.15 

Small millets -2.18 -1.84 0.35 

Total cereals 0.31 2.97 2.21 

Pulses 0.44 0.65 0.29 

Total foodgrains 0.34 2.74 2.30 

These changes further increased the importance of wheat 

in the country because of increasing total food production 

from about 13 to 30 per cent. The per capita availability of 

wheat has also increased from 49.1 g in 1961 to 147.1 g in 

19861. 

Major wheat growing States with their area, production 

and productivity have been given in Table 1(c). 

1. Survey of Indian Agriculture. The Hindu, 1988. 
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Table 1 (c) s Statewise area, production and yield rate of 
wheat 

Area 

State 	 (° 00~ ha~,° 
1 1985-8611984-85 

- production Productivity 
_ (° 000 tons) 	(k ~, 
i985861198485 1985-86 1984-85 

Bihar 	1909.2 191701 3143.2 3099.1 1646 1616 

Gujarat 	43104 63609 
	782.8 1329.3 1815 2087 

Haryana 1699.0 1704.0 
	5257.0 4418.0 3094 2593 

M.P. 	360203 3536.5 

Maharashtra 881.5 988,6 

Punjab 	311300 309600 

Rajasthan 1773.5 1719.0 

U aP 0 , 	8275°2 0554.1 

3Q5 o1 33509 

1073.4 111601 

4269.0 372901 1185 1055 

664.4 856.5 754 866 

10992.0 10133.0 3531 3289 

3918.0 2794.5 2209 1626 

16842.7 i59740 1992 -1867 

57800 812°2 1894 2418 

93505 1018.2 871 912 

W oB engal 

other 
States 

All-India 23074 23614 	46885 44229 2032 1972 

Madhya Pradesh is one of the major wheat growing 

States and it is grown in almost all the districts of M.P., 

but the major- wheat growing districts are Chhatarpur, Gana, 

Hoshangab ad, Jabalpur, Morena, Raisers, Sagar, Sha j apur, 

Surgu j a, Tikamgarh, U j j ain and Vidisha (Fig.l (b)) o During 

the Past two decades in Madhya Pradesh, wheat production has 

Passed through a virtual revolution. In this period, from 

1965 to 1986, the area under wheat has increased from 3197.6 
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thousand hectares to 3549.0 thousand hectares, while produ-

ction went up from 2035.4 thousand tonnes to 4329 thousand 

tonnes. Correspondingly yield per hectare increased from 

636 kg/ha to 1220 kg/ha. Madhya Pradesh has got 16 per cent 

(35.49 thousand hectares) of country's wheat area and contri-

butcs ±o 9.1 per cent (43.29 thousand tonnes) wheat produ-

ction. The productivity of M.P. is lesser (1220 kg/ha) in 

comparison to national average productivity (2032 kg/ha)L. 

The wheat Project Directorate has set up a production target 

of 5.30 million tonnes for M.P., while for whole nation, it 

is 52.32 million tonnes for the year 1989-902. 

Wheat is a crop having wider adaptability and can be 

grown under a wide range of soils and climatic conditions. 

The wheat crop is grown most successfully between the lati-

tudes of 300  and 600  north and between 270  and 400  south. In 

India, wheat is grown mostly in plains, whereas in the hills, 

it is cultivated in mountaneous region of north India and 

Nilgiris and Pali hills  in south India. Wheat is grown in the 

world in rainfall ranges from 30 to 113 cm. More than 50 per 

cent of the area under wheat in the world is in the 36 to 63 

cm rainfall range, 15 per cent in area where rainfall is 

88 cm and 10 per cent area with less than 38 cm rainfall. 

1. Hand Book of Agricultural Statistics, 1987-88. 

2. Technology for  increasing wheat production in India. reheat 
Project Directorate  (All-India Coordinated YNheat improve-
ment Project), ICAR, New Delhi, 1988. 



A member of Gramineae family, wheat comprises widely 

cultivated species like bread wheat (Triticum aestivum Le, 

2n=42) , durum wheat (Triticum durum, 2n=28) , and their wild 

and cultivated hexap loid, tetraploid and diploid relatives. 

It is a selfpollinated crop having extent of natural out 

crossing being lesser than 1 per cent in most of the varie-

ties, but it may exceed in some varieties at some locations. 

The f actors which have major contribution in producti-

vity of wheat over the past two decades are adoption of high 

yielding varieties and improved technologies, increase in 

area under irrigated wheat (increased from 36.8% in 1965 to 

72,4% in 1986) , increase in fertilizer consumption (increased 

from 4.9 kg/ha in 1965 to 50.1% in 1986) , increase in wheat 

area in traditional regions,  extension of wheat cultivation 

to non-traditional regions and the like 

Climatic limitations' soil problem, socio-economic 

constraints, organizational issue and disease and insect 

problems have been the major constraints in wheat production. 

To overcome these • following are the few technological 

comPonents which may bring further increase in production and 

productivity of wheat2  0 

1. Data of irrigation percentage and fertilizer consumption -
Survey of Indian Agriculture. The Hindu, 1988. 

2 • Technology for increasing wheat production in Indian Wheat 
Project Directorate (All-India Coordinated wheat Improve-
ment project) , IC AR. New Delhi, 1988. 



(1) Change over to latest improved varieties. 

(2) Increase in use of balanced fertilizers. 

(3) Increase in area under timely sown wheat. 

(4) Adoption of improved wheat management technology. 

(5) Popularization of the use of weedicides o 

These may further be strengthened by - 

1 . 	Breeding still more efficient plant types adaptable 

to wider range of ecological conditions for broad spectrum 

of disease and pest resistance, better nutritive quality and 

responsiveness to inputs. 

2• 	Standardizing the breeding procedures for the exploi- 

tation of heterosis to economic advantage in this crop. 

3 • 	Increasing yield per unit area with adoption of suitable 

transfer of technology. 

4. 	Bringing more area under wheat cultivation. 

5  0 	
Bringing breakthrough in the yield levels through 

improvement in harvest index and physiological traits. 

6 . 	Attempting multiple crosses, spring x winter crosses 

and adopting recurrent selection far multiple resistance and 

developing multilines etc* 
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The measurement, evaluation and manipulation of genetic 

variability in desired direction becomes extremely important 

in any yield improvement programme. Such programmes stress 

to upgrade the yield potential by improving yield components. 

Yield is a complex character controlled by a large number of 

genes and highly influenced by environment, whereas yield 

components are governed by relatively fewer genes and are 

less sensitive to environmental conditions. Thus, selection 

based on yield components, has better chances of improvement. 

Improvement of a crop depends upon the magnitude of 

genetic variability and heritability of economic characters. 

Genetic variability can be measured with the help of suitable 

genetic parameters such as genetic coefficient of variation, 

heritability estimates and genetic advance. 

The correlation coefficient gives an idea about the 

various associations existing between yield and yield 

components and amongst themselves. The path coefficient 

analysis explores the relative contribution of both direct 

and indirect effects of yield components on yield. Correlation 

and Path analysis  have  been very useful in making direct 

selections in purelines and non-segregating population with 

the help of selection indices. 

Differential response of genotypes under varying 

environments reflects g x e interaction for quantitatively 

inherited traits. The traits with minimum or no genotype x 
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environment interaction gives an idea of phenotypic stability 

which may be useful in developing cultivars with wider adapt-

ability. 

Keeping these investigations in view, 44 diverse 

genotypes of bread wheat were evaluated in two environments 

vino, high fertility (N100P50K25) and low fertility (N40?40K0) 

with the following objectives :- 

(1) To estimate the relative extent of genetic variability 

of yield and its components along with leaf area index. 

(2) To estimate heritability and expected genetic advance 

for grain yield and other characters. 

(3) To assess the phenotypic, genotypic and environmental 

correlation coefficients in order to know the extent 

of association of grain yield with its components and 

leaf area index o 

(4) To estimate the direct and indirect effects of yield 

and its components and leaf area index through path 

coefficient analysis• 

(5) To study genotype x environment  interaction for yield 

and its components* 
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2 e REVIEW O LITERATURE 

To strengthen the findings of the present investigation# 

an attempt has been made to review the literature available in 

wheat under the following headings s- 

2.1  Gene tic parameters 

2 .2 Correlation coefficients 

2.3  Path coefficient analysis 

2.4  Genotype x environment interaction 

201 Genetic Parameters 

201.1 	tv is and phenotypic variabilities 

The genotypic variability in relation to environment 

was first studied by Fisher (1918) . Later, Fisher and several • 

other workers devised techniques for the estimation of compo.~ 

nents of variance (Wright, 1921= Lush, 1940 s Robinson et a10 , 

1949 and warner, 1952) a Findings of the previous workers have 

been summarised below 

GeV o 

 

1000-grain weight* 	H 	Anand et al, 	1970 
No. of tillers/Plant 
Yield/plant 

C'V 0 	No. of tillers/plant, H 	Mishra 	 1971 
1000-grain weight, 
No. of grains/spike 
No• of spikelets/spike L 

10 
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4 1 	 3. 	. 
O 

Phul et al. 	1972 
G OC OV . 	No 0  of tillers/plant 	H 

G.C.V. & Spikes/plant,  
P .0 .V . 	plant height, 

yield/Plant. 
1000-grain weight 

H Sethi and Singh 1972 

GOC .V. 	Yield/plant 
Days  to 50%  flowering 

G0C .V I 	loon-grain weight,  
plant height 

G.C.V. & plant height. 
1000-grain weight, 
grain yield/plant  

H 
L 

H 

Tikka  

Randhawa et al. 

Mustaf eav t 1. 

1973 

1975 

1978 

G.C.V. 	plant height  • s 
No. of grains/ Pike,  
spikelets/spike  • 
1000- kernel weight 

G4C.V. & 	LAI®I • LAI--II in 
P .0 .V . 	Setaria iitalic= 

G OC ,V . 	LAI .-I , LAI -I I 
P OC .V . 	LAI -I • LAI -I I 

(in )codo millet) 

H Gupta and Ahmed 1982 

H Xharche 

M Sharma 
H 

Note $ G.V . s Genotypic variability 
c.v.  : Coefficient of variation f variation 
G.C.V. a Genotypic coefficient  
P .0 .V . $ phenotypic coefficient of variation 
No . : Number 
H 	a , High or moderate 
M. 	z Medium 
L 	s Low 

2.1.2  Heritabi litY 

The importance of heritability of metric traits in 

plant population had been emphasised by Frankel. (1947) . 



12 

Warner (1952) first developed the detailed method of 

estimating the degree of heritability in planto 

Johnson et l o (1955a) defined heritability as a 

ratio of genotypic to phenotypic variances and stressed its 

importance in selection programmes. According to them, broad 

sense heritability  estimates may vary greatly, depending 

upon the unit for which the variance is considered. it indi-

cates the effectiveness with which selection of genotypes can 

be based on phenotypic perf ormance o Review of work done on 

this aspect has been summarised below :- 

Year 
No0 

1. Grain yield/plant L Paroda and Joshi 1970a, 

2, 1000-grain weight, No • of H Mishra 1971 

1  ikelets/spike, spike 
length, plant height 

 ° Plant height, ear  length H Khan et al0 — — 1972 

4.  plant height, ear length  • H Reddy et al 0 1972 

grain yield/plant 

5.  Ear length, plant height H Rana et 1. 1973 

6.  Effective tillers/plants 	14 to Tikka et 1. 1973 

1000-grain weight 	 H 

7  ° Plant height, 1000-grain H Randhawa et al, 1975 
weight, No. of grains/spike 

Be Harvest index M Bhatt 1976 

9 * Plant height, ear  length, H Islam 1976 

spikelets/spike. grain 
yield/plant, 1000-grain 
weight 
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10 	 20 	 3 • 	.._ 	4 c 	._...5 — 

10, Noe of days to heading 	H 	Singh et 1. 	1977 

11. Plant height, No. of days 	H 	Sharma 	 1981 
to heading, ear length, 
harvest index 

12. Grain yield/plant,  biolo- 	H 
gical yield/plant, harvest 
index 

13. Plant height,  spikelets/ 	H 
Spike, spike length, 1000-
grain weight 

Shrivastava et l0 1981 

Gupta and Ahmed 1982 

14. Heading date, plant height, H 	Joarder t 1. 	1982 
Noe of tillers/plant, grain 
weight/plant 

15. 1000-grain weight, grain 	L 	Pacucci t 1. 	1982 
Yield/plant 	 (experiment conducted 

at different N2  levels) 

16. Grain weight/plant,  1000- L Shrivastava et al. 1982 
grain weight, grains/spi• (in dui wheatr 
Spike lets/plant 

17. Plant height, 1000-grain H Camargo and 	1983 
weight Oliveira 
Grain yield/plant L 

18. Grains/spike, plant height,  H Das and Rahrnan 	1984 
days to maturity 
1000-grain weight, spike L 
length 

19. 1Q00-grain weight, heading H 	Martynov et 1. 1984 
date, plant height 

	

20  • plant height, spike length, H 	Sharma et a]. 0 	1984 
NO • of grains/spike. 1000-
kernel weight 
Noe of tillers/plant 	

L
M 

yield/plant 

21.  Harvest index H 	Krali j evic et a].. 1985 

22.  1000 _grain weight H 	Pathak and Nema 1985 

23.  Plant height H 	Choudhary 	t al. 1986 
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1a 	 2„ 	 3. 	40 	 50 

24. LAI-I 	 H Kharche 	 1986 
LAI-II (in  Setaria italica) M 

25. LAI-I and LAI-Il 	 L 	-5harma 	 1988 
(in kodo millet) . 

H - Hi h f M - Moderate; L - Low; No. - Number 

2.1.3 genetic advance - 

Johnson et al . (1955a) indicated that heritability 

estimates when studied in conjuction with genetic advance 

would provide more appropriate information than the study of 

heritability alone. The brief review of the work done on wheat, 

on this aspect has been given below :- 

No ,I 	Traits Result 	Workers 	Year 

eI 	 T 3. 	 4. 
 

10 	1000-grain weight, ear 	
H 	Mishra 	 1971 

length, No. of spikelet$/ 

spike 

2. 	Noe of effective tillers/ 
	M 	than et al. 	 1972 

Plant, No. of grains/ 	r 

3' 	effective tillers/Plant. 	H 	Tikka at 1, 	 1973 

1000-grain weight 

40 
	Plant height, 100Q°grain 	H 	Randhawa et al. 	1975 

weight, No. of grains/ear 

5 . Plant height, spikelets/ 	H 	Isl am 	 1976 
spike 
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10 2. 3 0 4 	 5. 0  

6o Biological yield/plant, H Shrivastava et 	1. 1981 
harvest index, grain yield 
per plant 

70 LAI-I, LAI_II (in Setaria H Marche 	 1986 
lica) 

8. LAI-I H Sharma 	 1988 
LAI -I I L 

No. - Number; H - High P M - Medium; L - Low, 
LAI-I - Leaf area index (pref lowering) 
LAI-II Leaf area index (postf lowering) 

2.2 Correlation Coef ficien.~ 

Yield is an important economic character and is the 

ultimate outcome of interaction of several metric traits. 

Among various yield and yield contributing characters, some 

may be directly and positively associated with yield, which 

are useful in selection programme. 

In general, genotypic correlations are higher than 

phenotypic correlations as confirmed by Weber and Murthy 

(1952) and later by Johnson et al. (1955b) . Mathematical 

implications of correlations at phenotypic, genotypic and 

environmental levels have been discussed by Searle (1961) . 

Findings of previous workers have been summarised below a- 



Choudhary t to 

Paroda and Joshi 

1970 

1970b 

-ve 
+ve 

+ve 

Sethi and Singh 	1972 +ve 
-ve 

Randhawa et 1. 	1975 +ve 

Maya 	 1975 +ve 

1.  Tiller No./plant - 	Grains/spike 
Ear length - 	No. of grains/spike. 

2.  Grain yield - 	Days to 50% flowering 
- 	Plant height 
- 	Ear length 

Grains/ear 
- 	Spikelets/ear 
- 	1000-grain weight 

3.  Grain yield - 	Grains/ear 

4 e Grain yield - 	Spikelets/spike 

50 Grain yield - 	No. of tillers/plant 
- 	No. of spikelets/spike 
- 	No. of ears/plant 

5. Biological yield - 	No. of ears/plant 
- 	Grain weight/plant 

No. of ears/plant - 	Grain weight/plant 

70 Grain yield - 	Ears/plant 
- 	Days to maturity 
- 	1000-grain weight 

1000-grain weight - 	Plant height 
- 	Ear length 

8.  Grain yield - 	Plant height 
- 	Ears/plant 

Ear length - 	1000-grain weight 

9.  Grain yield - 	Days to maturity 

Singh and Anand 1971a 

Singh and Anand 1971b 

ingh and Randhawa 1971 

Barrath et lv 	1972 

+ve 

we 

+ve 

+v e 

0 

+ve 

S' Character combination ResultT 	Workers Year 
No, 
3. 2. 3. 	

~- 50 



. 	 3. 	 4 0 	 50 :i.  	 ~~ 	 o ~ 

1977 10 o Plant height 	- Ear length +ve 	Raut et ale 
- 1000-grain weight 

No. of spikelets/ 	- Grains/ear 
spike 

11.  No. of tillers/plant- Yield components -ve 	Abakumenko 

12.  Grain yield 	- Leaf area +ve 	Dhiman 

13.  Grain yield 	- Plant height +ve 	Lu and Chen 
- Test weight 

14. Grain yield 	- Spikelets/spike 	 +ve 	Kumbhar eM al o 
- Grains/ear 
- 1000-grain weight 

Ears/plant 	 - Spikelets/spike 
- Grains/ear 
- 1000-grain weight 

Spikelets/spike - Grains/ear 
- 1000-grain weight 

Grains/ear 	 - 1000-grain weight 

15. Grain yield - Leaf area 	 +ve Lyfenko et 	10 

Note : The semi-dwarf variety exceeded moderately tall varieties in 
leaf area during the grain filling, although reverse was true 
at the beginning of tillering. 	, 

16. Grain yield - 1000-grain weight 	 +ve Sambhu 
- No. of tillers/plant 

17. Grain yield - Spikes/plant 	 +ve Bhullar and 
- 1000-grain weight Nijjar (in durum 
- Plant height wheat) 
- Spikelets/spike 
- Spike length 
- Days to maturity 

1979 

1981 

1981 

1982 



1 • 	 2 • 	
O 	

sir—roves—~~r+.—r 

3 	 4 Y 	 5 Y 

18.  Grain yield - 100-grain weight +ve Bhutta et al.  1984 

19.  Grain yield - 1000-kernel weight +ve Sandhu and Managat 1985 
- Grains/spike (in To aestivum, 
- No. of tillers/plant To dui, To s haae- 
- Plant height rococcum) 

20.  Grain yield - No. of tillers/plant +ve Anderson 1986 
- No. of ears/plant 
- Grains/ear 

21.  LAI-I - Plant height +ve Kharche 1986 
- Bar length 

LAI-II - Plant height 

22.  Grain yield/plant - Plant height +ve Kumar 	t 	la 1986 
- Grains/spike 

1000-grain weight - Grains/spike -ve 

23• Grain yield - Biological yield +ve Kumar and Chowdhary 1986 
- No. of tillers/plant (in durum wheat, in 
- Harvest index 3 environments on 

Biological yield - No. of tillers/plant irrigation and ferti- 
lity basis) 

24.  Grain yield - Spike length +ve Sheoran 	t 	1. 1986 
- Grains/spike 
- Plant height 
- Flag leaf area 

25.  Grain yield - plant height, ear length +ve Pathak et al. 1986 
26.  Grain yield - No. of tillers/plant +ve aid Balyan 	Singh 1987 

- Biological yield 
27.  Grain yield = Harvest index, grains/ear +ve Shamsuddin 1987 

- No. of ears/plant 

+ve a Significant positive correlations -ve s Si 
	

icant negative correlation 



19 

2.3 Path Coefficient Analysis 

Path 'coefficient analysis is a standardized partial 

regression coefficient analysis which helps in examining the 

relative contribution of both direct and indirect effects of 

independent variables on dependent variable. 

Concept of path coefficient was originally developed by 

Wright (1921) . This method was utilized by many workers viz., 

Dewey and Lu (1959) in crested wheat grass. In wheat, many 

workers have used path coefficient technique to gain deeper 

insight into the nature of inter-relationship of various yield 

components and yield  

In path coefficient analysis of metric traits in common 

wheat, Paroda and Joshi (1970b) observed that all the yield 

components viz., ears per plant, grain weight per ear and 1000-

grain weight had high positive direct effects on yield* Negative 

direct effect of grains per ear on grain yield was also noticed 

by them. 

Ears per plant had the highest positive direct effects 

on grain yield and 1000•grain weight (Jaimini et al., 1974) . 

Spikes per plant, grains per ear, plant height and grain weight 

in wheat had positive direct effects on grain yield. Indirect 

effects of ears per plant via plant height and 1000-'grain 

weight were also important (Sethi and Singh, 1974) . In spring 

wheat, positive direct effects of 1000-grain weight and -number 

of grains/spike on grain yield were noted, while grain weight 
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per spike was found to have indirect effects (martynov, 1978). 

