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INTRODUCTION

Drought is a world-wide problem seriously influencing global

crop production and it will become progressively important

due to the global climate change (Akbarian et al., 2011).

Drought is the most common environmental stress affecting

about 32% of 99 million hectares under wheat cultivation in

developing countries and at least 60 million hectares under

wheat cultivation in developed countries (Shamsi et al., 2011).

Therefore, most of the countries of the world are facing the

problem of drought. The insufficiency of water is the principal

environmental stress that causes heavy damage of agricultural

products in many parts of the world. Drought stress can reduce

grain yield, therefore, it has been estimated that average yield

loss of 17 to 70% in grain yield is due to drought stress

(Ahmadizadeh et al., 2011).

Morphological and agronomic traits of wheat have a special

role in determining the importance of each trait in increasing

yield, so these traits were used in breeding programs which at

least led to improving yield and introducing commercial

varieties that can withstand seasonal drought stress condition.
The most important criteria in any crop improvement
programme is the selection of genotypes with all possible
desirable yield contributing traits. Variability in genotypes for
grain yield and yield components traits forms the basic factor
to be considered while making selection. Heritability and
genetic advance are other important selection parameters. The
estimates of heritability and genetic advance as per cent of
mean help the plant breeder in determining the character for
which selection would be rewarding.

The knowledge about the extent and nature of inter relationship
among yield components provide a better understanding in
improving yield through selection. Grain yield, being a
complex character, is highly influenced by environment;
therefore, direct selection for yield would not give better results.
Indirect selection in such a situation is more effective. The
path coefficient analysis facilitates the partitioning of the
correlation coefficients into different components of direct
and indirect effects. Thus, study on association among different
character is very essential for developing effective selection
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criteria  (Singh et al., 2009). The present study was undertaken

with objective to assess the selection criteria for identifying

drought tolerance in bread wheat genotypes, so that suitable

genotypes can be selected based on drought tolerant traits.

MATERIALS AND METHODS

The present investigation was carried out in the fields located

at Wheat Breeding section, RAU, Pusa, Samastipur, Bihar

during rabi 2011-2012. The experimental site is located at

25.98ºN latitude and 85.67ºE longitudes and has altitude of

52.0m above mean sea level. The experimental materials of

the study comprised of 39 diverse bread wheat (Triticum

aestivum L.) genotypes. 39 genotypes were grown under two

environments viz., drought stress (rainfed) and irrigated (well

watered). The experiment in each environment was laid out in

Randomized Block Design (RBD) with three replications. In

each replication each genotype was grown in a plot of 6 rows

of 2 meter length each with a spacing of 22.5 cm between

rows and 10 cm between plants (within rows) in both sets of

experiment i.e. drought stress and irrigated conditions.

Genotypes were sown in field when adequate moisture was

available. After sowing of experiments, three irrigations were

applied to the irrigated experiment at crown root initiation

stage (CRI stage), late jointing stage and milking stage during

the growing season. Whereas the drought stress experiment

entirely depended on natural precipitation and no surface

irrigation was applied. However, it received 58.7 mm of rainfall

during December 2011 to April 2012, out of that about 49

mm rainfall was received during 20-25 days of sowing. Normal

agronomic practices like fertilizer application and weed control

were applied to both experiments. Five plants were selected

randomly from each plot for recording observations on traits

viz., days to fifty per cent flowering, days to maturity, plant

height, spike length, flag leaf area, relative water content (RWC),

chlorophyll content, canopy temperature, number of tillers

per plant, number of grains per spike, 1000 grain weight,

harvest index and grain yield per plant. Germination

percentage and seed vigour index (SVI) were recorded in

laboratory condition. Flag leaf length and width of five

randomly selected plants were taken by measuring scale and

flag leaf area was calculated by following formula (Muller,

1991)

Flag leaf area (cm2) = flag leaf length (cm) x flag leaf width (cm)

x correction factor

Where,

Correction factor = 0.74

Relative water content was calculated by the formula given by

Barr and Weatherley (1962).

Where, F.W. = Fresh weight of flag leaf

D.W. = Dry weight

T.W. = Turgid weight

Seed Vigour Index (SVI) was calculated from the following

formula (Chatterjee and Nagarajan, 2006)

Seed Vigour Index = Germination % x Seedling dry weight

Drought Susceptibility Index (DSI) was determined by following

formula (Fischer and Maurer, 1978). The formula is

Where,

Yr = Yield under drought stress condition

Yi = Yield under irrigated condition

Xr = Mean yield of all cultivars under drought stress condition

Xi = Mean yield of all cultivars under irrigated condition

The data were analyzed using WINDOSTAT version 8.6

software for computation of analysis of variance, genotypic

coefficient of variation (GCV), phenotypic coefficient of

variation (PCV), heritability in broad sense (h2

b
), correlation

coefficients and path coefficient analysis.

RESULTS AND DISCUSSION

Variability

In the present investigation, 39 diverse genotype of breed

wheat were studied to assess their drought tolerance in terms

of traits implicated in drought, yield and yield related traits.

The analysis of variance or estimates of MSS (table- 1) clearly

indicated that there was highly significant variation among the

genotypes for all the traits studied under both the

environments. This in turn indicated that there was sufficient

variability present in the material studied under both irrigated

and drought stress conditions, which could be utilized in

further breeding programme. In other words further analysis

of drought tolerance is meaningful as indicated by significant

mean sum of squares under drought stress condition i.e.,

rainfed condition. Interestingly, the magnitude of MSS of many

traits were more under drought stress condition than irrigated,

which indicated directly that the amount of variation for these

traits was more desirable under stress condition. More variation

under rainfed condition is expected as different genotypes

respond differentially under drought (stress condition). Many

earlier workers Ahmadizadeh et al. (2011), Farshadfar et al.

(2011) and Lonbani and Arzani (2011) reported high variability

for different traits in wheat.

The phenotypic variances for all the traits under studied were

higher than the genotypic variances (El-Kareem and El-Saidy,

2011).This may be due to the non-genetic factor which played

an important role in the manifestation of these characters.

Wide ranges of variance (phenotypic & genotypic) were

observed in the experimental material for all the characters

under investigation in both environments (Table 2). The

maximum phenotypic and genotypic variance exhibited by

the traits plant height, harvest index (HI), 1000 grain weight,

number of grains per spike and days to fifty per cent flowering

under both environments. These findings were in accordance

of Gupta et al. (2005), who also observed high variance for

yield and yield component traits among wheat genotypes.

Seed Vigour Index (SVI) also showed the high phenotypic and

genotypic variance. The relative water content (RWC) and

Chlorophyll content exhibited high genotypic and phenotypic

variance in rainfed condition indicating importance of these

characters in stress condition for further improvement. Similar

RWC = F.W. - D.W.
T.W. - D.W

X 100

DSI =
1 - Yr/ Yi

1 -Xr/ Xi
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results were obtained by Lonbani and Arzani (2011).

The assessment of heritable and non-heritable components

in the total variability observed is indispensable in adopting

suitable breeding procedure. In the present investigation, the

genotypic and phenotypic coefficient of variation (Table 2)

for number of tillers per plant was found high in both

environments, whereas grain yield per plant showed high GCV

and PCV in irrigated condition and moderate GCV and PCV

in rainfed condition. These results are in agreement with

Mondal and Kour (2004) for number of tillers per plant and

Shukla et al. (2000) for grain yield per plant. The results showed

that drought susceptibility index (DSI) exhibited very high GCV

and PCV, indicating the importance of this trait in evaluation

for drought tolerance and selecting the genotypes for drought

tolerance. In this study, the phenotypic and genotypic

coefficient of variance was found to be moderate for flag leaf

area , HI , 1000 grain weight and number of grains per spike

under both environments (irrigated and drought stress). Seed

vigour index recorded moderate GCV and PCV. Similar results

were also reported by Shukla et al. (2000) for harvest index

and 1000 grain weight; Mondal and Kour (2004) for number

of tillers per plant and 1000 grain weight. They found high

GCV and PCV for respective traits. These findings were clearly

indicated that selecting genotypes through these traits will be

effective for drought tolerance. It is interesting to note that the

differences between GCV and PCV values were minimum

implying least influence of environment and maximum additive

gene effects indicating genotypes can be improved and

selected for these characters under stress condition for

improvement of drought tolerance.