Path coefficient analysis in durum and bread wheat 

revealed that harvest index exerted maximum direct effect on 

yield per square metre (Kumbhar et al., 1982). Plant height was 

an important component in wheat which contributed directly 

and indirectly in positive direction on grain yield. Negative 

direct effects of plant height and ears per plant on grain 

yield were also observed (Jetasra and t,aroda, 1983c). 

Path analysis conducted in durum wheat (8hullar and 

Nijjar, 1984) revealed that spike number, 1000-grain weight 

and plant height were the most important in selection for high 

yield. Path coefficient study in  eight varieties grown under 

various conditions showed that weight of grains from the main 

ear was the main character determining grain yield (Kozlovskaya 

and Metnik. 1985). Kumar and Choudhary (1986) estimated path 

coefficient for grain yield in three environments and found 

that tiller number had significant indirect effect on grain 

yield via biological yield. in a study on wheat by Kumar et al. 

(1986) under normal and saline conditions, it was revealed that 

in normal environment, plant height had maximum direct positive 

effect on grain yield (1.62), whereas grains per spike and 

1000-grain weight had strong negative direct effects (-0.12 

and -1.379, respectively) on grain yield. 

Path analysis (Sheoran et al., 1986) in rainfed wheat 

revealed that selection of rainfed wheat might be based on 
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1000-grain weight and grains/spike. Greatest direct effect of 

biological yield on grain yield was reported by 8alyan and 

Singh (1987). soyadzhieva (1987) in his path coefficient 

analysis in wheat revealed that the greatest direct effect on 

grain weight per plant was shown by grain weight per ear and 

number of productive tillers per plant. Correlation and path 

coefficient analysis (5hamsuddin, 1987) in 30 genotypes of 

bread wheat (Triticum aes UM L.) indicated that spikes per 

plant, grains per spike, 1000-grain weight, biological yield 

and harvest index were relate_ co yield and had direct effects. 

2.4 G~no~pe x Environment interacL-ion 

Differential response of genotypes under varying envi-

ronments is termed as g x e interaction. Significant g x e 

interaction was observed for grain yield and spikes per plant 

(Purohit at al., 1981). 

For all the characters under investigation, significant 

cultivar x locality interaction was reported by Doss at al. 

(1983). while for harvest index, grain yield, biological yield 

and plant height on 10 hard red wheat (Triticum aestivum L.) 

cultivars grown at 5 locations. 

In a study of 24 wheat cultivars sown on 3 different 

dates at 2 locations, significant genotype x environment 

interaction was observed by Rasal et al. (1983), 
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Significant genotype x environment interaction was also 

observed for almost all the characters except number of 

tillers per plant®  number of ears per plant and harvest index 

by Singh (1989) in a study of 54 diverse wheat lines sown in 

two different environments a 



Chapter - III 

MATERIALS AN J METHODS 



3 4 MATERIALS AN) METHODS 

The present investigation was conducted at the 

Livestock Farm of the Department of Plant Breeding and 

Genetics, Jawaharlal Nehru Krishi Vishwa Vidyalaya, Jabalpur, 

during rabi 1967-88. 

Jabalpur is situated at 79°571 1. longitude, 23012'N 

latitude and at an altitude of 393.2 metres above the mean 

sea level. The climate of Jabalpur is semi-humid and sub-

tropical with extreme rainy. winter and summer seasons. The 

summer temperature seldom goes beyond 118°F and in winter 

it occasionally falls down below 32°F. in general, rabi 

season starts from mid-October and extends upto mid-March. 

The soil of the experimental site is heavy black clay with 

uniform topography and free from waterlogged condition. It 

is medium in available nitrogen and phosphorus, but rich in 

potassium. 

The monthly minimum and maximum temperatures, relative 

humidity, rainfall, number of rainy days and sunshine hours 

(meteorological data) during the crop season have been 

Presented in Table 2. 

23 
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Table 2 : Meteorological data for the crop season (rabi 
1987-88) 

Month Ave tem erature (  oTh 
e a 	ve 

tyumidi 
W 

Ra n a 
(mm) 

Novo 
rainy 
days 

unshi e 
hours/ 
d~___ 

o --~M 	- 	—o 

1987 

Novo 	28.2 	1303 	66.5 	16.5 	1 	708 

Deco 25,2 8.4 68.3 4.3 1 805 

Jan0'88 25.4 9o2 68.0 7.9 1 8.4 

Feb. 28.9 11.7 58.5 - 0 9.2 

March 33.8 15.4 49.0 19.3 1 9.1 

April 39 0 5 22.5 31.0 2.8 0 8.0 

3.1 Experimental Material 

The experimental material comprised 44 diverse genotypes 

of bread wheat (Triticum aestivum Le) , out of which 4 genotypes 

were well developed high yielding varieties used as check 

varieties and other 40 genotypes were the advanced lines (F6 

generation) of bread wheat (T. aestivum L.) obtained from 

C I T (International Centre of Maize and Wheat Improvement). 

Mexico during March- April, 1987. The list of the genotypes 

with their source and pedigree is given in Table 3. 
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Table 3 s List of genotypes with their source and pedigree 

r eu. Qree 

1 

1. 	30016 CM83304 

20 	30052 CM83347 

30 	30072 CM83352 

40 	30166 -CM85518 

5• 30228 	CM85591 

6  • 30305 	CM85645 

7. 30311 -do- 

8e 30472 CM85776 

9• 30482 -do- 

10e 30515 CM85795 

110 30564 CM85817 

12 • 30 579 CM85819 

13. 30596 -do- 

14e 30616 -do- 

15. 30647 	CM85836 

16.  30683 -do-- 

17.  30747 CM85839 

18.  30792 CM87368 

19.  30803 CM87398  

20.  30835 CM87559  

21  • 30934 CM83693 

22. 30951 	-do- 

23. 30977 	CM83715 

Glew/4/KV Z/IBB/CHW 3/TRM 

VEE 	S' S' /THB' S' 

VEE p S'S'//BUC'S'/PVN'S' 

Ures/3/Ald' S'/Cep75630//Cep75234/ 
PAT7219 
BUC' S'//Ald' S/AZ 

Vee 5s' Ss/5/I AS 58/4/KAL4/VV//CJ' $- 
3/Aid's' 

NGS/CNTB//ALDKN' S' /IAS 58/3/CNR' S' 

-do - 

PFAU' S/Yee }A 5'S' 

papagos 86/3eri 

papagos 86/S/Fury/S LWAldar' S' 

-do- 

_do 

BD/V09144//Kal/BB/3/`Yaco' s ° /4/Vee 
Sass 

-do -- 

Kea' S'/BVC'S'//FCT'S' 

F9  70/Manta' s//Lira' s/3/Ures 

NGNG7840//ALD' S/PVN'  S/3/Lira° s' 

WH283/3/GCB/A2//MUC' S'/4/Lira' S' 

Ci14227/TRM//toad' s'/3/mg' S' 

-do- 

Bow' s' //Jul?/BHY' s 



0 

W 

Table 3 contd...  

2 0 

	 3 	 4. 
a._.. 

24.  31053 CM85940 KV Z//BB/CHA✓3/TRM/4/THB' S ° 

25.  31268 CM86106 CAR853/COC/Vee' s'/3/Bow's' 

26.   31402 CM86108 CAR853/COC/Vee' s' /3/Saral 

27.   314 31 CM8 6115 ALD' S/PVN' S ° //THB ° S' 

28.  31498 CM86171 PAR jA 2/H567, 71//THB' S' 

29.  31504 CM86205 MRNG/AIDAN' S'//SARA 

30.  31507 -do- 

31.  31539 CM86210 Ald' s'/COC//THB' S' 

32.  31551 CM86211 Ald' s'/COC//SARA 

33.  31654 CM8770 IAS20/H567, 71//Vee 	S' S'/3/ 

34 , 31663 	-do- 

35. 31789 	CM86726 

36o 31831 	CM87414 

37. 31834 	-do- 

38. . 31843 	CM87493 

390 32041 	CM64758  

-do- 

IAS58/4/KAL/BBI/CJ' S'/3/ALD'S'/3/ 
Bow's' 

Kezaol/Glenn/3/Aldan' s'/Cep7563// 
Cep75234/PAT7219 

-do - 

BVC ° S/Vee s' s'/3/Aid' s/Cep75630/ 
Cep75630//Cep75234/PAT7219 

ANB O S'/BVC'S' 

CM78363 SNBS/3/GOB/A7//MLJS' S' 

8308 x $331 

(E4870 x C303) X ($339 x V18) 

(53-388-An) x (Yt54 x N10B) LR64 

Cno x Ilnia x Bb/Cno"S" -p j 62 x Gallo 

40. 32177 

41. Lok-1 

42. WH147 

43. Sonalika 

44. J405 

Note $ Sr. No. 41,42,43 and 44 are the check varieties, i.e.. 
well adopted high yielding varieties of India. 



3 2 Methods 

3 0 201  Sowing and application of fertilizers  

The crop was sown on 2nd December, 1987 under two 

different fertility levels (two environments) o- 

E1  (High fertility level) : Fertilizers like N (urea) , 

P 205 .(single superphosphate) and K20 (muriate of 

Potash) were applied @ 100, 50 an: 15 kg/ha, respe. 

ctively o 

E2  (Low fertility level) s Fertilizers like N (urea) , 

P 20 5  (single superphosphate) both were applied @ 40 

kg/hao K20 was not appliedo 

3.2.2  Experimental  desk 

The experiment was laid out in a randomized complete 

block design under two different environments vino, high 

fertility environment  (E1) and low fertility environment 

(E2) each with . three replications. In each replication of 

both the environments, genotypes were randomly allotted to 

the plots of two rows of 2.5  metre length. The spacings 

between rows and plants were maintained at 23 cm and 7.5 cm, 

respectively. 

3.203 Observations recorded 

There was separate sampling for morphological chara-

cters, Border rows were discarded to avoid border effect, 

27 



observations were recorded from each entry in each replica. 

tion under two environments separately 

3 2 04  Plant sing for mor holo ical characters 

Ten competitive plants were randomly selected and 

tagged to record the following observations from each entry 

in each replication  of both the environments separately $ 

(1) Days to 50% f lowerifl 

The period from the date of sowing to date of 50% 

flowering was recorded and expressed in days (average number 

of days) a Date of 50% f lowering was recorded when 50% of the 

florets of the ears of the selected' plants had bloomed. 

(2) nave to maturitj 

The period from the date of sowing to date of maturity 

(ripening  of every selected plant) was recorded and expressed 

in days (average number of days) e 

(3) Duration  from f lowers 

It has been denoted by 

rnatur 

'D . Days to 50% flowering (F) 

was substituted from the days to maturity (M) and the value 

Of • D' was calculated as under s. 

'D' = M - F 
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(4) Plant height 

Height of the plants from ground level to top of the 

earhead excluding awns was recorded in centimeter at maturity. 

(5)Tillers pep a! 

Total number of tillers for each tagged plant were 

counted at maturity and expressed in number. 

(6) Ears AeS plant 

Ears were counted from each tagged plant just before 

harvest and expressed in number, 

(7) Ear length 

Length of all ears per plant was measured from the 

base to the tip of the earo Average ear length was computed 

and expressed in centimeter 

(8) Si ke  lets  eressi 

Number of spikelets was calculated on the basis of 

average of  spikelets of all the spikes from each tagged plant. 

(9) Grains er spike 

Two spikes from each tagged plant were threshed 

separately and seeds were counted from these spikes 

directly. 



(10) 1000m rain weight 

1000 grains were drawn randomly from total grain yield 

of selected ten plants and weighed in grams. 

(11) Grain yield peplaflt 

Grains of each tagged plant were threshed separately 

and sun-dried and weighed in grams. 

(12) Biological yield er plant 

It is taken as total sun-dried plant weight (including 

ears with grains and excluding roots) and weighed in gramso 

(13) Harvest index (%) 

Harvest index was calculated as follows : - 

HI (%) 
Grain yield 

= ~o gjoj tcal yie 
r~lant 	x 100 per plant 

3 .2.5 
	lant sam ling foaf area 

In both El and 92 environments, investigations on some 

of 

 

the physiological aspects were taken up at two stages; 

first at 45 days after sowing and second at 65 days after 

sowing 4 At 45-day  stage, none of the genotypes had ear 

emergence. Therefore, this stage was taken as prewf lowering 

stage and at 65-day stage nearly all the genotypes had bloomed. 

30 
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Therefore, this stage was taken as post-flowering stage. 

Observations were based on two competitive plants which 

were uprooted for this purpose. Leaves were detached from 

the Plants and then total leaf area for two plants was 

measured by leaf area meter known as LI-COR Model LI-3000 

Portable Area Meter. This instrument utilizes an electronic 

method of rectangular approximation to measure leaf area on 

intact plant. 

Calculation  of  leaf area index 

Leaf area index (LAI) is the ratio of leaf area (LA) 

to the ground  occupied by a plant and is worked out by the 

formula - 

Leaf area (LA)  

LAI so 	
Ground area occupied bya plant (p). i.e., 

spacing 23 x 7.5 cm 

303  Statistical  

The data recorded on various plant characters were 

Subjected to statistical analysis for each environment 

separately. In addition,  pooled analysis was also carried out, 

3.3 .1 Anal sis . of variance 

The  data of both the environments were subjected to 

analysis  of variance for all the characters separately. The 

Skeleton of the analysis of variance was as given below s - 



variation 

Ii 
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Skeleton of ANOVA Table 

Replications (r-1) =2 	Ss 	MsR 
R 

MS 
Genotypes 	(g-1)43 	SSG 	G 	oe + r Crg ,.. G 

1vbS~ 

Error 	(r_1) (g-1) F8 6 SSE 	MSE 	cr e 

Total 	 (rg-1) =131 

where, 

r 

9 

2 
6^e 

2 
6'9 

~p 

number of replications 

= number of genotypes 
MSS 

r 

Ms G -MS E  
r 

phenotypic variance =a' f. 2 

error variance 

genotypic variance 

3* 3°2 PEc pled anal sipf Variance 

Data on both the experiments were subjected to pooled 

analysis of variance after testing the two environments for 

the homogeneity by Bartelett' s test, The skeleton of pooled 

analysi3 of variance was as follows z- 



33  

s s ANOVA Table for pooled analysis i 

Source' 
variation 

Degree of 
freedom 

ooservea 
mean 
s 	are 

iocpectea 
mean square 

Environments 1 

Replications within 4 
environment 

Genotypes 43 M3 +r aJe+re a g 

Environment x Genotype 43 M2 -rr age 

2 
Error 172  

3.3.3 Estimation of genetic-~arametars 

2 Mean, range, components of variance ( 	. 	and o-e). 

genotypic and phenotypic coefficients of variation, heritabi-

lity, genetic advance and genetic advance as percentage of 

mean were calculated for both the environments separately for 

all the traits studied. 

(1) 
Mean and ran a e- Means and ranges were calculated as 

per conventional methods. 

(2) 
Genotypic and phenotypic coefficients of variations- These 

we
re computed using the formulae given by Burton (1952) s- 

	

G.C.V. = 	C— x 100 
X 

p 

	

.c.v. _ 	__2_ x 100 
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(3) Heritability in broad sense s - Heritability in broad 

sense (h2  B) was calculated by the method proposed by Hanson 

t la 11956) o  it is the ratio of total genotypic variance to 

the total phenotypic variance and expressed in percentage. 

h 23 = 	 x 100 

(4) Exbected genetic advance o - Expected genetic advance 

was calculated by using the method of Johnson et a10 (1955a) m 

Lxpec ted Genetic Advance = k0 6+p .h28 

where, 

value. The value of k is fixed at a 
g- to 	r  level of intensity, i e e o, at 5%. 

k 2.06 

6'p 	phenotypic standard deviation 

h 2B 
	heritability in broad sense 

(5) Geneti c  advance as erc®nta a of mean s- It is the ratio 

of genetic advance to the general mean of the character and 

expressed in percentage• 
G.A. 

G.A  o  as percentage of mean = 	 x 100 

303.4 Anal sis of covarIa 

The analysis of covariance was carried out in order 

to find out the covariance components and to estimate correla- 

tion coefficient, Its skeleton was as given below z 

I 

0 
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Skeleton of ANACOVA Table 

SourCe of 	Degree of 	Observed 	Expected mean sum 
variation 	freedom 	mean sum 	of product 

of o ro duct 

Replications 

Genotypes 

Error 

(r-1) 

	

(g-l) 1~ 	 de + 6'g ij 	 ij 	ij 

(r-1) (g-1) 	E 	 2 

where, 

2 
efj 

error covariance between i
th 

and j characters 

r 

2 
6.gij 	g 

ejiotyPic covariance between ith and j th characters 

r 

th 2 th dpi j 	phenotypic covariance between i and j characters 

+ 

3  ° 

 

3.5  9stimation of correlation coefficients 

Correlation coefficients were calculated for all the 

character combinations at genotypic, phenotypic and environ-

mental levels with the help of formula suggested by Millet 

t to (1958). 

r~ 	~!  

jVarx 	ar x 
j 
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where, 

rXix j 	correlation coefficient between characters x 
and xj  

Cov.(xi,x j) = covariance between characters xi  and x j  

Var (x) = variance of ith  character 
i 

Var (x ) = variance of J th  character 
j 

Genotypic,, phenotypic and environmental correlations 

were calculated by substituting genotypic, phenotypic and 

environmental covariances and variances in the formula. 

Correlation coefficient was tested by 't° test. 

,___ rl.._.. . 	 at (n-2) degree of 
I ts c 

	

	 n- 	freedom 
1 - r 

Where. 

't ° 	calculated ' t°  value at (n-2) degree of 
C 	freedom 

r estimated value  of correlation coefficient 

n 	number of observations 

3 .3.6 Path coefficient analXs is 

Path coefficient is simply a standardized partial 

regression coefficient which measures the direct and indirect 

effects of the independent variables on dependent variable° 

Path coefficient analysis was  carried out by partitioning the 

correlation coefficients between grain yields biological yield 
C. 
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and harvest index and its components into direct and indirect 

effects o 

Wright (1921) has evolved the method for the path 

coefficient analysis which was further modified by Dewey and 

Lu (1959) 0  

Residual effect (R) was calculated by the formula given 

below g_ 

R 	1  + Z dirij 

where, 

d = direct effect of ith  character 
i 

rij = co rrelation coefficient of ith character with 

j th  dependent character 



Chapter - IV 

a U td T 



4 s  

Genetic analysis of 13 traits including yield and its 

components along  with leaf area index (LAI) at two stages of 

crop growth and development was carried out in 44 diverse 

genotypes of wheat at two levels of fertility viz., high 

fertility (environment E1) and low fertility (environment E2) . 

Pooled analysis of data for both the environments was also 

carried out4 The results of El, E2  and pooled analysis have 

been presented under the following heads z 

4.1 Parameters of genetic variability 

4 e 1 .1  Analysis of variance, mean performance 
and estimates of genotypic and phenotypic 
coefficients of variation, i.e.,  GCV and 
pcy, respectively 

4,1,2 Heritability and genetic advance expressed 
as percentage of mean 

4.2 Correlation coefficient analysis 

4e3 Path coefficient analysis 

4.4 Genotype x environment interaction 

401 Genetic Parameters of Variability 

4.1.1 Anal $i8 of variance and mean performance and es 
cienotvp c ao yicoet ficien s o yar 

The analysis  of variance revealed highly significant 

differences due to genotypes for all the characters in both the 

environments (Tables 4 & 5) e 

IJ 



Table 4 : Analysis of variance for yield and its components (E - .high fertility) 
1 

characters 	Days toj Days to 	 Plant Noe of Noe of Ear 	Noo of  
d.f.  . 50% 	matu- 	'D' 	height tillers ears' 	length spikelets 

Source of 	 flower- rity 	 (cm) 	per 	per 	(cm) per 
variation 	 in 	IDIant plant 	 soi ke 

Replications 	2 

Genotypes 	43 

Erro.r 

000000 0.0500 0.1900 18.8500 4.7203 0.3457 10.4843 19.7950 

58.561 21.2604*  32.5251 193.0232 701271 6.1454 1.5225 5.2516 

0.0543 0.0092 0.1196 9.7744 0.9813 0.2759 0. 5750 1.4776  

Characters I 	No. of 	1000- - Grain Biologi- Harvest 
d¢ 	grains 	grain 	LAI-I 	LAI-II yield/ ca-1 index  

Source of 	I per 	weight plant yield/ (%) 
variation 	Jr spike ike plant(g)  

Replications 2 1.9100 9.9650 0.0198 0131 37.3820 11.1200 097100 

Genotypes 43 202.55' 4 106.5614 3.1395 305019 80.7541 226.558 43.3312 

Error 86 13.6739 5.4689 0.0463 0.0713 332461 6.3046 2.4083 

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



Table 5 : Analysis of variance for yield and its components (E2  - low fertility) 

aractess 	Days .to Days to 	 jP ant 	No. of No. of Ear 	JNO0OU  

df 50% 	maturity. 'D° 	height tillers jears 	lgngth . spikelets 
Source of 	flower- 	 J (cm) 	per 	jper 	(cm) 	per 
variation 	ina Iplant I plant 	 s ike 

Replications 	2 	0.0300 	0.4000 0.2350 2..4950 0.7260 0.2912 8.5410 9.4160 

Genotypes 	43 46.4160 	19.2730 34.8448 119.6518 4.0323 3.0028 2,0020 5.4016 

Error 	 86 	0.1626 	0.1151 0.2581 5.8993 0.4311 0.1454 0.9132 V 0.5419 

Characters Nov of 1000- Grain Biologi- 	Harvest 
grains, grain LAI-I LAI-II yield/ cal yield index 

Source of per weight plant V per/plant 	(%') 
variation spike - (g) V 

V f g - (g) 	j 

0- 
0 

Replications 	2 53.2200 2a3250 0.0063 

Genotypes 	43 140.183I 84.2696 2.1271 

0.0131 
	

1.6400 	1x0390 
	

4.8050 

2.4493 16.9309 168.1177 31.9960 

Error 
	86 11.6427 1.8448 0.0253 0.0424 1.9212 77.3063 1.7208 

Significant at 5% level 	 V  
Significant at 1% level 
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In order to see genetic variability at a glance, mean 

performance and ranges of variations for each character in 

E1• E2  and pooled analysis have been presented in Tables 6,7 

and 8, respectively. 