In this study, heritability in broad sense for all the characters

(Table 2) namely yield per plant, number of tillers per plant,

days to fifty per cent flowering, days to maturity, plant height,

spike length, flag leaf area, chlorophyll content, canopy

Table 1: Analysis of variance for different quantitative characters in bread wheat under both conditions

No. Characters Mean sum of squares

Replication Treatments Error

IR DS IR DS IR DS

1 Days to 50 % flowering 0.368 2.573 66.324** 84.507** 1.113 1.099

2 Days to maturity 3.496 7.547 43.805** 53.898** 2.364 3.503

3 Plant height (cm) 0.555 0.558 141.907** 143.239** 12.334 15.308

4 Spike length (cm) 0.090 0.017 4.451** 2.903** 0.237 0.283

5 Flag leaf Area (cm²) 1.345 0.185 44.756** 41.575** 1.745 16.792

6 Chlorophyll content (SPAD) 2.623 1.934 63.471** 65.777** 4.310 4.496

7 Canopy Temperature (°C) 0.176 0.044 3.722** 6.455** 0.232 0.284

8 RWC (%) 1.874 0.413 53.951** 93.987** 5.851 6.685

9 Number of Tillers/Plant 0.102 0.521 9.342** 8.178** 0.334 0.301

10 Number of Grains/ Spike 0.201 0.248 114.957** 44.976** 5.454 5.946

11 1000 Grain Weight (gm) 1.739 0.351 118.176** 104.667** 3.525 4.521

12 Harvest Index (%) 0.518 0.667 130.506** 89.495** 4.189 4.494

13 Grain Yield/ Plant (gm) 0.165 0.298 40.214** 15.046** 0.974 0.937

14 Drought Susceptibility Index 0.012 0.865** 0.053

Seedling Characters Implicated in Drought Tolerance

15 Germination percentage 1.547 16.771** 2.301

16 Seed Vigour Index 247.091 186496.406** 1276.213

**: Significance at 1 % level IR- Irrigated condition, DS- Drought stress condition

Table 2: Genetic parameters of various characters in bread wheat under both conditions

No. Characters σ2

g
σ2

p
GCV PCV h2 (Broad GA as % of

sense) % Mean

IR DS IR DS IR DS IR DS IR DS IR DS

1 Days to 50 % Flowering 21.74 27.80 22.85 28.90 6.54 7.60 6.70 7.75 95.13 96.26 13.13 15.35

2 Days to Maturity 13.81 16.80 16.18 20.30 3.22 3.76 3.48 4.14 85.39 82.74 6.13 7.05

3 Plant Height (cm) 43.19 42.64 55.53 57.95 7.57 8.13 8.59 9.47 77.79 73.59 13.76 14.36

4 Spike Length (cm) 1.40 0.87 1.64 1.16 11.30 9.49 12.22 10.92 85.58 75.53 21.53 16.99

5 Flag Leaf Area (cm²) 14.34 13.03 16.08 15.51 16.02 17.40 16.97 18.98 89.15 84.04 31.17 32.86

6 Chlorophyll Content (SPAD) 19.72 20.43 24.03 24.92 12.04 13.17 13.29 14.55 82.06 81.96 22.46 24.56

7 Canopy Temperature (°C) 1.16 2.06 1.40 2.34 5.87 6.98 6.43 7.45 83.38 87.88 11.05 13.48

8 RWC (%) 16.03 29.10 21.88 35.79 4.71 7.00 5.50 7.77 73.26 81.32 8.30 13.01

9 Number of Tillers/ Plant 3.00 2.63 3.34 2.93 19.48 24.36 20.54 25.72 90.00 89.71 38.07 47.53

10 Number of Grains/ Spike 36.50 13.01 41.95 18.96 13.17 8.89 14.12 10.73 87.00 68.63 25.31 15.17

11 1000 Grain Weight (gm) 38.22 33.38 41.74 37.90 13.87 14.69 14.50 15.66 91.56 88.07 27.34 28.41

12 Harvest Index (%) 42.11 28.33 46.29 32.83 14.12 13.02 14.81 14.02 90.95 86.31 27.74 24.93

13 Grain Yield/ Plant (gm) 13.08 4.70 14.05 5.64 22.57 17.85 23.39 19.55 93.07 83.39 44.85 33.58

14 Drought Susceptibility Index 0.27 0.32 56.63 61.88 83.76 106.78

Seedling characters implicated to drought tolerance

15 Germination % 4.82 7.12 2.35 2.86 67.70 3.99

16 Seed Vigour Index 61740.06 63016.28 14.69 14.84 97.97 29.96

IR- Irrigated condition, DS- Drought stress condition
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476

AKHILESH KUMAR SINGH et al.,

S
l.

 n
o

.
C

h
a
ra

c
te

rs
D

F
F

D
M

P
H

SL
FL

A
C

H
L

C
T

R
W

C
T

P
P

G
P

S
T

G
W

H
I

G
P

S
V

I
D

S
I

1
D

F
F

1

2
D

M
P

0
.7

8
9

*
*

1

G
0

.8
6

3
1

3
P

H
P

0
.1

7
9

0
.1

3
2

1

G
0

.2
3

9
0

.1
5

8
1

4
SL

P
0

.1
7

4
0

.1
2

0
-0

.0
7

2
1

G
0

.1
8

3
0

.1
7

3
-0

.0
2

1
1

5
FL

A
P

-0
.4

6
9

*
*

-0
.3

0
2

*
*

-0
.0

1
8

0
.1

6
6

1

G
-0

.5
2

4
-0

.3
3

0
0

.0
3

4
0

.2
2

7
1

6
C

H
L

P
0

.1
4

1
0

.1
7

1
-0

.2
3

8
*

*
0

.4
5

9
*

*
-0

.0
1

5
1

G
0

.1
5

2
0

.1
9

2
-0

.2
6

3
0

.5
3

5
-0

.0
1

2
1

7
C

T
P

0
.1

6
0

.1
3

6
-0

.0
5

0
-0

.2
0

8
*

-0
.3

2
5

*
*

-0
.2

4
1

*
*

1

G
0

.1
9

7
0

.1
7

8
-0

.0
5

6
-0

.2
4

9
-0

.4
0

0
-0

.3
1

8
1

8
R

W
C

P
-0

.1
4

5
-0

.0
9

9
-0

.1
5

5
0

.4
1

6
*

*
0

.5
2

6
*

*
0

.4
9

8
*

*
-0

.6
5

5
*

*
1

G
-0

.1
7

1
-0

.1
1

5
-0

.1
6

7
0

.5
7

7
0

.6
3

7
0

.5
5

7
-0

.7
7

5
1

9
T

P
P

P
-0

.1
2

8
-0

.1
2

9
-0

.1
3

0
0

.3
8

9
*

*
0

.4
8

5
*

*
0

.4
2

2
*

*
-0

.6
0

1
*

*
0

.7
3

0
*

*
1

G
-0

.1
3

8
-0

.1
4

5
-0

.1
3

8
0

.4
5

0
0

.5
6

7
0

.4
6

8
-0

.6
6

5
0

.8
3

4
1

1
0

G
P

S
P

0
.1

0
2

0
.1

1
4

-0
.1

6
0

0
.4

7
8

*
*

0
.3

5
4

*
*

0
.3

1
8

*
*

-0
.2

1
0

*
0

.5
1

2
*

*
0

.5
0

2
*

*
1

G
0

.1
3

6
0

.1
6

4
-0

.3
0

7
0

.7
4

4
0

.4
6

3
0

.3
9

9
-0

.3
1

9
0

.6
3

7
0

.6
5

4
1

1
1

T
G

W
P

-0
.3

2
7

*
*

-0
.1

6
2

0
.1

1
6

0
.4

0
4

*
*

0
.5

1
5

*
*

0
.3

6
5

*
*

-0
.4

6
6

*
*

0
.6

0
4

*
*

0
.5

2
0

*
*

0
.1

2
6

1

G
-0

.3
7

1
-0

.2
1

0
0

.1
4

2
0

.4
7

4
0