Genetic variations present in the experimental material 

for the traits taken into consideration were studied in El, 

E2 and in pooled 
 analysis which have been presented in Tables 

6.7  and 8, respectively s 

Variances were calculated at genotypic, phenotypic and 

environmental levels • phenotypic variances were found higher 

tha
n the genotypic and environmental ones for all the chara-

cters in both the environments (E1  and E2) and also in the 

pooled analysis. 

Ing eneral , the estimates of PCV were higher than 

In E, the highest value of ACV was recorded for grain 
1 Yield per plant (32.70). followed by LAI-I (28.83) , biological 

yieldP er plant (24.13) • LAI-II (22.72) , number of  tillers per 

plant (19.34) , number of ears 
per plant (18.81) , number of 

grains per 
er spike (18.25)' 1000-grain weight (13.42) , plant 

height (9.09) . harvest index (8.89), ear length (8.33) , days 

from flowering to maturity, i.e., 'D' = M-f (7.94) , number 

of spikelets per spike (6.84) , days to 50% flowering (6.12) 

and days to maturity (2.35). Similarly, the highest value of 

GCV was obtained for LAI"I (28.83) , followed by grain yield 

per plant (25.08) , biological yield per plant (23.79) , LAI-II 



Table 6 s Parameters of genetic variability (El - high fertility) 

Parameters 21 	2 	2 2 GA as 
Mean _ 	Range 	~p 	6-g 	ci a 	PCV 	GSCV h 8 ( ) G.A o percent 

Characters Min. 	Maw. of mean 
age 

Days to 50% flow- 
ering 
Days to maturity 

Days from flower- 
ing to maturity 

Plant height (cm) 
No. of tillers 
per plant 

No. of ears/plant 
Ear length (cm) 

No. of spikelets 
per spike 

No. of grains 
per spike 

1000-grain 
weight (g) 
L I-I 

LAI-II 

72.12 64.00 85.00 19.52 19.50 0.01 6.12 6.12 99.94 9.09 12.61 

112080 107.00 121.00 7.09 6.88 0.20 2.35 2.32 97.17 5032 4.72 

40.74 32.00 47.00 10048 10.44 0.03 7.94 7.93 99.61 6.64 16030 

88.18 70.90 102.42 64.45 61.08 3.25 9.09 8.86 94.93 15.68 17.78 

'1.96 5.26 13.20 2037 2.04 0032 19.34 17.94 86.07 2.72 34.29 

7.59 5.26 12.86 2.04 1.95 0009 18.81 18.39 95.58 2.81 37.05 
8.48 6.93 9.60 0.50 0.31 0.19 8.33 6,56 62,00 0.90 10064 

19.33 14.83 21.40 1.75 1.25 0.49 6.84 5.78 71.42 1.94 10.06 

45.00 26.81 61.51 67051 62.96 4.55 18025 17063 93.26 15.78 35.07 

44.99 35.23 54066 35.52 33.69 1.82 13024 12.90 94984 11.64 25088 

3.52 1.82 5.92 1q04 1.03 0.01 28.83 28.83 99.03 2.08 59.10 

4.78 3.21 7.18 1.16 1.14 0.02 22 0 72 22.33 98.27 2.18 45.61 

Grain yield per 	i5.86 	9.26 28.25 26.91 15.8311.08 32.70 25.08 58.82 6.28 	39.63 
plant (g) 

biological yield 	36.00 21.19 58.10 75.51 73.41 2.10 24.13 23.79 97.21 17.40 48.34 
per plant (g) 

Harvest index (fib) 	42.73 35.40 48.733 14.44 13.64 0.80 8.89 	8.64 94.45 	7039 17.30 



Table 7 s Parameters of genetic variability (L2  - low fertility) 

G. A. as Parameters 	 T-  
Mean Range a-g eTi CV GCV h2B(k) 	G.A. percent- 

Characters Min • LMS • 
age of 
Mean 

Days to 50% 74.69 66.00 	86.00 15.47 15.41 0.05 5.26 5.25 99.61 8.07 10.80 
flowering 
Days to maturity 113.38 110.00 122.66 6.42 6.38 0.03 2.23 2.22 99.37 5.16 4.57 
)ays from flower- 38.67 28.00 	45.66 11.61 11.52 0.08 8.81 8.77 99.22 6.96 18.01 ing to maturity 
Plant height (cm) 84.22 4.73 	9.06 39.88 37.91 1.96 7.49 7.31 95.06 12.36 14.68 
No. of tillers/plant 	6.00 3.66 	8.13 1.34 1.20 0.14 19.29 18.25 89.55 2.13 35.50 

No. of ears/plant 5.69 6.13 	9.63 1.00 0.95 0.04 17.57 17.12 95.00 1.95 34.39 	s, 
L,) 

Ear length 8.36 15.26 	22.46 0.66 0.36 0.30 9.71 7.17 54.54 0.91 10.91 
No. of spikelets 18.88 27.59 	58.40 1.80 1.61 0.18 7.10 6.72 89.44 2.47 13.09 per spike 
No. of grains 41.49 31.40 	56.56 46,72 42.84 3.88 16.47 15.77 91.69 12.91 31.11 per spike 
1000-grain 39.46 31.40 	56.56 28.09 27.47 0.61 13.42 13.28 98.32 10.67 27.06 weight (g) 

LAI-I 2.44 1.10 	4.74 0.71 0.70 0.01 34.53 34.28 98.60 1.71 70.13 

LAI-II 3.20 1.84 	5.97 0.81 0.80 0.01 28.12 27.95 98.76 1.83 57.22 

Grain yield per 9.22 4.32 	14.25 5.64 5.00 0.64 25.75 24.25 88.65 4.33 47.03 
plant 	(g) 
Biological yield 24,42 16.40 	48.36 56.03 30.27 25.76 30.65 22.52 54.02 8.33 34.11 
per plant (g) 
Harvest index (%) 40.34 35.16 	48.60 10.66 10.09 0.57 8.09 7.87 94.65 6.36. 15.78 



Table 8 s Parameters of genetic variability (pooled analysis) 

~cA as 

1:ean 	Range 	~p I ~g I 62e 	PCV I GCV h ZB (ro) G.a. I tagcen- 
11 	 `ta e of 

Jays to 50% flow- 73.41 65.00 85.50 32.60 32.56 0.03 7.77 7.76 99.87 11.74 16.00 
ering 
Days to maturity 	113.09 109.33 121.83 10.01 9.99 0.02 2.79 2.79 99.80 6.50 5.75 

days from flower- 39.70 31.00 44.33 16.88 16.82 0.06 10.69 10.33 99.64 8.43 21.24 
ing to maturity 
Plant height 86.20 69.61 97.86 94.28 91.58 2.60 11.26 11.10 97.13 19.42 22.53 

No. of tillers/plant 6.98 5.30 10.66 2.65 2.42 0.23 23.32 22.19 91.32 3.06 43.87 

No. of ears/plant 6.64 5.10 10.13 2.15 2.08 0.07 22.08 21.72 96.74 2.92 44.00 

Ear length (cm) 8.42 6.70 9.56 0.96 0.71 0.24 11.63 10.00 73.95 1.49 17.72 

No. of spikelets 19.11 16.88 20.90 2.75 2.41 0.33 8.67 8.12 67.63, 2.99 15.66 
per spike 
No. of grains 43.25 29.62 55.29 80.67 76.45 4.22 20.76 20.21 94.76 17.53 40.54 
per spike 
1000-grain 42.23 34.43 59.86 48.92 47.70 1.22 16.56 16.35 97.50 14.04 33.26 
weight (g) 
LAI_1 2.98 1.46 5.33 1.49 1.48 0.01 40.96 40.82 99.32 2.47 83.55 

LAI-11 3.99 2.49 6.07 1.67 1.66 0.01 32.38 32.29 99.40 2.69 66.31 

Grain yield/plant(g) 12.54 7.18 23.07 19.48 13.62 5.86 35.19 29.43 69.91 6.35 50.63 

Biological yield 30.21 16.93 44.82 80.98 67.05 13.93 29.78 27.10 82.79 15.34 50.80 
per plant (9) 
Harvest index (%) 41.53 34.43 48.81 18.28 17.59 0.68 10.29 10.09 96.22 8.47 20.40 
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(22.33) , number of ears per plant (18.39) , number of tillers 

per plant (17.94) , number of grains per spike (17.63) , 1000- 

grain weight  (12.90). plant height (8.86) , harvest index 

(8.64) , I D1 (7.93). ear length (6.56) , days to 50% flowering 

(6.12), number of spikelets per spike (5.78) and days to 

maturity (2.32). 

In E2 , the highest value of PCV was recorded for LAI-I 

(34.53) , followed by biological yield (30.65) , LAI-II (28.12) , 

grain yield per plant (25.75). number of tillers per plant 

(19.29) , number 
 of ears per plant (17.57) , number of grains 

per spike (16.47) . 1000-grain weight (13.42) , ear length 

(9.71) ,   D' (8.81).  harvest index (8.09). plant height (7.49). 

number of spikelets per spike (7.10) , days to 50% flowering 

(5.26) and 
 days to maturity (2.23) . Estimates of CCV was 

highest for LAI-I (34.28) 
 • followed by LAI-II (27.95) , grain 

YieldP er plant 
(24.25). biological yield per plant (22.52) , 

number of tillers per plant (18.25) , number of ears per plant 

(17.12) , number of grains per spike (15.77) , 1000-grain weight 

(13.28) , 'D' (8.77). harvest index (7.87). plant height 

(7.31). ear length (7.17) • number of spikelets per spike 

(6.72) , days to 50% flowering (5.25) and days to maturity 

(2.22) . 

Phenotypic coefficients of variation estimates for 

pooled -  analYsis was found highest for LAI-I (40.96), followed 

by grain yield per plant (35.19) , LAI-II (32.38) , biological 
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yield (29.78) , number of tillers per plant (23.32) , number 

of ears per plant (22.08) 9  number of grains per spike,  (20.76), 

1000-grain weight  (16056) , ear length' (11.63), plant height 

(11.26) , 'D0   (10.89) . harvest index (10.09) , number of spike-

lets per spike (Be 67) , days to 50% flowering (7.77) and days 

to maturity (2.79) . similarly, the highest value of GCV was 

recorded for LAX-I (40.82) • followed by LAI-II (32.29) , grain 

yield per plant (29.43). biological yield (27.10) , number of 

tillers per plant (22.19). number of ears per plant (21.72), 

number of grains  per spike (20.21) , 1000-grain weight (16.35) , 

Plant height (11.10). '0' (10.33) , ear length (10.00) , harvest 

index (10009) , number of spikelets per spike (8.12) , days to 

50i6  flowering (7.76) and days to maturity (2.79) . 

4.1.2 
	 ed as 

percentage of mean 

Heritability estimates varied from character to chars 

Otero Heritability estimates Were also found different for 

the same character under • different environments (Tables 6,7 & 

8) . 

in E, days  to  50% flowering had the highest heritabi-- 

lity estimates (99,94%)  • followed by 'D' (99.61%) , 

(99.03%). LAI-II (98.27%). biological yield (97.21%) , days to 

maturity (97.17%) , number of ears/plant (95.58%) , plant height 

(94.93%) , 1000-grain weight (94.84%) , harvest 'index (94.45%) , 

number of grains per spike (93.26%) , number of tillers per 

plant (86.07%). number of spikelets per Spike (71.42%) and 
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ear length (62.00) o Estimates of heritability was found lowest 

for grain yield per plant (5882%). 

In E2 , highest heritability value was recorded for 

days to 50% flowering (99.61%), followed by days to maturity 

(99.37%), 'D' (99.22%). LAI-II (98.76%) , LAI-I (98.59%) , 

1000-grain weight  (97.82%). plant height (95.06%) , number of 

ears per plant (95.00%) , 'harvest index (94.65%). . number of 

grains per spike  91.69%). number of tillers per plant (89.55%) , 

number of spikelets per spike (9944%) , grain yield per plant 

(88.65%) , ear length (54.54%) and biological yield (54.02%) . 

Pooled analysis revealed that days to 50% flowering 

had the highest heritability value (99.87%) , followed by 

days to maturity  (99.80%) • ' D' (99.64%). LAI-II (99.40%) , 

LAI-I (9932%), 1000 -grain weight (97.50%) , plant height 

(97.13%), number of ears per plant (96.74%). harvest index 

(96.22%), number of grains per spike (94.76%), number of 

tillers per plant (91.23%)' number of spikelets per spike 

(87.63%) , biological yield per plant (82.79%), ear length 

(73.95%) and grain yield per plant (69.91%) . 

Expected GA expressed as percentage of mean was calcu-

lated using heritabilitY in broad sense for each character 

for both the environments and pooled analysis (Tables 6.7 & 

8) s  A good deal of fluctuations' had been noticed for the 

characters. Estimates of genetic advance are influenced by 

the unit of measurement, therefore, GA was calculated as 



percentage of mean in order to make relative comparison of 

different characters. In El, LAI-I (59.10%) had the highest 

GA as percentage of mean, followed by biological yield per 

plant (48.34%) , LAI-II (45.61%) , grain yield per plant 

(39.63%). number of ears per plant (37.05%) ,number of grains 

per spike (35.07%).  number of tillers per plant (34.29%) , 

1000-grain weight (25..88%) • plant height (17.78%) , harvest 

index (17.30%).  'D°   (16.30%) , days to 50% flowering (12.61%). 

ear length (10.64%) and number of spikelets per spike (10.06%) . 

The lowest-GA as percentage of mean was recorded for days to 

maturity (4.72%) o 

In E29 
 LAI-I had the highest GA as percentage of mean 

(70.13%) , followed  by LAI-II (57.22%) , * grain yield per plant 

(47 .03%) , number of tillers per plant (35.50%) , number of 

ears per plant (34 .39%) ,v biological yield per plant ' (34.11%) , 

number ofgr gins per spike (31.11%) , 1000-grain weight 

(27.06%) , aye from flowering to maturity, i.e.,  ' D' (18.01%) Ot  

harvest index (15784). plant height (14.68%) , number of 

sPikelets per spike (13.0
9%). ear length - (10.91%) and days to 

50% flowering (10.80%) • Days to maturity exhibited the lowest 

GA as percentage of mean (4.57%) . 

The highest GA as percentage of mean under pooled 

analysis was exhibited by LAI-I (83.55%) , followed by LAI-II 

(66.31%) , biological yield (50.80%). grain yield per plant 

(50.63%) , number of ears per plant (44.00%) , number of tillers 
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per plant (43.87%) , number of grains per spike (40.54%) , 

1000-grain weight (33.26%) , plant height (22.56%) , 

(21o24%), harvest index (20.40%) , ear length (1.7.72%) and 

days to 50% flowering (16.00%), The lowest GA as percentage 

of mean was recorded for days to maturity. 

4.2 Correlation coefficient  Analysis 

To estimate the correlation between two characters, 

correlation coefficients at phenotypic, genotypic and envi- 

ronmental levels have been worked out separately for El  and 

E2 0 Pooled analysis 
 was also carried out (Tables 9,10 & 11) o 

In both El  and E2  environments and pooled analysis 

as well, the results of phenotypic correlation coefficients 

indicated that days to 50% flowering had highly significant 

Positive correlations with days to maturity (0.668, 0.644 

and 0.993) . HoweVer* highly significant and negative correla- 

tions f this trait were found with 'D' (-0.787, -0.751 and 
0 

-0.947) and 1000-grain weight (-0.409, -0.406 and -0.573) , 

respectively. 

Days to maturity had highly significant positive 

correlations with days to 50% flowering in both El  and E2  

environmonto and also in pooled analysis (0.668, 0.644  and 

0.993)  . mis  trait also had significant positive correlation 

with number of ears per plant (0.325) in E2  and highly s igni-

ficant negative correlations with •D0 
 

(-0.870) and 1000-grain 

weight (0.425) in pooled analysis. 
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Table 10 : Phenotypic (P), genotypic 	(G) and environmental 	(E) correlation coefficients of yield with its components 
(E2  - Low fertility) 

Days j 	Plant No. of No. of 	Ear 	No. of 	No. of 1000- 7 	Grain biolo- 	Harvest 
Chara- 	to height tillers ears 	lenoth 	spike- 	grains Brain }field aical 	index 
cter 	J matu- 'D' 	(cm) per per 	(cm) 	lets/ 	per weight 	LAI-I LI-1I 	per yield/ 	(`4) 

j 	I 	rity 	j plant spike 	spike 	I (g) plant (a) plant (g 	+' 

1 P 
** 

0.6445 -0.7516 	0.0083 	0.0063 0.0377 0.0195 0.0891 0.0745 -0.4C68 0.0847 0.0533 0.1297 -0.0378 -0.1266 
G 0.6526 -0.7553 	0.0108 	0.0112 0.04.8 0.0426 0.1023 0.0852 -0.4236 0.0679 0.0564 -0.2219 -0.077E -0.1416 
E 0.0766 -0.5582 -0.0432 -0.0604 -0.0774 	-0.0361 0.0200 -0.0135 0.0423 -0.0633 -0.0590 -0.0388 0.0365 0.0387 

2 P -0.0461 -0.0957 	0.2882 0.3253 -0.1542 0.0897 -0.0232 -0.1239 -0.0960 -0.0585 -0.0015 0.0331 -0.0031 
G -0.0601 -0.1199 -0.3304 0.3447 0.2814 0.0960 0.0305 -0.1266 -0.0972 -0.0616 -0.0153 0.0856 -0.0229 
E 0.6536 	0.3048 	0.1081 0.1471 0.0484 0.1094 0.0594 -0.0734 -0.0534 0.0306 0.1637 	-0.1056 0.3509 

3 P -0.0857 	0.1610 0.1520 0.0643 _0.0081 -0.0843 0.45 -0.0646 -0.0045 0.2400 0.1113 0.2686 
G -0.1030 	0.2088 0.1589 0.0989 -0.0132 -0.1026 0.4799 -0.0661 -0.0063 0.2755 0.2107 0.1671 
E 0.1676 	0.0522 0.0890 0.0971 0.0432 0.3852 -3.1526 -0.C149 0.0472 0.1049 0.00E0 0.2616 

4 P 0.1317 0.1608 0.1419 0.1790 0.264E -0.0183 0.0720 0.1365 0.267E 0.1660 0.045 
G 0.1000 0.1388 0.2716 0.17.2 0.3157 0.019= 0.0823 0.1501 0.3185 0.3891 0.0E52 
E 0.2749 0.3034 0.0231 0.2233E 0.0250 -0.0041 -C.0477 0.0056 0.0817 -0.0194 -0.0454 

5 P 
** 

0.9554 0.1302 -0.1103 -0.0144 0.2127 0.197? 0.2571 
VP 

0.6817 0.3456 0.2286 
G 0.9910 0.2814 -0.2446 0.0186 0.3195 0.2277 0.3134 0.7684 0.7599 0.2636 
E 0.8754 0.0036 0.2770 -0.2200 -0.243E 0.00634 0.044E 0.4469 0.0021 0.049E 

6 P 0.1789 -0.1101 0.0327 0.1985 0•.::045 0.2863 
R * 

0.5940 
♦ 7P 

0.325 0.556 
g 0.3199 -0.1621 0.082E 0.231; 0.2132 0.2051 0.7761 0.6994 0.97 
E 0.0649 0.2012 -0.0274 -0.1105 0.1386 0.113 0.4149 0.12'3E -i:.C:; 6; 

7 P o.1€52 O.LJC^ .G?C i -0 .0956 -0.0189 C.2E97' 0.220E  
G 0.3927 0.5204 0.0831 -0.1689 -0.0227 0.5414 O.577 C.0C4; 
E -0.0381 0.0242 0.1309 -0.0454 -0.037h -0.0994 0.0663 0.0072 

8 p 0.5547 -0.4235 0.0581 0.1661 0.0821 0.0761 -0.0430 
G 0.7160 -0.4812 0.0698 0.1480 0.0404 0.2324 -0.0553 
E 0.0223 -0.1619 -0.0139 0.0113 0.1989 -0.0721 0.006E 

9 P _ -0.3953 0.3340 0.4154 0.4088 0.2458 0.0962 
G -0.4458 0.3930 0.4659 0.4480 0.4688 0.1102 
E -0.1092 -0.0964 -0.0434 0.2920 0.0646 0.0332 

10 P -0.0142 0.0110 0.3611 0.1786 0.0898 
• G - -0.0201 0.0051 0.4325 0..179 0.1163 

£ 0.1054 0.1095 0.0394 0.0273 -0.1486 

11 0.9613 0.3547 0.1970 -0.0041 
• 
G .0.9729 0.4148 0.3265 0.0037 
E  0.7110 0.0846 0.1695 0.1053 

12 P * 	Sianificant at 5% •0.4547 0.2626 0.0085 

G ** 	Significant at 1% 0.5408 0.4183 0.0195 
0.0571 0.2442 -0.1065 E  

- 

ri 
0.4641 0.2719 33 P G  0.9440 0.3531 

E  0.0661 -0.0"l74 

:0 
14 	P 	- 	

,0629 
 -0.0900 

G 	 -0.0579 
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° 

0 

D° had highly significant positive correlations with 

1000-grain weight in E2  and pooled analysis (0.453 & 0.643) , 

while only significant positive in El  (0.315) o This trait had 

highly significant negative correlations with days to 50% 

flowering in E1, E2  and pooled analysis (-0.787, -0.751 and 

-0.947), while it was negatively correlated with days to 

maturity (-0,870) in pooled analysis only. 
u 

Number of tillers per plant had highly significant 

Positive correlations with number of ears per plant (0.925, 

• 0.955 and 0.897)  in El• E2  and pooled analysis, respectively. 

This trait had significant positive correlations with LAI-II 

(0.298) only in El• it also exhibited highly significant 

Positive correlations with grain yield in El  and E2  (0.5003 

& 0.681) and significant but positive (0.351) in pooled  

analysis, This trait also had highly significant positive 

correlations with biological yield in Li  (0.600) and signi-

f icant positive in E2 (p.346). In pooled analysis, this trait 

had highly Significant positive correlation with harvest index 

(0.407) e  

In E1 
 and E2, number of ears per plant,  had highly 

s 
 ignif is ant positive correlations with number of: tillers per 

plant (0.925 & 0.955)' grain yield per plant (0.511 & 0.694) 

and biological yield (0.626  & 0.3$5) , respectively. In pooled 

analysis, this trait was found to have highly significant 

positive correlations with number of tillers per plant (0.897) 
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and harvest index (0.562) and significant positive with LAI-I 

(0.320), LAI-II (0.303) and grain yield (0322)o 

In E1, number of spikelets per spike had significant 

positive correlation with number of grains per spike (0 369) e 

However, in E2 and pooled analysis, this trait exhibited highly 

significant positive correlations with number of grains per 

spike (0.554 & 0.608) but highly significant negative correla-

tions with 1000-grain Weight (-0.423 & 0.460) . 

Number of grains per spike in El had highly signifi-

cant PQsitive correlation with biological yield (0.566) , 

significant positive with number of spikelets per spike (0.369) 

and grain yield per plant (0.318) , while significant negative 

with 1000-grain weight (-0.377) . In E2, number of grains per 

Spike had highly significant positive correlations with 

8Pikelets per spike (O.55)' LAI-II (0.415) and grain yield 

(0.408) and significant positive With LAI-I (O,334)' However, 

it had highly significant negative correlation with 1000-grain 

weight (0.395) • In pooled analysis, this trait exhibited 

highly significant correlations with number of spikelets per 

Spike (0.698). LAI-I (0.414) and LAI-II (0.474) , while it was 

eignif icant and positiVe with biological yield (0.359) and 

signiflcsnt negative with 1000-grain weight (-O356). 

1Q0© ,~grain weight had highly significant positive 

correlations with ° D' in E2 and pooled analysis (0.4537 & 

0.643) but significant positive correlation in E1 (0.315). 



55 

significant positive correlation of this trait was also found 

with grain yield (0.361) in E2 . However, this trait was also 

observed to have highly significant negative correlations with 

days to 50% flowering (-0.409, -0.406 and -0.573) in E1, E2  

and Pooled analysis, respectively, but only with days to 

maturity (-0.425)  in pooled analysis and with number of 

spikelets per spike (-0 ,423  and -0.460) in E2  and pooled 

analysis, 1000-grain  weight also had significant negative 

correlation with  number of grains per spike (-0.356) . 

LAI-I had highly significant positive correlations 

with LAI-II (0.938, 0.961 and 0.958) in E. E2  and pooled 

analysis, respectively LAI-I exhibited significant positive 

correlation with biological yield in El  (0.369) and highly 

significant positive correlation in pooled analysis (0.384) . 

Only in E2.  this trait was found to have positive and signi-

ficant correlation with grain yield (0.354). 

LAX-II had highly significant positive correlations 

With LAI-I (0,,938, 0.961 and 0.958) in El, E2  and pooled 

analysis, respectively and with biological yield in El  and 

Pooled analysis (0.523 and 0.430) . This trait also had 

Significant positive correlation with grain yield (0.306) in  

E and highlY significant positive in E2  (0.454) 
1 

Correlation coefficients of grain yield with number of 

tillers per plant and number of ears per plant were found 

positive and highly significant in E1  (0.5003 and 0.511) and 



E2  (0.681 and 0.694) and significant positive in pooled 

analysis (0.351 and 0.322) , respectively. This character also 

exhibited highly significant positive correlations with,  

biological yield  in E1  and E2  (0.569 and 00464),  while positive 

but significant with harvest index (0.308) in pooled analysis a 

Biological yield in El  had positive and highly signi-

ficant correlations with number of tillers per plant, number 

of ears per plant, number of grains per spike. LAI-II and 

grain Yield (0.600, 0.628• 0.5669, 0.523 and 0.569, respect-

ively) and had significant positive correlation with LAI-I 

(0.369) . In E2 , biological yield had significant positive 

correlations with number of tillers per plant and grain yield 

(0.385 and 0.464
) • in pooled analysis, this character was 

found to have positive and highly significant correlations 

with LAI-I  and LAI-II (0.384  and 0.430) , while positive and 

significant with number of grains per spike (0.359). 

Harvest index ethibted no significant correlation 

coefficient with any Of the traits in El  and E2 . However, 

underA ooled analysis, it was found to have highly significant 

positive correlations with number of tillers per Plant and 

number of ears per plant (0.407 and 0.562) and only significant 

but positive with grain yield (0.308) . 

4.3 path Coefficient Anal sis 

in the present study,  grain yield, biological yield 

and harvest index were considered as dependent variables, 
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4.3.1 Grain yield as dependent variable 

4.301.1 Environment E1 

Direct and indirect- effects of different yield contri-

buting characters on grain yield at genotypic level have been 

presented in Table 12 

(i) Direct effects s - Number of tillers per plant had 

the highest positive direct effect (107559) on grain yield, 

followed by LAI-.II (1.1009) , biological yield (0.6746) , number 

of spikelets per spike (0.3602) , harvest index (0.3372) , days 

to maturity (0.2698) and plant height (0.1865). Highest nega- 

tive direct effect on grain yield was observed for number of 

ears per plant (.4.4195). followed by LAI-I (-0.9918) , days 

to 50% flowering (..0 0 5038)o number of grains per spike (-.0.4277), 

1 D I (-0.4193) . ear length (-0.2503) and 1000-grain weight 

(-'0.1567). 

(i~,) Indirect Off-218 c„ 	s - Days to 50% flowering had 

Positive indirect effects on grain yield via 0 D° (0.3331) , 

days to maturity (0.1806) and number of tillers per plant 

(0 01317) , while negative indirect effect was observed via 

number of ears per plant (0.1362). 

Days to maturity had positive indirect effects via 

number of tillers per plant (0.4443) , LAI-II (0.1417) , biolo® 

gical yield per plant (0.1365) and number of spikelets per 

spike (0,1232) # while negative indirect effects were observed 



0:ble 12 	Pat- Dr l.SSS S33.IiDg Siroct (u:1jno3) D:4 irrSjr3c D2.rr S of yiel.i o tributint chD 1DCIDr5 tou:rj: 
YrD1S 	- -i1c iortiuitv) 

to 434S tJ 	 P1:nt 	to. 	13. 02 ir: 	ND. 02 	 1440- 0_\LiL  
2.33:: 4.75 4.1317 -3.L3 -0.4317 3.4573 -:.:16 2 -5.7145  

2 -.53 .•253-. ;72 .444 _..3;5; -0.4376 2.1231 -;.:i -:473. :.:-3 3 
3 3.397 -2.3761 -2.143 -4.156 4.1023  0.2325 3.4427 -3.73: -C.053 -0.0151 0.3317 0.19,5 -4.4135 
4 -:.:3 -•.213 1.4351 :.1sa5 t.:5--  -0.7.343 -0.1375 3.3573  
4 -.2753.3533 -2.4155 3.33-3 4.7453 -1.4242 17 -4.2771 -0.05i U175 -0.3310 4.412; 0.;24 2.273 
6 --2.7133 2.4542 -4.0272 2.3132 1.7553 -1.1333 4.2230 -3.2562 -0.2443 0.0270 -0.3135 3.4146 0.4459 0.3430 
7 -0.0743 C .0032 0.0544 3.0732 -0.13323.34-5 -0.2333 3.1113 -0.05:? -0.0064 0.1044 -2.0000 0.0535 -0. C416 
3 -4.0345 0.923 -0.3145 0.2300 -2.3740 0.2207 -0.0772 3.3:02-3.2314 0.0412 -0.0445 0.0433 0.1022 -3.0333 
9 -0.3o37 0.335: -0.2335 0.0313 3.2054 -3.2142 -4.2304 0.1625 -3.4277 0.0505 -0.1055 0.3324 0.396/ 0.0204 

13 0.2225 -O.0337 -3.1392 3.3157 -0.1954 0.2447 -0.0113 -0.3953 0.13:9-3.4547-3.37500.2175 0.0512 0.3535 
11 -:.:223 0.319) -0.0063 0.0219 0.5330 -2.4436 0.0230 0.0315 _Q.3457 -0.0042 -0.913 1.0438 0.2721 -0.3321 
12 -.t223 3.0347 _3 • 3313 0.0333 3.6436 -3.5343 0.0132 0.3144 -0.1223 0.0023 -0.5403 L.072 0.3340 -0.0135 
14 3.C433 0.0540 -0.1161 0.0055 1.775 -0.5105 -0.0217 0.0546 -0.2315 -0.0026 -0.4001 0.5265 3.6746-3.4375 

-0.0045 0.0542 1.0134 0.3010 -0.2-126 0.0303 -3.0355 -0.0361 -0.0277 0 	32 5 .0 .O4-_0.374l 0.3372 

RosiSuol :fEect,-O.0912 
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via number of ears per plant (-0.3484) and days to 50% flower- 

ing (-0.3372) 

° D' had positive indirect effects via days to 50% 

flowering, number of tillers per plant and biological yield 

per plant (0,3977, .0.1903 and 0.1868) , respectively. This 

trait had negligible, negative indirect effects on grain yield 

via several other traits. 

Plant height had positive indirect effects via biolo-

gical yield (0.2011).  LAI-II (0.1948) and number of tillers 

per plant (o.1507) , while negative via number of, grains per 

Spike (-0.1181) , LAX-I (-0.1167) and ear length (-0.1005) 

Number of tillers per plant had positive indirect 

effects via biological yield (0.4524) and flAI-II (0.4129) , 

while negative  via number of ears per plant (-1.4249) and 

LAI-I (.003010) . 

Number of ears  per plant had positive indirect effects 

via number of tillers per plant (1.7650) , biological yield 

(0.4469) and LAI-II (0.4148) • while ' negligible negative 

indirect effects were observed via several characters. 

Far length had positive indirect effects via number 

of ears per plant (0.1645) . number of, spikelets per spike 

(0.1140) and LAI-I (0.1061) but negative via number of 

tillers per plant (.0.1032), 



Number of spikelets per spike had positive indirect 

effects via number of ears per plant (0x2207) and biological 

yield (0.1022) , while negative via number of tillers per plant 

(-0.3758) and number of grains per spike (.0,*  2014) . 

Number of grains per spike had positive indirect 

ef fects via biological yield (0.3967) , LAI-II (0.3329) , number 

of tillers per plant (0.2064) and number of spikelets per 

spike (0.1696) , while negative via number of ears per plant 

(-002142) and LAI-I (-0.1059) . 

1000-grain weight had positive indirect effects via 

number of ears per plant (0.2447) , days to 50% flowering 

(0 .2226) and number of grains per spike (0.1869) , while 

negative via number of tillers per plant (-0.1966) and 'DO 

(-0.1442). 

LAI-I had positive indirect  effects via LAI-II (1.0438) , 

number of tillers per plant (0.5330) and biological yield 

(0.2721) but negative via number of ears per plant (-0.4488) . 

LAX-II  had positive indirect effects via number of 

tillers per plant (0.6586) and biological yield (0.3840) 

while negative via LAX-'I (0.9403). number of ears per plant 

(-0.5349) and number of grains per spike (-0.1293) 

Biological yield had positive indirect effects via 

number of tillers per plant (1.1773) and LAI-11 (0.6266) e  

while negative via number of ears per plant (-0.9405), 
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LAI-I (.-Q,4001), number of grains per spike (-.0.2515) and 

°D° (-0.1161) 

Harvest index had positive indirect effects via number 

of tillers per plant (0 3010) and negative via number of ears 

per plant (-0.2526) 

4 3.10'2 Environment  E2  (Table 13) 

(i) Direct effects g- Number of grains per spike had 

the highest, positive direct effect (0.7508) on grain yield,-

followed by  1000-grain weight (0.6556). number of ears per 

Plant (0 5447) , LAX-I (0.3317) , number of tillers per plant 

(0.2980) . days  to  50% flowering (0.1164) , plant height (0.0 602) , 

number of spikelets per spike (0o547), ear length (0.0432) 

and $ o' (0.0430). The  highest negative direct effect on grain 

Yield was observed for LAI-II ('-0.3497), followed by days to 

maturity  (-0.2501) , biological yield  (,-002310) and harvest 

index (-.o.0595). 

(ii) Indirect effects $- Positive indirect effects of 

days to 50% flowering on grain yield via other traits were 

negligible. This trait had negative indirect effect on grain 

yield via 1004-grain weight (-.0.2777). 

Days to maturity had positive indirect effect via 

number of ears per plant (0.1878) , while negative via other 

traits were negligible. 
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°D ° had positive indirect effect via 1000-grain 

weight* Indirect effects of the remaining traits, however, 

were negligible. 

Plant height had positive indirect effect on grain 

yield via number of grains per spike (0.2371) . The remaining 
were 

indirect effects/of negligible magnitudes. 

Number of tillers per plant had positive indirect 

effects via number of ears per plant (0.5398) and 1000-grain 

weight (0.2094) . while negative via biological yield (-0.1755) 

and LAI--II (-0.1095) . 

Number of ears per plant had positive indirect effects 

via number of tillers per plant (0.2954) and 1000-grain 

weight, while negative via biological yield (-0.1616) and 

LAI -I I (-0.1067). 

Ear length had positive indirect effects via number 

of grains per spike (0.3907) and number of ears per plant 

(0.1742). , while negative via biological yield (-0.1333) . 

Number of spikelets per spike had positive indirect 

effect via number of grains per spike, while negative via 

1000-grain weight (_0.31 54 ). 

Number of grains per spike had positive indirect 

effect via LAX-I (0.1303) • while negative via 1000-grain 

weight (-0.2923) , LAI-II (-0.1699) and biological yield 

(-0.1083) . 
-I 
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1000-grain weight had positive indirect effect via 

number of ears per plant (0.1262) , while negative via number 

of grains per spike (-0.3347) o 

LAI-I had positive indirect effects via number of 

grains per spike (0.2952) and number of ears per plant 

(0.1161). while negative via LAX-II (-0.3403) . 

LAI -I I had positive indirect effects via number of 

grains per spike (0.3648) , LAI-I (0.3227) and number of ears 

per plant (0.1662) . The indirect effects of other traits were 

of negligible importance o 

Biological yield had positive indirect effects via 

number of ears per plant (0.3810) , number of grains per spike 

(0.3520) , number of tillers per plant (0.2268) , 1000-grain 

weight (0.2084) and LAI-I (0.1083) , while negative via LAI-II 

(-0.1463) . 

Harvest index had Positive indirect effect via number 

of ears per plant (0.1623) . Indirect effects of other traits 

were of negligible importance. 

4,3.1.3 Pooled Analysis (Table 14) 

(i) Direct effects 1- LAI-II had highest positive 

direct effect (47.7995) on grain yield, followed by days to 

maturity (25.7358) , ear length  (15.8368) , number of ears per 

plant (12.1095). plant height  (4.4454) , harvest index (2,9287) 
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1 	-3.532 21.1523 25.1643 01326 -7.2113 72 15.77:2 -2.7131 2.147: 2.9253 -0.3933 

	

2 	-53.'.333 25.7351 22.2537 -0.2331 7,351 	2.2205 	 7. 	-5 2.1:53 7.2443 -l.555 -:.4237 9.6732 -0.0652 

3. 50.1353-23.3733-24.5363 -0.5312 1.1153 -3.5573 -1.1722 7.1224 3.5222-1:.3154 1.2234 -1.2:72 -2.9153 0.5942 

4. -2.7.03 -1.9375 2.3331 1.'.lS- -1.)a; 	.1351 3.4659 5.765 -3.33 -.5183 -2.'C24 3.2575 -4.'153 0.2377 

5. -2.7915 -1.6129 3.9309 7.7193 -5.5150 10.39;; -2.3:71 -2.473 1.33:5 _5.1535 -3.179; 15.3535 -5.2767 1.2253 

	

5. 	-5.6716 -3.8936 	5.4054 0.8034 -5.4463 12.1Q5 -3.5909 -5.1465 -0.3653 _37931 -6.e341 15.464-5.5O15 2.1556 

	

7. 	-5.9473 1.8305 1.8236 1.5343 1.4871 -2.7157 15.8361 0.4310 -9.3250 -1 .0-1-3 4.3617 -1.7116 -2.7522 -2.1265 

5. -11.1394 10.3766 -2.7551 1.0'.43 1.3573 -1.5050 3.3731 1.1752-19.353a 12.5342 -1.2226 5.6125 -2.6706 0.8107 

9. -6.8334 -2.5874 4.4806 1.7157 0.4326 0.3271 	6.2333 1.1175 20.fl23 	7.7283-13.2553 27 .346-5.1727 2.4935 

10. 42.0525-12.1180-17.8738 0.2258 -2.1006 2.7211 2.3973 -.793 3.5533-16.3004 2.3035 -4.Oab3 -2.4:3: 0.7769 

11. -5.0353 1.7729 1.1710 5.4691 -2.k174 4.5691 -2.8948 0.3561-11.3252 1.3225-25.635!. 45.0217 -9.6735 0,341 3 

12. -2.8120 -0.1657 3.0150 3.5513 -2.1612 1.2724 -2.2247 0.1530-13.3016 1.4232-24.3425 4.7235 -9.4901 C.C335 

14. 15.142712.1289-1.3165 2.5395 -2.9316 5.7890 3.6522 0.288a-1.579 -2.5353-13.9535 33.7:24-11.7175 0.7803 

15. 8.4033 -0.7572 -4.5952 0.3502 -42528 8.3923 -5.6339 0.3261-3.5721 -4.1532 -2.9316 4.7356 -3.1102 2.9237 

3e5ju1l effect 	6.8149 



and number of spikelets per spike (1.1782) . Highest negative 

direct effect was observed for days to 50% flowering (-63.1832) 

followed by LAI-I (-25.6351) , 'D° (-24.5362) , number of grains 

per spike (-20.9323) , 1000-grain weight (-1609004) , biological 

yield (-11.7175) and number of tillers. per plant (-6.5100) , 

(ii) Indirect effects s- 	Days to 50% flowering had 

Positive indirect effects on grain yield via days to maturity 

(25.8523) , °D° (23.5943). 1000-grain weight (10.7243) , LAI-II 

( 2  a 1274) , biological yield (2.8083). ear length (1.4907) 

Ammer of ears per plant (1.0870) , number of spikelets per 

Spike (0.2088) and plant height (0 a 1928) , while negative via 

number of grains per spike (-2.2672) , LAI-I (-2.0431). harvest 

index (-0.3895) and number of  tillers per plant (-.0.2883). 

Days to maturity had positive indirect effects via •j 

(22.2437), , 1pQ0--grain weight (7.9609) , biological yield 

(567O2), number of grains per spike (2.1053) , ear length 

(1.1207) , number of spikelets per spike (0.4748) and number 

of tillers per plant (0.4081) , while negative via days to 

50% flowering ('-63.4938)' LAI-I (-1.7666) , number of ears 

per plant (-0.4206) . plant height (-0.3331) and LAI-II 

(-0.3097) . 

•D ° had positive indirect effects via days to 50% 

flowering (60.4953) , number of grains per spike (3.8222) , 

LAI-I (1.2234). number of tillers - per plant (1.0163) , harvest 

index (0.5843) and number of spikelets per spike (O1324), 



67 

while negative via days to maturity (-23.3703), 1000-grain 

weight (-12.3104), number of ears per plant (-2.6675), LAI-II 

(-1.9772), biological yield (-1.9153), ear length (-1.1782) 

and plant height (-0.5350). 

ilant height had positive indirect effects via LAI-Il 

(9.2676), ear length (5.4658), 'I)' (2.9531), number of ears 

per plant (2.1884), number of spikelets per spike (0.2768) 

and harvest index (0.2377), while negative via number of 

grains per spike (-8.0786),  biological yield (-6.7463), days 

to 50% flowering (-2.7403),  LtiI-I (-2.7049). days to maturity 

(-1.9375), number of ears per plant (-1.0489) and 1000-grain 

weight (-0.8583). 

Number of tillers per plant had positive indirect 

effects via LAI-II (15.8685), number of ears per plant 

(11.9920), 'D' (3.8309), harvest index (1.9258), number of 

grains per spike (1.3916) and plant height (0.7163) , while 

negative via LAI-I (-9.4799),  1000-grain weight (-5.4638), 

biological yield (-5.2667),  ear length (-3.6176), days to 

50% flowering (-2.7985). days to maturity (-1.6128) and number 

of spikelets per spike (-0.2745). 

Number of ears per plant had positive indirect effects 

via LAI-II (16.8542). 'J' (5.4054), harvest index (2.1506) 

and plant height (0.8034), while negative via LAI-I (-9.8841), 

number of tillers per plant (-6.4469), days to 50% flowering 

(-5.6716), biological yield (-5.6016), 1000-grain weight 



(-'3.7984), ear length ('=3.5908),  days to maturity (-0.8936),  

number of grains per spike (-'0.5655) and number of spikelets 

per spike (-'0.1465) o 

Ear length had positive indirect effects via LAI-i 

(403617) , days to maturity (183O5), °D' 	(108256) , plant 

height (15343). number of tillers per plant (104871) and 

number of spikelets per spike (0 04010, while negative via 

number of grains per spike (-8.3260), LAI-II (-6,7148) o  days 

to 50% flowering (-509473) , number of ears per plant (-2.7457), 

biological yield (-2.7022) # 1000-grain weight (-1.0643) and 

harvest index (-001265) o 

Number of spikelets per spike had positive indirect 

effects via 1000-grain weight (12 s 5942) , days to maturity 

(1003766) , LAI-II (6.6125) , ear length (503901) , number of 

tillers per plant (1.3679) • plant height (1°0443) and harvest 

in 	(0.8107) . while negative via number of grains per. spike 

"9.8535), days to 50% flowering (.41.1994), °D° (-27566), 

biological .yield (-2  0 
6706) o number of ears per plant (-1, 5060) 

and LAI-I (.1.2206). 

Number of grains per spike had positive indirect effects 

via LAI-II (30 0 374 6) 0  1000 -grain weight (7o7263) 0  ear length 

(6,2992) , days to maturity (44806), plant height (1 07157) , 

number of spikelets per spike (1 a  1175) , number of tillers per 

plant (0 ® 4328) , harvest index (0.4995) and number of ears per 

plant (0.3271), while negative via LAI-I (-1309565) , biological 



yield (-8.1727) , days to 50% flowering (-6.8434) and days 

to maturity (-2.5874) o 

1000-grain weight had positive indirect effects via 

days to 50% f lowering (40.0935) , number of grains per spike 

(9.5695) , number of ears per plant (2.7214) , LAI-I (2.3095) , 

ear length (0.9973) , harvest index (0.7769) and plant height 

(0.2258) , while negative via 'D' (-17.8738) , days to maturity 

(-.12.118o), LAI-I= (4.0425). biological yield (-2.4481) , 

number of  tillers per plant (-2.1046) and number of spikelets 

per spike (-0.8780). 

LAI-I had positive indirect effects via LAI-II (46.5417) , 

number of ears per plant (4.6691) , days to maturity (1.7729) , 

1000-grain weight (1.5226) • 'D' (1.174Q, plant height (0.4691) 

and harvest index (0.3518) • while negative via number of 

grains per spike (_11.3762). biological yield (-8.6798) , days 

to 50% flowering (_5.0358), ear length (-2.6946) and number 

of tillers per plant (..2.4094). 

LAI-II had positive indirect effects via number of ears 

per plant (4.2724) . 1000-grain weight (1.4293) , •D' (1 .0150) , 

plant height (0.8019) and number of spikelets per spike 

(0.1630) , while negative via LAI-I (-24.9605) , number of grains 

per spike (-13.3016) , biological yield (-9.4901) , days to 50% 

flowering (.2.8102), ear length (-2.2247) , number of tillers 

per plant (-2 .1612) and days to maturity (-0.1667) . 
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Biological yield had positive indirect effects via 

LAI-II (38.7134). days to maturity (12.4489) , number of ears 

per plant (5.7890). ear length (3.6522) , plant height 

(2.5591) , harvest index (0.7849) and number of spikelets per 

spike (0.2685) , while negative via LAI-I (-18.9825) , number 

of grains per spike (-14.5998), 1000-graain weight (-3.5309) , 

number of tillers per plant (-2,9316),'D' (-1.9168) . 

Harvest index had positive indirect effects - via number 

of ears per plant (8.8923) . days to 50% flowering (8.4033), 

LAT_II (4.7896) . plant height (0.3608) and number of spikelets 

Per spike (0.3261). while negative via 'D' (-4,8952), 1000-

grain weight (...4.4832). number of tillers per plant (-4.2808) , 

number of grains per spike (-3.5701;. biological yield 

(-3.1402) , LAI-I (-2.9716) and ear length (-0.6838) . 

4.3.2 
id as dependent variable cal   y1 e 	 -------o--.--- 

4.3.2.1 Environment El (Table 15) 

(i) Direct effects a - Number of grains per spike had 

the highest positive direct effect on biological yield-

(0.6822) , followed by number of tillers per plant (0.59 35) 

1000--grain weight (0.5451)  . LAI-II (0.4591). number of ears 

per plant 0.2932). number of spikelets per spike (0.1511) , 

days to maturitY (0.0765) and plant height (0.0713) . Highest 

negative direct effect was observed for harvest index (-0.3591) s 

LAI-I (-0.3245) , grain yield per plant (-0.2446) , days to 50% 

flowering (-0.2150) • ' D' (-0.1908) and ear length (-0.0744) 
followed. 



1 	Pits 4317Si5 	 0L:ct 	34rLLo5) 	v4 -.3.rct •Ecs 	7i415 Cont:!.2Lz:ir 	. 	 t3ar9s 
yil.S per p1rit 	- Hir. 1.2rtilitv) 

.; - o- J4V3 	J414 	 3_ - t 	13.: 	4. 	 237: 	40. o2  

	

t1112r 	4S 	.•40_02:-1- 
I 	 ) 	 / 	 :--7-1 	

13 'I 	10 

	

1 	-3.2130 2.4o12 .2126 2.:3 :..2 .5'.'0 .2234 ..0  3-0.223-4.25: 0.CL3.C36-O.c034 

	

2 	-0.1439 7.753 	.3154 -0.):5 :.1332 0.3720 -3.2224 0.0517 0._40 -0.153: -.'43 2.2591 -0.2723 2.0485 

	

3 	0.1697 -2.3074 -0.L03 -0.2037 3.3513  0.0290 4.357 0.0060 	.0251 0.1374 -0.4033 0.2352 -0.159-; 0.0445 

	

4 	-0.0001 0.3030 0.0140 	2.0713 	.3509 7.0173 -c .::9 3.0343 	0 .1555 -0.043) -0.0382 0.2812 -0.0939 -0.2256 

	

5 	-0.0161 7.0194 -0.0707 2.0031 2.5935 0.2917 0.0340 -0.3333 .3.0932 -3.351.2 -5.0985 3.1722 -0.2236 -0.416 

	

3 	-0.0206 0.2155 -0.0124 0.0013 0.5965 0.2932 0.0234 -0.0235 0.1025 -0.0940 -0.1025 0.1730 -0.2150 -0.0533 

	

7 	-0.0300 0.0023 0.0248 0.0286 -0.0349 -0.0240 -1.244 0.0023 0.0523 3.3221 C.034 	-0.0331 0.0056 0.0443 

	

3 	-0.0404 0.0252 -0.0275 C .0115 -0.1273-0.0155 -2.0235 0.1511 0.3212 -0.1457-0.0015 3.0133 -0.0211 0.0350 

	

9 	-0.0250 3.0158 -0.4014 2.0150 3.5393 0.0442 2.0050 0.2711 	3.6522 -0.2352 -C.0346 0.1338 _3i549  -0.0303 

	

10 	0.0950 -0.4237 -0.3656 0.3394 -0.0654 -0.0303 -3.3031 _3.3442  -0.2961  0.3052 -2.53 -0.2373 -0.0024 -0.3335 

	

11 	-0.00.11 0.0057 -0.0331 0.0344 0.1501 0.0927 0.2033 0.0007 0.0723 0.0115 -3.3245 0.1350 -0.0376 0.0143 

	

12 	-0.0009 0.0099 -0.0109 0.0126 0.2226 0.1105 0.0051 0.0061 0.2063 -0.0032 -5.3076 C.392 -0.1446 0.1143 

	

13 	0.0014 0.0223 -0.0433 0.0273 0.5036 0.2613 .3.0317 0.0130 0.4204 0.0754 -0.1294 0.2711 -0.2046 -0.0952 

	

15 	-0.0020 -0.0103 0.0247 0.0053 0.1017 0.0523 0.00)2 -0.0119 0.0578 0.13954 0.0119 -0.0135 -0.0646 -0.3595 

0est3u1 420412 	3.0331 
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(ii) Indirect effects s- Days to 50% flowering had 

positive indirect effect on biological yield via 'D° (0.1506) o  

while negative via 1000-grain weight (-0.2409.) 

Days to maturity had positive indirect effects via 

number of tillers per plant (0.1502) and number of grains per 

spike (0.1406) a while negative via 1000-grain weight (-0.1691) 

and days to 50% f lowering (-00 1439) 

'D ° had positive indirect effects via 1000-grain 

weight (0 01874) and days to 50% f lowering (0.1697) o Remaining 

traits had indirect effects of negligible magnitudes o 

Plant height had positive indirect effect via number 

of grains per spike (0.1406). Indirect effects of other 

characters were smaller in magnitude and thus of little 

importance* 

Number of tillers per plant had positive indirect 

effects via number of ears per plant (0.2947) and LAI-II 

(0.1722). while negative via grain yield (-0.2096) 

Number of ears per plant had positive indirect effects 

via number of tillers per plant (0.5965) , LAI-II (0.1730) and 

number of grains per spike (0°1029) , while negative via grain 

yield per plant (-0.2180) and LAI-I (-0.1026) . 

All the indirect effects of ear length of either sign 

were very small in magnitude* 
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Number of spikelets per spike had positive indirect 

effect via number of grains per spike (0.3212) , while 

negative via 1000-grain weight (-.0.1457) and number of 

tillers per plant (-001270) 

Number of grains per spike had positive indirect effect 

via LAI-II (o1388), while negative via 1000-grain weight 

(-0.2382) and grain yield per plant (-0.1149) o 

1000--grain weight had negative indirect effect via 

number of grains per spike. Remaining indirect effects were. 

of little importance because of having smaller magnitudes. 

LAI-I had positive indirect effects via LAI-II (0,4352) 

and number of tillers per plant (0.1801). Indirect effects of 

other traits were negligible . 

ijI
_z= had positive indirect effects via number of 

tillers per plant (0.2226). number of grains per spike (0.20 63) 

and number of tillers per plant .(0 a 1105) , while negative via 

LAI-I (--0.3 075) and grain yield per plant° 

Gran yield per plant had positive indirect  effects 

via number of tillers per plant (0 4 5086) , number of grains 

per spike (0.3204) • LAI-II (0.2714) and number of ears per 

plant (09 2613) • while negative via LAI-I (-0.1294). 

Harvest index had ipositive indirect effect via number 

of tillers per plant (O.1017. Indirect effects of other 
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traits were of no importance because of much lower magnitudes'° 

4 3 2.2 Environment E2 	(Table 1.6) 

(1) Direct effects s- Number of tillers per plant had 

the highest positive direct effect (4 5209) on biological 

yield, followed by number of grains per spike (2.4373) , 1000-

grain weight. (149332) • LAI-I (1,,4586) , number of spikelets 

PG r spike (0.3869) , plant height (0.3204) and ear length 

(0.2597) . The  highe$t negative direct effect was observed 

for grainY ield per plant (-3 a 1574) , LAI-II (-1.5569) , days 

to maturity (-0.6138) • number of ears per plant ("0,5774), 

'D' (-0.2268) • harVest index (-0.1476) and days to 50% flow- 

ering (-o 0 0344 )" 

(j,i) Indir®ct effects s -- Days to 50% f lowering had 

positive indi1ect effects 
on biological yield via grain 

yield per plant (0.7007) • number of grains per spike (Oa 2076) , 

$ D O (0.1714) and LA, 11 (0.1282) , while negative via 1000- 

grain weight and days to maturity (-0.4006) . 

Days to maturity had positive indirect effect via  

number of tillers per plant (1.4935) , while negative via 

number of ears per plant (-0.5437) , 1000-grain wei ght 

(-0.2448) and LAX-I '(-0,1418) . 

'po had positive indirect effects via number of 

tillers per plant (0.9438) and  1000-grain weight, while 

negative via grain yield per plant (-0.8708) , number of ears 
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per plant (-0.2520) and number of grains per spike (-0.2504). 

Plant height had positive indirect effects via number 

of grains per spike (0.7693) , number of tillers per plant 

(0.4523) , number of ears per plant (0.2181) and LAI-I (0.1201) , 

while negative via grain yield per plant (-1.0057) and LAI-II 

(-0.2337), 

Number of tillers per plant had positive indirect 

effects via  1000-grain weight (0.6176) and LAI-I (0.3321) , 

while negative via number of ears per plant (-1.5632), LAI-I I 

(-0 .4879) and days to maturity (-0.2028) 

Number of ears per plant had positive indirect effects 

via nuTer of 
 tillers per plant (4.4801) , 1000-grain weight 

(0.4479) , LAI-I (0.3110) and number of grains per spike 

(0.1994) , while negative via grain yield per plant (-2.4504). 

LAI-11 (-0.4750) and dayS to maturity (-0.2116) o 

Ear length had positive indirect effect via number of 

grains per spike (1.2684)' number of tillers per plant (0.2720) s  

1000-grain weight (0.1607) and number of spikelets per spike 

(0.1519) , while negative via grain yie],d per plant (-1.7095) , 
and 

number of ears per plant (-0 a 5045) ; LAI-I (-"0.2463),j days to 

maturity (-0.1727) . 

Number of spikelets per spike had positive indirect 

effects via number of grains per spike (1.7450) . number of 

ears per spike (0.2872) • LAI-I (0.1080) and ear length (0.1020). 
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while negative via 1000-grain weight (-0.9302). LAI-II 

(-0.2304) , grain yield per plant (-0.1274) and number of 

tillers per plant (-.0.1059). 

Number of grains per spike had positive indirect 

effects via LAI-I (0.5732). number of spikelets per spike 

(0.2770) a ear length (0.1352) and plant. height (0.1011) , 

while negative via grain yield per plant (-1.4166). LAI-II 

(-0.7565), 1000-grain .Weight  

per plant (-0.1291) •  

(.0 0 6618) and number of ears 

1000-grain weight had positive indirect effects via 

grain yield per 
plant (4.3656). number of tillers per plant 

(0.4442) , while negative via number of grains per spike 

(-1.0865), number of tillers per plant ("0.3655), number of 

spikelets per spike (-0.1861) and 'D' (-0.1089) . 

LAI-I-  had positive indirect effects via number of 

tillers per plant (1.0293)  and number of grains per spike 

(0.9578) , while negative via LAI-II (-1.5148) , grain yield 

per plant (-1.3098) and number of ears per plant (-0.3364) . 

LA;-'II had ppsitive indirect effects via LAI-I (1.4191). 

number of tillers per plant (1.4168) and number of grains per 

spike (1,1843) . while negative via grain yield per plant 

(-1.7074) and number of ears per plant (-0.4813) . 

Grain yield per plant had positive indirect effects 

via number of tillers per plant (3.4738) , 1000-grain weight 
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(0 08361) , LAI-I (0.6051). ear length (0..1406) and plant 

height (0.1020). while negative via ,LAI-II (-Oo8420) , number 

of ears per plant (-0.2242),• 

Harvest index had positive indirect effects via number 

of tillers per plant (1.1918). number of grains per spike 

(0 .2665) and 1000-grain weight (0.2248). while negative via 

grain yield per plant (-1.1149) and number of ears per plant 

(-.0 .4700). 

Pooled a 1vsi8 (Table 17) 

(i) Direct effects :- j-.] had had the highest positive 

direct 
effect   

(1.6195) on biological yield, followed by number 

of tillersP er plant (0.8509). days to maturity (0.6220) . 

ear len th (0.5739) •. plant height (0 0 2421) , harvest index 
g  

(0.1834) and grain yield per plant (0.0452). The highest 

negative direct effect was observed for days to , maturity 

(-1.9946) , 'D' (..0.8690). 	
I-I (-0.7199) , l000-grain weight 

('.o.4969), number of - grains per spike , (-0.2492) . number of 

spikelets per spike (0.1044). number of ears per , plant 

(-006252). 

(ii) 
Indirect ff acts s - Days to 50% f lowering had 

positive indirect effects on biological yield via •o (0.8320) . 

days to maturitY (0.6251) and 1000-grain, weight (0.3153). 

indirect effects of other traits were negligible 
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Table 17 	path at31jsis showing Sirect (uc2erline3) ant inSSzect effects of yield coeczLbctieg char) 	 13013- 
v 1.12 cer dent20194 analysis) 

I 	-4.36 4.251 3,3301 .3135 4.3237 	1-12 	0.3545 	-0.2139 	-0.0270 0.2153 	-.3171 4.3754 

-2.33,4 C.5220 0.7576 	-0.0441 	-0533 4.23.17 	3.054, 	-0.3321 	0.3255 5.2311 	-c.044 	-0.2.21 -3.311 

. _r,5'17 '791 _4 .3303 	3.1377 	-3.113 	-G .0117 	0.0455 0.341 	2.3344 	-4.5474 .2374 1 .5255 

-1.1215 	-3.052-3.3252-1.2753 1.311: 2.3032 

5 	-1.1503 -1.2390 0.1337 0.2250 4.250? 	-0.6132 	-0131L 	0.4213 	0.0135 -0.13.20 	-0.2553 3.3375 0.0323 t.035 

6 	-C.1?3 -3.3213 0.1915 5.3433 3.3127 	-C.5s52 	-3.1721 	0.0130 	-0.0047 -3.1117-3.2714 0.2:. 5.4332 2.1347 

7 	-: .1377 0.0440 0.0307 0.2323 -3.1344 	0.1412 	0.5735 	-0.0355 	-0.2331 -0.0313 	0.125 	-0.2272 -2.2153 -0.3075 

3 	-5.3535 2.2547 -0.0573 0.0247 -0.3735 	5.0772 	3.1903 	-0.1044 	-0.2364 0.3703 	-2.3343 3.o2   .3.5373 3.2535 

0.0332 0.2253 	-0.3390 	-0.2192 -0.0056 -0.0169 0.3272 	-0.3313 5.0221 0.0213 0.0313 
9 	-0.2340 -0.0326 0.1567 

10 	1.2357 -0.2333 -0.5330 3.0123 0.2701 	-0.1405 	0.0361 	55775 	0.1139 -0.4959 	0.0549 -0.1370 0.0149 0.0337 

11 	-7.1530 3.3123 3.3115 0.0255 0.3147 	-0.2311 	-3.3573 	-0.3030 	-0.1357 0.0440 	-2.7133 1.5743 0.3355 4.0214 

12 	-2.0233 -0.0040 0.0255 0.0043 0.2825 	-5.2200 	-0.4305 	-0.0544 	-0.1534 0.3423 	-3.7010 1.6193 0.0325 3.0134 

13 	0.3700 3.4357 0.1-163 5.1752 0.5112 	-0.4339 	-0.2130 	-0.0145 	-3.1199 -0.1333 	-0.3036 1.1321 3,3552 0.1643 

15 	0.2553 -0.0153 -0.1734 3.0197 3.5535 	-0.4591 	-0.0248 	-0.0239 	-5.7425 -0.1313 -0.0340 0.1623 3,5405 1,1234 

Resilu,1 ellect 	-0.0263 



Days to maturity had positive indirect effects via °D 

(0.7878) and 1000-grain weight (0.2341). while - negative via 

days to 50% f lowering - (-2.0044) . 

$ D' had positive indirect effects via days to 50% flo-

wering (1.9097) and .number of ears per plant (0.1377) , while 

negative via days to  maturity (-0.5638) 0 1000-grain weight 

(-0.3619) and number of tillers per plant. 

Plant height had positive indirect effects via LAI-II 

(0.3140) , ear  length (0.1981). number of tillers per plant 

(0 x 1371) and °D0  (0.1046)  • while negative via number of ears 

per Plant, 

number of ti liars , per plant had positive indirect 

effects via LAI-11 (0 .5376)  •  D' (0.1357) and harvest index 

(0.1206) , while negative via number of ears per plant (-0.6192) 

LAI-I( 0  .. _, 2 662) , 1000 
-grain weight ("o .1606)  and ear length 

(-0.1311) . 

Number of ears per plant had positive indirect effects 

via number of tillers per plant (0.8427) , LAI-II (0.5714) , 

° 
D° (0.1915) and .harvest index (0.1347) . while negative via 

LAIti (-0.2776) • days tO  50% flowering (-0.1790) , ear length 

(-0.1301) and 1000-grain weight (-0.1117) . 

Ear length had positive indirect effects via number 

of ears per plant (0.1418) and LAI-I (0.1225) , while negative 

via LAI.-II (-0.2275) , number of tillers per plant (-o1944) 



and days to 50 /̀o flowering (-0.1877) o 

Number of spikelets per spike had positive indirect 

effects via 1000-grain weight (0.3703). days to maturity 

(0.2507) , LAI-II (0.2240) and ear length (0 01953) . while 

negative via days to 50% flowering (-0.3535) , number of grains 

per spike (.0,,2304)  and number of tillers per plant (-0.1788) o 

Number of grains per spike had positive indirect effects 

via LAI_II (1.0291).  ear length (0.2283) , 1000-grain weight 

(0 1 2272) and  O D' (0.1587). while negative via LAI-I (-0.3919) 

end days to 50% f lowering (-0.2160) . 

1000-grain Weight had positive indirect effects via 

days to 50% 
f lowering (1.2657) , number of tillers per plant 

(0.2751) and number of grains per spike (0.1139). while 

negative via °D°  (-0.6930) . days to maturity (-0.2930) , number 

of tillers per plant (-0.
1405) and LAI-II (-0.1370) . 

LAI-I had positive indirect effects via LAI-ij 

(1.5768) and number of tillers per plant (0.3147) , while 

negative via number of ears per plant (-0.2411). days to 50% 

flowering (-0.1590) and 
number of grains per spike (-0.1357) . 

LAit' had positive indirect effects via number of 

tillers per plant (0.2825) . while negative via LAI-I (-0.7010) , 

number of ears per plant (-0.2206) and number of spikes per 

plant (-0.1584) . 



Grain yield per plant had positive indirect effects 

via LAI-II (1.1624) , number of tillers per plant (0.6112) , 

days to maturity (0.4357) , days to 50% flowering (003700). 

plant height (0.1768). harvest index (0.1648) and °D° (0.1463).. 

while negative via LAI-I (-0.5006). number of ears per plant 

(-0.4589) , ear length (-0.2064) , 1000-grain weight (-0.1633) 

and number of grains per spike (-0.1199) . 

Harvest index had positive indirect effects via number 

of tillers per plant (0.5595). days to 50% flowering (0.2653) 

and LAI-II (0.162  3) •. while .negative via number of ears per 

Plant (-.0.4591). s  D e  (-0.1734) and 1000-grain weight (-0.1318) . 

4 .3.3 
	 as dependent variable  

None of the yield contributing traits and yieldper-se 

showed significant correlation with harvest index' in El  and 

E2  environments • Therefore, the results of path coefficient 

analyses in El  and E2  for harvest index as dependent variable 

have not been described' However, in pooled analysis, since 

harvest index had shown significant correlations with some 

Of the yield contributing traits, therefore, the results of 

path analysis for harvest index as dependent variable have 

been described (Table 18) • 

(i) Direct effects $ ,- Number of ears per plant had 

the highest positive direct effect on harvest index (59327), 

followed by days to 50% flowering (5.4110) , LAI-I (2,6696), 
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°D' (2.4298) , 1000-grain weight (2.3009) , biological yield 

(2.1512) , number of grains per spike (1.4849) , and number 

of spikelets per spike (0.2764) . Highest negative direct 

effect on harvest index was observed for number of tillers 

per plant (-6.1875). followed by LAI-II (-5.2589) , ear length 

(-1.7866) , days to maturity (-.1.5124). plant height (-0.5917) 

and grain yield (-0.1326) . 

(ii) Indirect effects z- Days to 50% flowering had 

Positive indirect effects on harvest index via number of 

ears per plant. LAI-'I and number of grains per spike (0.1608) , 

while this trait had negative indirect effects on harvest 

index via  'D' (-2.3264)  . days to maturity (-1.5198), 1000- 

grain weight -.1.4600). biological yield (-0.5156), LAI-II 

(-0.2341) and ear length (-0.1682) 

Days to maturity had positive indirect effects via 

days to 50% f lowering (5.4376) , number of tillers per plant 

(0.3879) . LAII (0.1840) and number of spikelets per spike, 

while negative via D o 
(-2.2026), 1000-grain weight (-1.0838) , 

biological yield (-.1.0410). number of ears per plant 

(-0.2061) . number of spikelets per spike (-0.1493) and ear 

length (-0.1264) • 

•D' had positive indirect effects via 1000-grain 

weight (1.6760). days to maturity (1.3710) , number of tillers 

per plant (0.9660) • LAI-II (0.2175) , biological yield 

(0.1680) and ear length (0.1329) , while negative via days to 
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50% flowering (-5.1808). number of ears per plant (-.1.3069). 

number of grains per spike (-0.2711) and LAI-I (-0.1274) . 

Plant height had positive indirect effects via biolo-

gical yield (1.2386). number of ears per plant (1.0721). 

number of grains per spike (0.5731) , LAI-I •(0.2817) , days to 

50% flowering (0.2347) , 1000-grain weight (0.1169) and days 

to maturity (0.1133). while negative via LAI-II (-1.0196) , 

number of tillers per plant (-.0.9969). ear length (-0.6166) 

and ° D 0  (...O.2924). 

Number of tillers per plant had positive indirect effe- 

cts via number of ears per plant (5.8751) , LAI-I (0.9872). 

biological yield (009688) . 1000-grain weight • (0.7439). ear 

length (0.4081) and days to 50% flowering, while negative 

via LAI-II (-.1.7459) and °D' (-0.3793) . 

Number of ears per plant had positive indirect effects 

via  LAI-I (1.0293). biological yield (1.0284). 1000-grain 

weight (0.5171) , days to 50% flowering (0.4851) and ear length 

(0.4051) . while negative via number of tillers per plant 

(-6.1474). LAI-II (' 1̀ .8554)  • ' D' (-0.5352) and plant height 

(...O.1069), 

Ear length had positive indirect effects via number 

of grains per spike (1.4134). LAI-II (0.7388). number of 

grains per spike (0.5906). days to 50% flowering (0.5093) . 
biological yield (0.4961) and 1000.grain weight (0.1449). 



while negative via - number of ears per plant (.-1.3452), 

LAI-I (-.o,4542), plant height ('-0,2040). °D° (-0.1808) and 

days to maturity (-0 o 1070) . 

Number of spikelets per spike had positive indirect 

effects via number of grains per spike (14084), number of 

tillers per plant '(103002) • days to 50% flowering (0.9591) , 

biological yield (0.4903) • ° U°  (0.2730) and LAI-I (0.1271) , 

while negative via 1000-grain weight (4.7146). number of 

ears per plant (..O7378)9 LAI-II (-'0.7275). days to maturity 

('O.6095), ear length (-0.6081) and plant height (-0.1390) . 

Number of grains per spike had positive indirect effects 

Via biological yield (1.5004) , LAI-I (1.4534) a days to 50% 

flowering (0.5861). number of tillers per plant (0.4114). 

number of spikelets per spike (0,2622),q number of ears per 

plant (0.1603) and days to maturity (0.1521). while  negative 

via LAI-II (-.3.3418). 1000-grain weight (-1.0519) o  ear length 

(-0.7107) • ° D• 
 (--0.4437) and plant height (-0.2284) . 

1000-grain weight had positive indirect effects via 

°D° (1-.7699) , number of ears per plant (1.3334) , days to 

maturity (0.7124) • biological yield (0.4494) and LAI-II 

(0.4448), while negative via days to 50% flowering (-.3.4336), 

number of tillers per plant (-2.0004). number of grains per 

spike (.0.6788). LAI-I (-.0.2405). number of spikelets per 

spike (-0.2060) and ear length (-0.1125) . 



LAI-I had positive indirect effects via number of ears 

per plant (2.2875) , biological yield (1.5936). number of 

grains per spike (O,8084) , days to 50% flowering (0 4313 ) 

and ear length (0 0 3040) , while negative via LAI-II (-.5,1206), 

number of tillers per plant (-2,2881), 1000-grain weight 

(-0 o 
2073) ,' D ° (-.0.1160) and days to maturity. (-0.1042) o 

LAI-II had positive indirect effects via LAI-i 

(2,.5994). number of ears per plant (2.0931) , biological 

yield (107423) , ear length (0,2510) and days to 50% flowering 

(0.2408). while negative via number of ears per plant 

(-2,0541) , 10Q0-grain weight (-0,1946), plant height (-0.1147) 

and 'D' (-0.1005) o 

Grain yield per plant had positive indirect effects 

via number of ears per plant (4.3544) , LAI-I (18564), biolo-

gical yield (1.6677). days to maturity (1.0595) , 1000-grain 

weight (0.7566) and number of grains per spike (0.7142) , 

while negative via number of tillers per plant (-4.4444) , 

LAI-IT (-3,7746),, day8 to 50% flowering (-1.0038) , plant 

height (-0.4320) and 'D' (-0.4091) o 

Biological yield had positive indirect effects via 

number of ears per plant (208361) , LAI-I (109776) , number of 

grains per spike (1.0357). days to maturity (0.7319) , 1000... 

grain weight (0.4807) and 'D' (0.1898) , while negative via 

LAI-II (.4.2593), number of tillers per plant (-2.7864) , 

days to 50% flowering (4.2960). ear length (-0.4120). plant 

height (-0.3407) and ' D° (-0.1028) . 



Environment (E) 1 435.4000 

Within Envi. 4 0.0000 

Genotypes(G) 43 97811.6 

E x G 	43 7.1651 

Error 	172 0.1087 

22.6000 282.3000 

0.3500 0.4250 

30,0395 50.6523 

• 10.4930 16.7176 

0.0622 001888 

1037.1000 253.3100 

21.3500 5.4460 

28295465 7.9743 

30.1279 3.1858 

7.8063 0.7065 

Table 19 s Pooled analysis of variance for yield and its components 

Characters 	_ 
df  Days to 	Days to 	e D, 	Plant 	Nov of No. of Ear Teoo of 

Source of 	50°% flow- 	maturity 	 height 	tillers/ ears/ length spikele,  
variation 	.erina 	- __- 	 cm 	plant plants (cm) per s i 

is 
ke 

239.4020 009510 12.9380 

0.6360 19,0100 29.2000 

6.4731 2.8984 8.2677 

2.6750 0.6261 2.3853 

092107 007441 100098 OD 

characters 	No. of 
grains 

1000- 
grain LAI-I 

Grain 
LAI-II 	yield/ 

Biological 	Harvest 
yield per 	index 

Source of 	 per . weight plant plant -(g) 	(%) 
variation 	 spike 

Environment(E) 1 812.5600 20169'3400 71.2308 166.1556 '2905.4010 ' 8839.5800 377.8000 

Within Envi. 	4 5591300 1202900 0.0250 0.0260 39.0210 12.1600 5.5150 

Genotypes(G) 	43 242 °0225 46 7601 1 	. 	0 4.4876 5.0317 58.46 30 242.95 83 54.8431 

E x G 	43 100.7074 44.0630 0.7758 ' 0.9190 39.2204 151.7095 20.4806 

Error 	172 12.6601 3.6601 090358 0.0569 17.5837 41.8030 2.0668 

cant at 
	eve].: ** Significant at 

	e 
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4.4 Genot i e x Environment Interaction 

It is commonly observed that relative performance of 

different genotypes alter in different environments, i.e.. 

there exists a genotype x environment interaction. 

Pooled analysis of variance for El  and E2  have been 

carried out to get genotYpe x environment interaction, for 

different characters (Table 19) . 

Me8n squares due to genotype as well as genotype x 

environment interaction showed highly significant differences 

for all the characterso 



Chapter - V 

D I S C U 5 S I 0 N 



o 

5o D16CU 	10H 

The present day wheat varieties have a potential to 

yield better than the varieties available during the early 

sixties. This increase in productivity has been possible 

through the hard and strenuous work of the plant breeders o 

In Madhya Pradesh
' wheat is generally grown as a sole 

crop and in some places 8s mixture with gram, oats, barley 

etc o Areawise, this State stands second but on total produ~ 

ction basis. it stands fourth and on productivity basis, 

eighth in the country.. it is, therefore® imperative to go 

into further details of researches in increasing the yielding 

ability of wheat genotYPQs. 

yield is the ultimate outcome of the whole life cycle 

plant depending upon rates, duration and interim-.
of a cro P P 
kings of many processes at all the stages of development. 

Thus, 
it is a function of total dry matter production and 

s 
t index. 
	matter production involves leaf area 

harvest  

development. ment. leaf area 
index, rate of Photosynthesis, respi-

ration andP hototespiration, nutrient uptake, nitrate assimi-. 

lation and water use efficiency. Substantial gains in produ. 

ctivity have been realized by laying emphasis on greater 

genetic yield potential coupled with greater varietal 

adaptation and better agronomy 
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Therefore, the present investigation involves to assess 

the phenotypic and genotypic variabilities for metric traits' 

of economic importance along with leaf area indices in two 

environments viz., high (El) and low (EZ) fertility levels, 

Pooled analysis was also carried out to judge the g x e effects 

of various traits because the identification of genotypes with 

stable yield performance over a wide range of environments is 

an important consideration in any crop improvement programme. 

Heritability in broad sense coupled with the knowledge 

Of genetic advance expresses the reliability of phenotypic 

value as a guide to breeding 
 value and also measures the degree 

Of correspondence 
between these two o The phenotypic and geno-

typic correlation coefficients of paired traits were also 

estimated for their likely response to selection* Path analysis 

eras carried out to get 
 the direct and indirect effects of 

different traits taking grain yield, biological yield and 

harvest index as dependent variables, separatelya The  results 

of the present experiment have been discussed as follows 

5.1 
	tars f 
	 Vari 

erf 
	

band es 
514101 
	a 	 coe 

The mean squares due to genotypes were found to be 

highly significant for all the traits in both the environments 

and pooled analysis, indicating a wide range of variation. 

This is supplemented with the findings of highly significant 

differences due to genotypes found for all the characters in 

both the environments and in the pooled analysis to confirm 
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further the existence of sufficient amount of variability 

for different characters in the material o Genotypic variability 

cannot be measured directly. It is deduced from total pheno. 

typic variation which results from the interplay of genotypes 

and the environment. Maximum amount of PCV was exhibited by 

grain yield per plant in El• LAI°II showed maximum PCV in E2  

and pooled. The lowest PCV 
estimates were found for days to 

maturity in E, E2  and pooled* LAI-I had the highest CCV, while 
1 

days to maturity had the lowest CCV in E
l, E2  and pooled, 

kiumber of tillers per plant, number of ears per plant, 

number of grains per spike, 1000-grain weight, LAI-I, LAI-II a  

grain yield and biological yield exhibited high CCV and PCV in 

E , E and pooled' `his partitioning of 
variabilities  revealed 

i 	a 
that observed variations were largely influenced by the genetic 

variation. Similar results Of GCV and PCV were also obtained 

by Sethi and Singh (1972) for spikes (ears) per plant, yield 

_weight: Mustafeav t al. (1978) for 
per plant and 1000 grain  

1000-grain weight and yield per plant, and by Xharche in 

setaria italica for LAI-I and Lj4a--II a High CV for number of 

tillers per plant, 1000-grain weight and number of grains per 

spike was estimated by Mishra (1971) o High CCV was estimated 

for number of tillers per plant by phul et al, (1972) = for 

grain yield per plant by Tikka et al. (1973): for 1000-grain 

weight by Randhawa et al a (1975) and for number of grains per 

spike and 1000-grain weight by Gupta and Ahmed (1982) , Sharma 

(1988) in kodo millet obtained high CCV  and moderate PCV for 

LAX-I and LAX-II. High estimates of PCV and GCV have been 
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reported by Sethi and Singh (1972) and Mustaf a et l o (19 78) 

for plant height. Similarly, Randhawa et J. (1975) and 

Gupta and Ahmed (1982) also reported high GCV for this trait° 

Results of the present investigation conform well with the 

above workers ° findings wherein plant height had high PCV 

in pooled analysis. Plant height along with ear length and 

harvest index had moderate estimates of PCV in El and E2. 

Mishra (1971) estimated low CV for number of spikelets 

per spike and Tikka et 1. (1973) estimated low GCV for days 

to 50%% f lowering• but in the present investigation, moderate 

values of PCV and CCv for these traits have been observed 

Which are 
in sharP contrast to the findings of the above 

workers. Days tO maturity had practically no interaction for 

PCV and GCV estimates. 

There has been close relationship between coefficient 

of genetic variability 
and GA as % of L i.e., these two 

parameters 
possessed more or less similar values and hence, 

occupied 
approximately similar rank (Table& %9-~1)viz., grain 

y
ield per plant, harvest index, biological yield, LAI-I, and 

tillers p 
er plant had higher GCV with higher GA as % X and 

vice-
versa. This indicated that selection in the base popula- 

tion for these traits would bring improvement, i.e., there 

would be an imprOVement in the traits due to increase in the 

genotypic value. Kharche (1986) in Setaria italics Beauv. 

has also emphasised on this aspect. 
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5 01.2 HeritabilitV 	icand genet advance 

It is known that total phenotypic variation in a popu-

lation is the result of genotypic and environmental effects o  

The amount of genetic variation is critical in achieving 

genetic gains and it is also known that only this component 

is transmitted to the next generation.. The_ r ortion of total 

variation caused by the genotype is called heritability and its 

estimates are the ratio of genotypic variance to the total 

variance, i.e.,  phenotypic variance. Thus, heritability denotes 

the proportion  of phenotypic variance that is due to genotype, 

i.e., heritable. 

In  the  present study, broad sense heritability has 

A  A 
been computed which indicates the degree of genetic determi- 

nation, i.e.. extent to which individual's phenotypes are 

determined by their genotypes. This object of estimation of 

heritability is to predict the genetic advance in the popula- 

tion through selection programme. 

The estimates of broad sense heritability have been 

broadly classified into 
low (below 50%). medium (50-70%) and 

high (above 70%) • 

Days to  50% flowering had the highest heritability in 

both the environments and pooled analysis as well. Grain yield 

had the lowest heritability values in 9l  and Pooled analysis, 

whereas biological yield in E2. 
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All the traits except ear length, grain yield and 

biological yield  exhibited high h2B in El, E2  and pooled,, 

indicating these traits to possess large proportion of total 

variance that may be attributed to additive gene of facts v It 

also reflects high degree of correspondence between phenotypic 

value and breeding value- High heritability estimates have also 

been reported for plant height, 1000-grain weight, number of 

apikelets per spike, days to heading, number of tillers per 

Plant, number of grains per spike and days to maturity by 

tnanY workers namely. Mishra (1971). Ieian et ale (1972). Reddy 

et to (1972) • Rana at Ao (1972) , Tikka t to (1973) , 

Randhawa et ally (1975). Islam (1976). Sharma (1981), Gupta 

and Ahmed (1982) • Joardeg et ale (1982). Camargo and Oliveira 

(1983) Sharma et 	a 
(1984) , Das and Rahman (1984). ?artynov 

• 
(198 	Choudhary t 4 

(1985) and P athak and  Nema (1985) o 

High heritability for harvest index was estimated by Shriva. 

$tauset al o 
(1981) and Xral j evic et al, (1985), 

__t  l 

Contrary to the results of the present investigation, 

moderate heritability was reported for harvest index (Bhatt, 

1976) • 1oo -grain weight (Camargo and Oliveira, 1983)  and number 

of tillers per plant (Sharma et 1. , 1984) • Low heritability 

for 1©©0-grain weight, grains per spike and spikelets per 

spike was recorded by Shrivastava t 1. (1982) in durum  

wheat, Low heritability t ae a iso estimated by Pacucci  t ai.  

(1982) for jt000-grain weight at different N2  levels. 



Ear length had moderate heritability values in E and 

E2 but high in pooled. 
Grain yield had moderate heritability 

values in E1 
and pooled, but high in E2 . Biological yield 

exhibited high heritability in E1 and pooled but moderate in 

E2 . None of the characters had low heritability. Several 

workers viz. Khan _et al. (1972), Reddy et al. (1972) , Islam 

(1976) and Gupta and Ahmed (1982) recorded high heritability 

forear length 
and grain yield per plant. High heritability 

f 	 yield 	
plant and biological yield per plant was 

or grain yiel per  

e 	 ivastava et al. (1981) 
$tunated by Shr  

the resent findings, low heritability for 
Contrary tot P 

grain yield per plant was estimated by P acucci et 1. (1982) 

1®,~e18 by Shrivastava et 1. (1982) in durum 
at different N2 

o and Oliveira (1983) . Low heritability for 
wheat. and by Camar g 

Spike length Cear 
lengthy was estimated by Das and Rahman 

(1984) . 

The genetic advance as percentage of mean (GA as %of X) 

based on heritability 
estimates was also computed. The genetic 

the unit of measurement, therefore, it is 
advance depends on 	 . 

expressed as perc
entagee of mean. This provides a relative 

comparison of expected genetic gain realized after one genera 

tion ©f Selscti 
on in a hypothetical selection programme. 

In bo th E1 
and E 2 environments and pooled analysis, 

LAI-I had the highest aA as of L This indicate. that selection % ~ 

based on jAi..i would have better selection advantage. 
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Number of tillers per plant, number 'of ' ears per plant, 

number of grains per spikes  1000-grain weight, •LAI-I, LAI-II, 

grain yield and biological yield had high GA as '% of X in El, 

Ea  and pooled, while ID'.. plant height and harvest •index had 

moderate GA as % of R in El and E2  but high in pooledo Similar 

to the findings of the present investigation, high estimates 

of GA % for 1000-grain weight, effective tillers per plant, 

number of grains per ear, biological yield, grain yield, plant 

height and harvest index have been reported by Mishra (1971) , 

Tikka et alo (1973). R$ndhawa at ale (1975). Islam (1976) and 

Shrivastava  at al.  (1981) . Contrary to the results obtained in 

the present investigation# Ithan at al. (1972) recorded moderate 

GA for number of tillers per plant and number of grains per ear. 

Estimates of GA as  %° of  X for days to 50% flowering, 

ear length and 
number of spikelets per spike were moderate. 

Contrary to this.high GA as % of X for ear length was recorded 

by Mishra (1971) e 

Days to maturity was the only trait which had low GA as 

% of in this investigations 

characters studied in the present investigation were 

ranked to examine the relationship between PCB'. V, h28 and 

GA %. It was observed that rank values Of PCV. QCV and GA 

were closer to each other for most of the characters except 

ear length in both the environments and pooled analysis, However, 

no consistent trend could be established among PCV, c CV, h2  

and GA % (Tables 19,20 & 21). 



Table 19 g Relationship between different parameters in E 
environment - ranking procedure 

F arameter PCV ILJ GCV h2B GA Total 

Days to 50% flowering 14 13 1 12 40 

Days to maturity 15 1'5 6 15 51 

12 11 2 11 36 

9 36 
Plant• height 

NO 	of tillers/plant 5 6 12 7 30 

NO. of ears/p 
1 ant  6 5 7 5 23 

11 12 14 13 49 
Ear length 

Spikelets per spike 
13 14 13 14 54 

Grains per spike 7 7 11 6 31 

1000-grain weight 
8 8 32 

 
8 8 

2 1 3 1 7 
LAI -I 

4 4 4 3 15 
LAI -I I 

Grain yield/plant 1  2  15 4 22 

Biological yield/plant 3  3  5  2  13 

10 10 10 10 40 
Harvest index 



Table 20 s Relationship between different parameters in E2  
environment - ranking procedure 

-li-I Parameter 	 PCV J V h2B GA  LTO 

Days to 50"/ flowering 14 14 1 14 43 

Days to maturity 15 15 2 15 47 

oDo  10 .9 3 9 31 

Plant height 12  11 7 11 41 

N. of tillers/plant 5  5 11 4 25 

No. of ears/p lant 6  6 8 5 25 

9 12 14 13 48 
Ear length 

Spike lets per 
spike  13 13 12 12 50 

Grains per spike 7  7 10 7 3.1 

1000-grain weight 8  8  6  8  30 

1 1 5 1 8 
LAI-I 

3 2 4 2 11 
LAI -I I 

Grain yield/Plant 4 3 13 3 23 

Biological yield/Plent  2 4 15 6 27 

Harvest index 11 10 9 10 40 
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Table 21 a Relationship between different parameters under 
pooled analysis - ranking procedure 

Parameter PCV GCVL F2! GA % Total 

Days to 50% f lowering 

Days to maturity 

o Do 

Plant height 

No, of tillers/plant 

No0 of ears/plant 

Ear length 

spikelets per spike 

Grains per spike 

1000-grain weight 

LAI -I 

LAI -I I 

Grain yield/plant 

Biological yield/plant 

Harvest index 

14 14 1 13 42 

15 15 2 15 47 

11 10 3 10 34 

10 9 7 9 35 

r 5 11 6 27 

6 6 8 5 25 

9 11 14 12 46 

13 13 12 14 52 

7 7 10 7 31 

8 8 6 8 30 

1 1 5 1 8 

3 2 4 2 ii 

2 3 15 4 24 

4 4 13 3 24 

12 12 9 11 44 
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In all the three analyses viz., El, E2  and pooled, 

values of different genetic parameters of selection-  were 

more or less similar. Hence, the discussion could be genera-

lized. In general, higher values of PCV were associated with 

higher values of GCV and GA % in El, E2  and pooled analysis, 

This situation was observed for grain yield, biological yield, 

LAI -I , LAI -I I and number of tillers per plant.  This indicated 

the probability of selection advantage based on PCV estimates. 

It has further been observed that when h2B and GA % are 

Compared, no consistent trend could be observed. 

It is known that heritability alone is no reliable 

estimate of any genetic gain realized in selection unless it tl  

is associated 
 With GA % estimates. From the tables of rank 

Procedure, high heritability with high genetic advance is 

found for the traits LAI 1 and LAI-II. According to Panse " 

(1957), it may be due to additive gene effects . and higher 

genetic gain can, be obtained through straight selections. 

Plant height, number of ears/plant and 1000-grain weight 

had moderate heritability with moderate estimates of GA ro 

Such a situation is indicative of predominance of additive 

gene effects and therefore, selection gains could be antici.-

pated e  Days to 50% f lowering, maturity and 'D : (duration from 

flowering to maturity) had high heritability with low genetic 

advance*  This is suggestive of predominance of  non-additive 

gene effects° Hence*  the population will have lack of fixable 

Components of genetic variance and this selection advantage 
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may not be realized for these traits in direct selections 

based on phenotypes. Similar observations have also been 

made by Kharche  (1986) in 6etaria italica and Sharma (1988) 

in kodo millet. 

5.2 Correlation Coefficient Analysis 

Galton (1980) considered application of correlation 

coefficient as an asset to indicate degree of association in 

variables. The utility of estimates of correlation gets consi-

derable spread by partitioning into phenotypic, genotypic and 

environmental components. Application of correlation was 

determined by 
Searle (1961) at genotypic, phenotypic and 

environmental levels. 

Correlations among characters are of much interest 

because the changes brought about by selection for one trait 

may bring simultaneous changes in other characters also. 

For both the environments and pooled analysis, cozre)_a- 

tion coefficients among yield. yield components and leaf area 

indices were estimated separately at phenotypic, genotypic  and 

environmental levels. if two characters show 
high  magnitude 

of positive correlation coefficient at genotypic level, it 

will indicate strong linkage at genic level but if the corre-

lation values are high at phenotypic level only, it may show 

weak association and may be broken up with changes in environ-

ment. If the correlation coefficient value for a pair of 
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characters is high at environmental level, it would reflect 

that such associations are found in that particular environ-

ment only and such associations may not exist if there is 

change in that environment. The same principle is applicable 

to negative correlations also. 

Correlations may be true or false* True correlations 

arise mostly due to linkage, pleiotropy and physiological 

functions of metabolic pathways a The genetic cause of corre-' 

lation is pleiotroPY chief ly ° Linkage is the cause of transient 

correlation# particularly in  a population derived from crosses 

between divergent strains° Pleiotropy is simply a property of 

gene (s) affecting two or more characters simultaneously. 

Correlation coefficient between any two traits may be attri-

buted to genetic and environmental causes. 

In the 
pre8ent investigation* correlations at phenotypic,, 

genotypic and environmental levels in all possible  character 

combinations were estimated separately for El#  E2  and pooled 

analyses 
in 44  genotypes of bread wheat. Correlations at 

genotypic level can be estimated but they cannot be tested 

for their significance° hence' phenotypic correlations signi-- 

ficant at 	
or 1% probability levels have been discussed here. 

In general, genotypic correlation coefficients were 

higher than phenotypic and environmental correlation coeffj.. 
cients in ,E * E2  and pooled analyses. Positive and significant 

1 
correlations among most of the characters are  useful and 
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selection based on these characters would likely to improve 

the desired traits. 

Experimental findings revealed that grain yield was 

positively correlated with number of tillers per plant and 

number of ears per plant in El, E2  and pooled analysis as 

well. Grain yield also had positive significant correlations 

with number of grains per spike, LAI-II and biological yield 

in El  and E2, while 1000-grain weight in E2  and harvest index 

in pooled analysis/ presence of positive correlations of 

grain yield with number of tillers per plant and number of 

ears in all the three analyses indicated negligible role of 

environments for these traits.' However. number of grains per 

spike, LAI-II and biological yield which possess positive 

correlations with grain yield in El  and E2  is further sugge-

stive of non-significant role of environments on these traits. 

Harvest index has shown positive correlation with grain yield 

in pooled analysis. This suggested that g x e interaction is 

operating. Therefore, it would be inferred that selection for 

these traits would likely to improve grain yield in bread 

wheat. :similar results have also been reported by several 

workers namely, Singh and Randhawa (1971) who reported 

positive correlations of grain yield with number of tillers 

per plant,  number of ears per plant and grains per ear; Kumar 

and Chowdhary (1986) who reported positive correlations of 

grain yield with biological yield, number of tillers per 

plant and  harvest index in an experiment conducted in three 
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environments in durum wheat; Balyan and Singh (1987) who 

reported positive correlations of grain yield with number of 

tillers per plant and biological yield and Shamsuddin (1987) 

who reported positive correlations of grain yield with harvest 

index, number of ears per plant and grains per ear. 

In El  and E2  environments, number of tillers per plant 

had positive correlations with number of ears per plant, 

grain yield and biological yield but with LAI-II it was only 

in E10 o In pooled analysis also, number of tillers per plant 

had positive correlations with number of ears per plant, 

grain yield and harvest indexx. Similar results have also been 

reported by Kumar and Chowdhary (1986) , Singh and Randhawa 

(1971). Sambhu (1982) , Anderson (1986) and Balyan and Singh 

(1987) 0 

Number of ears per plant had positive association with 

number of tillers per plant, grain yield and biological yield 

in E and E2  but with L1-1I. it was only in El, while with 
1 

days to maturitY • it w8s in £20 In pooled analysis, this trait 

had positive association with number of tillers per plant, 

LAI-I, LAI-I1. grain 
 yield and harvest index. Similar corre-

lations 0 
f number of tillers per plant with grain yield have 

also been reported by Singh and Randhawa (1971) , Sethi and 

Singh (1972) . Anderson (1986) and shamsuddin (1987). 

Correlation coefficients of number of tillers per plant 

and number 	
ears per plant were positive  and significant, 
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Although the associations of these two traits with other 

traits were of varying magnitudes in all the three analyses, 

yet they had positive and significant correlations with grain 

yield and between themselves also. These traits also had 

positive associations with biological yield in El and E2. 

Thus, straight selection over these traits may improve grain 

yield together with biomass. In pooled analysis, number of 

ears per plant had positive associations with LAI-I - and LAI-II 

(also in E1) which indicated that the selection for higher 

leaf area may be conducive to better grain yield but selection 

for higher leaf area in post-flowering stage will be more 

effective in improving grain yield. 

Number of grains per spike exhibited Positive associg_ 

tion with grain yield in E
l and E2: with biological yield in 

E and pooled* This trait also had, positive association with 
2 

number of spike1ets 
per spike and negative with 1000-grain 

weight in all the three analyses viz., E1, E2 and pooled. 

Here also 
correlated response to selection could be realized 

for grain yields bio1ogical yield, LAI-I, LAI-II and spikelets 

pe
r g ikeo Number of grains per spike had negative correla. 

to with tion 	
1000 -grain weight . This result is as per general 

ex 
	n ~ i w e ' number of grains per ear would be reduced 
pectatio 

if 1 	
ain weight Would increase and vice-versa. 

000_ gr 

Posi 
five association of biological yield was found with 

and yield contributing traits like number of 
grain yield 
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tillers per plant, number of ears per plant in both the 

environments, i.e., Ll  and i::2  and with LAX-I, LAI-II and 

number of grains per spike in r.l  and pooled analysis. Presence 

of positive correlations of biological yield with grain •:i:_, 

number of tillers and ears in both the environments, i.., 

Ll  and E2  is indicative of true relationship of these traits 

which would be further confirmed by path coefficient analysis 

and thus, the environmental influences on these associations 

are negligible. 

positive correlations of biological yield with LAI-I, 

LAI-II and number of grains per spike have been found in 31  

(i.e., better environment) and pooled analysis. This is sugge-

stive of g x e interaction and therefore, these traits may 

have better performance under better environments. it may be 

inferred that improvement due to selection for grain yield 

and yield components will be associated in increasing biomass 

(biological yield). This increase would be more pronounced in 

high fertility conditions (E1).  

i critical examination regarding studies on leaf area 

indices in relation to yield and other attributes has given 

the following  inferences ;- 

(1) 	LAX-I had positive significant correlation with Lai-11 

in both the environments and under pooled analysis. This 

suggested that leaf area at pref-flowering stage h3:r> a direct 

bearing on leaf area at post-flowering stage, .i,'!., 3_nit a 



supply of photosynthates is necessary to maintain the plant 

growth which may continue to support leaves at post-flowering 

stage. This process would continue till the grain formation, 

irrespective of the varying environments, although the quantum 

of photosynthates and their mobilization to the sink may vary 

depending upon the source capacity and the sink strength. 

(2) LAI-I as well as LAI-II had significant positive asso-

ciations with biological yield in El  and pooled analysis. 

This indicated interplay of g x e interaction and suggested 

that better environment may produce high biological yield. 

(3) LAX-II had significant association with grain yield in 

both the environments. Significant positive associations of 

LAI-Il with grain yield in :l  and E2  are suggestive of the 

activeness of leaf surface after post-flowering which also 

contribute a major portion of photosynthates to the developing  

grains. It is immaterial whether the environment is good or 

bad, but the process of photosynthesis and photosynthate 

formation and its mobilization would continue. This relation-

ship would not be altered by environmental changes, although 

the quantum of carbohydrate synthesis and supply may vary, 

(4) Biological yield had significant positive association 

with grain yield in both the environments o 

Thus, the breeders should aim at evolving genotypes 

with better foliage development so as to achieve higher 
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LAI (II) with increased longevity of leaves, i.e., late leaf 

senescence. This means that further delay in leaf withering 

would ensure the continual supply of photosynthates in the 

developmental phase of the plant including grain development. 

In this study, grain yield had significant positive 

correlations with number of tillers per plant, number of ears 

per plant, number of grains per spike, LAI-II and biological 

yield in both the environments and with number of tillers 

per plant and number of ears per plant and harvest index in 

pooled analysis. Therefore, it would be inferred that sele-

ction based on these traits would likely to improve grain 

yield in bread wheat. 

5.3 Fath Coeffici_nt rnalysis 

The correlation coefficients observed in association 

analysis simply indicate the degree of association among the 

characters contributing towards economic yield. Grain yield 

is a complex trait and it is also said that there are no 

genes for yield Der-s
.2• Therefore, it becomes essential to 

identify components of yield and their relative contribution. 

The path coefficient analysis helps in understanding the 

causal factors better because it partitions the total corre-

lation of a paired trait into direct and indirect effects via 

other characters, i.e., components of yield. Path coefficient 

studies are useful in several ways viz., it is free from unit, 

it is directional, may be less than one or greater than unity 

and amenable  to easy interpretations. 



110 

In the present investigation, path coefficient analysis 

was carried out at genotypic level taking grain yield, biolo-

gical yield and harvest index as dependent variables separately 

for E1, E2  and pooled analyses. One dependent variable was 

considered once at a time taking independent variables common 

to each. The purpose of taking aforesaid three factors as 

dependent variables is to derive valid conclusion of indepen-

dent variables regarding their cause and effect relationship. 

Harvest index, except under pooled analysis, had no 

significant correlation coefficients with any of the traits 

so the direct and indirect effects of other traits on harvest 

index in E1  and E2  have not been discussed. Only pooled 

analysis has been discussed. Grain yield and biological yield 

have been discussed for El  and E2  environments and pooled 

analysis as well. 

5.3.1 Grain yiel  d as dependent variable 

5.3.1.1 Under E1  

Number of tillers per plant, Li,I-II and biological 

yield showed positive correlations and psitive direct effects 

on grain yield. Such a situation showed true relationship. 

Number of ears per plant and number of grains per spike had 

positive correlations and negative direct effects on grain 

yield. in such condition, indirect effects seem to be the 

cause of correlations. Under such a situation, the indirect 
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causal factors are to be considered. Number of eats per 

plant and number of grains rer spike had indirect effects on 

grain yield via number of tillers per plant, biological yield 

and LAI-II. 

It is concluded that selection based on number of 

tillers per plant. LAI-1I, and biological yield may be useful 

in better environment viz., high fertility conditions. 

.everal workers have carried out path analysis taking 

grain yield as dependent variable. similar findings have been 

reported by Paroda and Joshi (1970b) , Jatasra and Paroda 

(1983c), B alyan and Singh (1987) and 8oyadzhieva (1987). 

5.3.1.2 Under E2 

Number of grains per spike. 1000-grain weight, number 

of ears per plant. LAI-I and number of tillers per plant 

showed positive correlation and positive direct effects on 

grain yield per plant, showing true relationship. 

LAI-II and biological yield had positive correlations 

and negative direct effects on grain yield, indicating 

importance of indirect effects on grain yield via number of 

ears per plant, number of tillers per plant. number of grains 

per spike and LAI-I. 

Under low fertility conditions, selection based on 

number of tillers per plant, number of ears per plant, number 
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of grains per spike, 1000-grain weight and LiI-I would be 

effective. 

Similar findings have been reported by Paroda and 

Joshi (1970b). Jaimini et al. (1974) and Boyadzhieva (1987). 

5.3.1.3 Under p2g1ed anazsis 

Number of ears per plant and harvest index exhibited 

significant positive correlations and positive direct effects 

on grain yield per plant. Such a situation reflects true 

relationship. 

Number of tillers per plant had positive correlation 

and negative direct effects on grain yield. in such condition, 

indirect effects seem to be the cause of correlation. Here 

number of tillers per plant had positive indirect effects via 

LAI-II, number of ears per plant, 'j', harvest index, number 

of grains per spike and plant height. Besides other traits, 

number of ears per plant and harvest index should also be 

given weightage in selection programme. 

bimilar findings have also been reported by Paroda and 

Joshi (1970b),  Jaimini (1974) and Kumbhar (1982). 

5.3.2 81  ogical yield as dependent variable 

5.3.2,1 Under El  

Number 	grains per spike, number of tillers plant. 

LAI-II and 
 number of ears per plant showed significant positive 
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correlations and positive effects on biological yield. 

Therefore direct selection based on these traits would be 

effective to improve biological yield in better environments o 

LAI-I and grain yield showed significant positive 

correlations and negative direct effects on biological yield. 

In such conditions, indirect effects seem to be the cause of 

correlations. Under such situations, indirect causal factors 

are to be considered. Here, aforesaid traits had positive 

indirect effects via LAI-II o number of tillers per plant and 

grain yield, and also via number of ears per plant and number 

Of grains per spike o 

It is concluded that selection based on number of 

tillers per plant number of ears per plant, number of grains 

Per spike and LAI °I I may be useful in the better environments 

similar results have also been reported by Sharma 

(1988) in kodo milleto 

5.3.2.2 Under E2  

Number of  tillers per plant showed significant positive 

correlation and positive direct effect on biological yield. 

Direct selection for this trait would improve biological yield 

under low fertility conditions e 

Number of ears per plant and grain yield showed signi- 

ficant positive correlations and negative direct effects on 
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biological yie ld o In such conditions, indirect effect seems 

to be the cause of correlations o Aforesaid traits had positive 

indirect effects via number of tillers per plant, 1000-grain 

weight and LAI-I o 

Selection based on number of tillers per plant. 1000- 

grain weight and LAI-i would be useful. 

Similar results have also been obtained by Sharma 

(1988) in kodo millet° 

503.2.3 Under pooled analysis 

LAX-II is the only trait showing positive correlation 

and positive direct effect on biological yield, in the present 

investigation. Therefore, direct selection for LAI-II would 

be of f ectiveo 

LAI-I and number of grains per spike had significant 

positive correlations but negative direct effects on biolo-

gical yield. Here, these traits had positive indirect effects 

mainly via LAI-II. Therefore, indirect selection for this 

trait would improve biological yield. 

Similar results were obtained by Sharma (1988) in 

kodo millet. 

5.303 Harvest index as 
	ent v_ariab 

	
led Analys 

Number of ears per plant showed positive correlation 

and positive direct effect on harvest index 
° Such situation 
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shows true relationship and direct selection based on number 

of ears per plant would be effective to increase harvest index 

and ultimately to the grain yield. 

Number of tillers per plant and grain yield had positive 

correlations but negative direct effects on harvest index o In 

such conditions, indirect effects seem to be the cause of 

correlation. Here, aforesaid traits had positive indirect 

effects via LAI-I, biological yield and 1000-grain weight° 

Therefore, indirect selection for these traits would be effe- 

ctive. 

Results of the present investigation are more or less 

similar to the findings of 6i ngh (1989) who observed signifi-

cant positive  8ssociation of harvest index only with grain 

yield in El  (high fertility) and only with biological yield in 

pooled, but none of the traits in E2  (low fertility) . 

Concluding discus sin on path coefficient analysis, 

the following observations have been made s - 

Under El  environment 

Days to maturity• plant height, number of tillers per 

Plant, number of spikelets per spike and LAI-II had in common, 

positive  direct effects on grain yield and biological yield, 

while days to 50% flowering, $ D°  , ear length and LAI-II had 

in common, negative indirect effects on grain yield and 

biological yield. 



116 

Here, out of 13 independent variables, nine had 

common effects on both the dependent variables viz., grain 

yield and biological yield, where 5 had positive and 4 had 

negative direct effects. 

Under ~2 environment 

Plant height, number of tillers per plant, ear length, 

number of spikelets per spike, number of grains per spike, 

1000-grain weight and LAI-I had in common, positive direct 

effects on grain yield and biological yield, while 'D, LAI-II, 

and harvest index had in common, negative direct effects on 

grain yield and biological yield. 

Here, out of 13 independent variables, ten had common 

direct effects on grain yield and biological yield, where 7 

had positive and 3 had negative direct effects. 

Under pooled analysis 

Jirect effects of either sign, with few exceptions, 

were similar on grain yield and biological yield, but were 

totally different for harvest index. 

Days to maturity, plant height, ear length, harvest 

index and 1u-I--II had in common, positive direct effects on 

grain yield 
and biological yield. while days to 504 flowering, 

, number of grains per spike, 1000-grain weight and LAI-I 

had in common• negative direct effects on grain yield and 

biological yield. 
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Here, out of 13 independent variables, ten had common 

direct effects on both biological yield and grain yiel3, 

where 5 had positive and 5 had negative direct effects. 
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6. SUMMARY, CONCLUSIONS AND SUGGESTIONS 
FOR FURTHER WORK 

SUMMARY s 

The present investigation entitled, "Assessment of 

genetic variability and G x E interaction for some quanti-

tative traits and leaf area in bread wheat (Triticum aestiyum 

L.)". was conducted at the Livestock Farm, Jawaharlal Nehru 

Krishi Vishwa Vidyalaya, Jabalpur, during rabi 1987-88. The 

experimental material comprised 44 genotypes of wheat laid 

out in a randomized complete block design with three repli-

cations in two environments and sown on 2nd December, 1987. 

Phenotypic and genotypic variabilities, broad sense 

heritability, genetic advance as percentage of mean and 

correlation coefficients at genotypic. phenotypic and 

environmental levels were calculated. Path analysis taking 

grain yield, biological yield and harvest index as dependent 

variables alternatively was also carried out under both the 

environments and pooled analysis for yield and its contribu- 

ting traits. 

The analysis of variance indicated considerable amount 

of variability for the characters studied in both the environ-

ments. The pooled analysis of variance exhibited highly signi-

ficant variances due to genotype x environment interaction 
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and genotypes for all the traits. side range of PCV and GUV 

estimates were obtained in both El 
 and E.2, and also in pooled. 

Phenotypic coefficient of variation estimates ranged from 

2.35 (days to maturity) to 32.7 
 (grain yield) in L i s from 

2.23 (days to maturity) to 34.53 (L:sX-I) in L2 
 and from 2.79 

(days to maturity) to 40.96 (LAI-I) in pooled analysis. The 

ooV 
estimates ranged from 2.32 (days to maturity) to 28.83 

(LAI-I) in E1: from 2.22 (days 
to maturity) to 34.28 (Lial-I) 

in E2  and from 2.79 
 (days to maturity) to 40.82 (L.AI-I) in 

pooled analysis. 

Heritability estimates were high for almost all the 

characters, except ear length and grain yield in El; ear 

length and biological yield in L2 
 and only grain yield in 

pooled analysis, which had moderate heritabilities. None of 

the characters exhibited low heritability. ilays to 50'k flow-

ering had the highest heritability estimates in both the 

environments and pooled analysis, while grain yield in El  and 

pooled and biological yield in E
2  had the lowest heritability 

values. The highest GA as percentage of mean was observed 

for LAI-I. while the lowest for days to maturity in both Ll  

and :2 
 and pooled analysis as well. Almost all the characters 

had high heritability with high to moderate GA as percentage 

of mean, 
 except days to maturity (high h2B, low GA as % of 

X) 
, ear length (moderate h2B and Goa as *". of 

x) . grain yield 

in E1 
 and pooled and biological yield in E

2  (moderate h2B and 

high GA as - of X) 
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None of the traits showed negative significant corre-

lation with grain yield. Number of tillers per plant and 

number of ears per plant were the only two characters exhi-

biting significant positive correlations in both El  and EZ  

and also in pooled analysis. Number of grains per spike. LAI-II 

and biological  yield had significant positive correlations 

with grain yield In El and EZ, but not in pooled analysis. 

1000-grain weight and LAI-I had significant positive corre-

lations with grain yield only in E2, while harvest index had 

positive only in pooled analysis. 

N;ost of the characters had, in common, positive and 

negative direct effects on grain yield and biological yield. 

Hence, there is no need to take up grain yield and biological 

yield as dependent variables separately. Harvest index had 

no significant correlations with any of the remaining traits 

in a1  and E2, but had few significant correlations in pooled 

analysis only. 'mus, path analysis taking harvest index as 

dependent variable has been discussed only under pooled 

analysis. positive and negative direct effects on harvest 

index are not common to grain yield and biological yield in 

pooled analysio. 0 itive and negative direct effects on 

grain yield  in di, d2  and pooled analysis 
are different. 

In E1
, number of tillers per plant, LiU -II, biological 

yield, number  of spikelets per spike, harvest index, days to 

maturity and plant height had positive direct effects, whilst 



121 

number of ears per plant. LHI-I, days to 50% flowering, number 

of grains per spike. '3', e.rir length and 1000-grain weight had 

negative direct effects on grain yield. In L•'2, number of ears 

per plant, number of tillers per plant, days to 50% flowering, 

plant height, 'J', number of grains per spike, 1000-grain 

weight, LAI-I, number of spikelets per spike and ear length 

had positive direct effects, while LAI-II, days to maturity, 

biological yield and harvest index had negative direct effects 

on grain yield. In pooled analysis, LAI-II, days to maturity. 

ear length, number of ears per plant, plant height, harvest 

index and spikelets per spike had positive direct effects, 

while days to 50% flowering, LAi-I, 'J', number of grains per 

spike, 1000-grain weight, biological yield and number of 

tillers per plant had negative direct effects on grain yield. 

In El, number of tillers per plant, LAI-II and 
 

biological yield had significant positive correlations with 

positive direct effects, while number of ears per plant and 

number of grains per spike had significant positive correla-

tions with negative direct effects on grain yield. in S2, 

number of ears per plant, number of tillers per plant, days 

to 507 flowering, number of grains per spike, 1000-grain 

weight and LAI-I had significant positive correlations with 

positive direct effects, while LAI-II and biological yield 

had significant positive correlations with negative direct 

effects on grain yield. In pooled analysis, number of ears 

per plant and harvest index had significant positive correlations 
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with positive  direct effects, while number of tillers per 

plant had significant positive correlation with negative 

direct effect on grain yield. 

CONCLUSION s 

On the basis of heritability estimates, genetic 

advance as percentage of mean, correlation coefficient ena-

lysis and path coefficient analysis, it may be inferred that 

selection based on number of tillers per plant, number of 

ears per plant, LAI-II and biological yield would help in 

increasing yield potential of the crop. 

SUGGESTIONS FOR FURTHER WORK 

(1) This experiment should be conducted over years and 

locations to assess stability performance. 

(2) An ideotype of bread wheat may be constructed on the 

basis of number of tillers per plant, number of ears 

per plant, LAI-II and biological yield. 

r 
(3) D2  analysis should be carried out to get genetic 

divergence of the materials for their further use in 

recombination breeding. 

(4) 	The study should also be carried on various physiolo- 

gical traits like CGR, NAR, 1GR etc. so as to derive 

valid conclusions underlying the mechanism of produ-

ction potential of the crop. 
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2 	2 3754 13 3 1 - 3 3 ,, 3 - 
107.20 35.03 79.13 6.56 6.33 7.83 17.36 43.06 40.54 2.54 4.62 10.77 22.33 10,17 
111.23 40.33 100.53 6.83 6.53 9.35 7 2.:; 43545 35473 4.08 5.54 54.03 2-5.63 42.23 
545.00 39.00 98.36 e545 8.05 9.05 54.93 41.30 .21.:: 2.73 5.25 12.93 53.13 42.03 
1:4540 3.00 51,55 13,35 9.73 5.40 20.05 -7.70 41.53 3,07 5,59 19.22 45543 42.06 
113.03 -54,00 32.07 7, 3 3 7.54 54.50 21,20 54.32 41,35 546: 5,20 >0.33 36.54 39.53 
114.00 43.00 91.53 6,33 5.73 7.93 23.52 -70,70 43.20 2.37 3.79 13.22 31.53 41.60 
1 	3 3 	3 9 7 	2 6.66 3-s 3 7 .03 1 	3 7. 0 	- 
114.00 40.0-2 90.53 7.33 5,73 5.55 23,73 35543 54.65 3.41 5.25',,3.03 32.33 40.43 
112. CO - 3.00 35.33 7,33 6.73 8.66 20.20 43.55 47.83 2.51 3.35 17.5? 32.5) 41.55 
113.30 41.00 93,61 7.20 5.53 6,93 19.53 01.72 48.33 3.13 3.77 13.52 32.35 ;2.50 
110.30 33.00 32,26 6,00 6,06 7,30 2.54, 45430 41.33 2.16 3.2 1  12,13 :s .56 40.53 o 34 ,00 93.75 9.20 - 03 6 3 L7 34 - 	7j 
116,30 42.20 33,67 10.20 9.60 3.12 13.13 4>0:7 42.53 2.57 5.25 30.53 39.37 43.45 1 	00 _r  >. 54 3 7 -- - 	- 9 1) 	3 2. 54 -1 	3 1:1.20 35,00 33,40 6.00 5,03 '° 12.93 25.62 54.50 5.50 >020 11.39 25.14 43.53 1:1,00 45.04 75,62 7,20 5.60 9,20 :3,22 41,33 51.16 _.74 3.79 13.57 32,37 43,23 110.20 33,2 79.40 7.13 7.13 .33 20.35 51,63 42.36 1.61 3.33 15.33 37,11 42.55 111.00 40,00 36,50 6.60 6.62 3,40 11.75 43,23 39,36 5.23 6.26 >3.45 3>017 34.05 
112,00 43,00 35.46 6.33 6,0-2 9.33 20.33 39,61 35.76 2.54 3.35 12.62 22.74 42.53 117.00 32.00 93.33 3.13 7.45 9 .33 15.53 49.13 46.26 >070 3.77 15.65 33.30 47.16 121.00 37,03 73540 3,65 3.46 7.46 19.40 63,10 29 .05 3.56 4.58 12.02 28.91 -54.2-3 
103.00 03.00 84.73 9,33 8.13 3,33 16.86 31.96 33.54 3.26 4.14 15.52 32.72 4550 

03 A 3 00 3 	3 5.93 7.93 7 23 4  	3 3 3 	,, - - 
137.02 43,00 95.52 5436 3.69 5.33 17.13 18.31 57,42 5.30 3,.7 54,54 34.75 43.72 
146.23 40.30 102,42 7.93 7.53 6.50 13.4-2 -5454-2 44.18 3.45 4,53 154>0 33.65 43.73 
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APPENDIX-III 

Mean values of yield and yield contributing characters (pooled analysis) 

Geno- 
type 

No. 
Days 
50'.. 
flow- 
ering 

Jays 
to 
matu- 
rity 

° 	° 

Plant 
hei- 
ght 
(cm) 

No. 	No. 
of 	of 
till- ears/ 
ers/ 	plant 
plant 

Ear 	No.OfIN0.o£ 
len- (spike 
gth 	(lets/ 
(cm) 	spike 

gra- 
ins/ 
spike 

2000- 
grain~Lhl
~t. 

(g) 

-I LNI-I 
gain Biol- 
yield ogi- 
per 	(cal 
plant yile 
(g) 	(plant 

O 

Har- 
(vest 
index 
(%) 

1. 2. 4. 5. 6. 7. 	8. 9. 	I 	l01f.1 12. 33. 	1 	14. is. 	16. 1 

30016 1 76.16 112.50 36.33 91.69 10.66 10.33 7.55 19.38 55.29 36.43 5.33 6.07 20.92 44.28 47.45 
30052 2 72.00 112.00 40.00 93.22 9.90 8.51 8.23 19.40 46.60 39.85 4.58 5.85 16.37 38.43 42.15 
30072 3 72.00 112.00 40.00 90.88 7.36 7.06 8.71 19.00 48.63 44.71 3.83 4.72 16.57 34.65 47.46 
30166 4 75.83 113.00 37.16 97.86 6.23 6.03 8.60 21.15 56.84 37.66 2.75 4.21 12.87 26.51 48.81_ 
30228 5 74.00 112.00 37.50 83.05 6.16 6.06 8.13 17.83 42.56 40.31 1.46 2.72 10.72 26.61 39.41 
30305 6 71.33 111.50 40.16 80.15 6.50 6.40 8.57 16.88 40.91 41.11 2.25 3.38 11.03 27.06 39.75 
30311 7 71.33 112.00 40.50 93.60 6.60 6.43 9.10 19.08 53.26 42.33 3.41 4.44 15.18 42.59 34.43-
30412 8 70.66 113.50 43.50 86.83 6.06 5.73 8.46 20.87 50.05 45.81 2.38 3.75 13.87 44.41 42.06 
30482 9 71.50 113.00 42.50 77.49 6.13 5.70 7.53 20.23 46.46 38.80 3.61 4.65 10.37 24.72 41.80 
30515 10 72.00 112.00 41.00 95.15 6.96 6.16 8.93 19.56 49.97 47.30 3.36 4.76 14.61 38.88 37.43 
30564 11 71.00 113.00 43.00 83.95 7.80 7.43 9.06 18.60 48.93 47.20 4.22 5.65 17.44 40.37 43.21 
30579 12 71.66 112.00 40.33 81.47 7.33 6.86 8.53 19.56 51.16 43.07 5.04 6.57 15.20 38.53 39.45 
30596 13 72.00 112.50 41.00 78.16 7.53 7.00 7.76 18.96 45.18 39.88 3.86 5.12 12.69 30.02 42.05 
30616 14 71.50 112.00 40.50 81.93 6.33 6.20 7.50 18.13 41.36 47.15 3.32 4.09 11.87 28.18 41.78 
30647 15 74.00 114.50 40.50 76.77 6.93 6.63 8.35 18.66 37.65 47.13 3.27 3.95 11.98 29.32 41.38 
30683 16 70.83 111.00 40.16 73.56 6.56 5.90 7.21 17.26 30.25 39.28 1.98 2.49 7.18 16.93 41.36 
30747 17 70.16 114.50 44.33 79.26 6.86 6.46 9.00 20.76 41.38 42.78 2.08 2.88 11.50 27.56 42.21 
30792 18 81.50 115.66 31.00 86.78 7.83 7.56 8.90 18.07 43.58 36.35 2.09 3.35 12.12 29.80 40.61 
30803 19 78.00 116.00 38.00 78.82 8.63 8.06 9.03 20.90 45.62 34.43 2.63 3.52 12.71 30.52 39.71 
30835 20 73.00 109.50 36.50 89.09 5.30 5.10 7.13 17.58 34.96 40.36 3.04 3.73 7.59 19.05 39.41 
30934 21 74.16 113.00 38.83 95.23 6.20 6.00 9.45 19.05 43.74 37.76 2.90 3.75 9.94 23.37 41.58 
30951 22 77.00 115.00 38.00 96.90 8.06 7.65 9.15 19.93 44.57 38.68 2.24 3.25 13.30 40.74 41.07 
30977 23 71.50 113.00 41.50 33.22 7.90 7.86 8.26 19.20 45.25 38.53 2.23 3.50 13.69 31.68 45.33 
31053 24 71.83 113.00 41.16 92.18 6.30 6.20 9.06 20.63 43.50 40.85 2.41 3.73 11.14 28.53 38.90 
31268 25 72.33 115.00 42.66 89.63 6.46 6.16 8.11 20.45 46.47 41.18 3.09 4.04 11.73 28.14 41.70 
31402 26 80.50 116.50 36.00 85.94 6.15 5.93 8.48 18.85 43.29 38.56 3.56 4.41 10.28 24.84 41.63 
31431 27 75.50 115.16 39.66 89.52 6.53 6.23 8.50 18.86 39.22 45.36 2.75 3.65 9.63 27.22 39.80 
31498 28 74.83 113.00 40.16 92.29 6.30 5.90 8.56 19.45 39.54 43.75 2.08 3.04 10.48 25.93 39.86 

Contd... 
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1. 2. 3. 	4. 5. 6. 7. 8. 9. 10.   11. 12. 13. 14. 15. 16. 17. 

31504 29 71.00 112.50 40.50 68.57 6.10 5.80 6.70 18.80 36.25 45.16 2.68 3.48 10.29 25.08 40.13 
31507 30 72.33 111.33 39.00 81.75 5.60 5.56 7.53 19.46 39.40 41.0E 1.98 2.81 10.04 23.97 42.16 
31539 31 73.83 114.00 40.16 92.37 7.46 6.80 8.15 1943 44.23 38.20 3.48 4.71 12.80 34.93 36.11 
31551 32 76.00 114.00 38.00 94.15 7.86 7.45 7.13 18.56 39.48 40.76 2.91 4.14 23.07 29.17 42.15 
31654 33 76.00 114.50 38.50 90.82 5.86 5.73 8.53 19.13 46.65 42.80 3.84 4.77 11.41 27.91 40.83 
31663 34 75.16 113.00 37.50 88.03 5.40 5.33 9.56 19.03 33.08 46.46 4.02 4.60 9.33 22.33 41.41 
31789 35 68.00 112.00 44.00 75.84 6.43 5.90 8.96 18.56 42.61 45.10 2.27 3.16 11.42 26.39 42.25 
31831 36 73.50 110.00 36.50 80.73 5.83 5.80 9.18 19.88 45.73 40.50 2.47 3.25 12.01 28.88 41.16 
31834 37 72.83 110.00 38.00 84.81 5.90 5.73 8.23 18.40 41.06 37.63 3.83 4.52 8.88 33.70 35.31 
31843 38 72.50 111.66 39.16 85.33 5.53 5.23 9.53 21.63 55.21 37.18 1.82 2.86 20.72 25.37 42.15 
32041 39 86.50 117.83 32.50 90.43 7.43 6.90 9.13 15.66 41.01 44.11 2.47 3.32 12.79 28.09 44.75 
32177 40 84.50 121.83 37.33 69.81 8.10 7.70 7.83 19.16 37.16 37.33 3.24 4.14 9.38 27.40 38.53 
Lok-1 41 68.00 111.16 43.16 84.33 9.20 8.13 8.30 16.06 31.45 59.86 2.90 3.84 14.88 32.26 45.95 
viri-147 42 68.00 111.66 43.66 83.65 7.70 7.73 8.13 19.70 41.64 47.05 2.82 3.83 15.47 32.43 47.65 

Sonalika 43 65.00 109.33 44.33 91.22 9.13 8.06 8.76 16.63 29.62 56.45 2.02 3.03 13.88 33.07 41.93 
J-405 44 69.83 112.66 42.83 96.37 7.20 6.90 8.96 19.20 40.94 41.76 2.84 3.75 12.22 28.59 42.66 
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