.6
3

1
0

.3
8

1
-0

.5
0

6
0

.6
7

9
0

.5
5

2
0

.1
6

9
1

1
2

H
I

P
-0

.1
0

0
-0

.0
7

6
-0

.1
6

4
0

.4
5

0
*

*
0

.3
9

0
*

*
0

.5
0

7
*

*
-0

.5
8

0
*

*
0

.7
5

9
*

*
0

.6
6

4
*

*
0

.4
0

5
*

*
0

.5
5

8
*

*
1

G
-0

.1
0

3
-0

.1
0

0
-0

.1
7

7
0

.5
6

2
0

.4
7

1
0

.6
3

8
-0

.6
4

5
0

.9
0

4
0

.7
6

3
0

.5
5

9
0

.6
3

7
1

1
3

G
P

P
-0

.1
4

1
-0

.2
0

0
*

0
.0

9
6

0
.0

3
6

0
.1

0
3

0
.1

4
0

-0
.2

7
3

*
*

0
.1

9
2

*
0

.3
0

5
*

*
-0

.0
1

0
0

.1
3

6
0

.3
0

1
*

*
1

G
-0

.1
5

4
-0

.2
5

3
0

.1
6

8
0

.0
5

8
0

.1
5

0
0

.1
5

9
-0

.4
0

4
0

.2
7

9
0

.3
8

2
-0

.0
6

9
0

.2
0

4
0

.3
9

7
1

1
4

S
V

I
P

-0
.2

4
0

*
*

-0
.1

4
2

-0
.3

0
0

*
*

0
.4

9
2

*
*

0
.4

6
0

*
*

0
.3

4
0

*
*

-0
.3

7
1

*
*

0
.6

3
6

*
*

0
.5

1
7

*
*

0
.5

4
5

*
*

0
.3

6
0

*
*

0
.5

4
3

*
*

0
.0

8
1

1

G
-0

.2
4

5
-0

.1
5

0
-0

.3
6

3
0

.5
7

7
0

.5
2

2
0

.3
8

1
-0

.4
0

7
0

.7
0

9
0

.5
5

7
0

.6
5

5
0

.3
9

3
0

.5
9

2
0

.0
3

7
1

1
5

D
S
I

P
0

.2
1

1
*

0
.2

4
4

*
*

-0
.1

0
5

0
.3

5
2

*
*

-0
.2

3
2

*
0

.2
2

5
*

0
.4

4
0

*
*

-0
.1

1
2

-0
.2

1
5

*
0

.1
4

8
-0

.0
3

9
-0

.0
5

8
-0

.1
1

0
0

.1
8

1
1

G
0

.2
3

8
0

.3
0

2
-0

.1
3

0
0

.4
7

7
-0

.2
6

6
0

.2
5

5
0

.4
9

7
-0

.1
4

1
-0

.2
5

3
0

.1
9

3
-0

.0
5

8
-0

.0
4

1
-0

.1
5

7
0

.2
0

3
1

1
6

G
Y

P
-0

.1
8

6
*

-0
.0

9
3

-0
.1

5
1

0
.4

7
2

*
*

0
.5

2
8

*
*

0
.4

6
7

*
*

-0
.6

7
3

*
*

0
.7

6
8

*
*

0
.8

0
5

*
*

0
.4

9
8

*
*

0
.6

0
5

*
*

0
.7

6
5

*
*

0
.2

0
4

*
0

.6
0

0
*

*
-0

.1
7

7

G
-0

.2
0

9
-0

.1
1

3
-0

.2
2

1
0

.5
8

5
0

.5
9

3
0

.6
0

4
-0

.7
6

0
0

.9
4

9
0

.9
4

0
0

.6
9

6
0

.7
1

4
0

.8
5

4
0

.3
5

5
0

.6
7

1
-0

.1
0

4

*
*
 S

ig
n
if
ic

an
t a

t 1
 %

 le
ve

l  
 =

 0
.2

3
7
 *

Si
gn

if
ic

an
t a

t 5
 %

 le
ve

l  
=

 0
.1

8
2
  P

- P
h
en

o
ty

p
ic

 c
o
rr

el
at

io
n
, G

- G
en

o
ty

p
ic

 c
o
rr

el
at

io
n

A
b
b
re

vi
at

io
n
s:

 C
H

L-
 c

h
lo

ro
p
h
yl

l c
o
n
te

n
t,
 C

T
- c

an
o
p
y 

te
m

p
er

at
u
re

, D
FF

- d
ay

s 
to

 fi
ft
y 

p
er

 c
en

t f
lo

w
er

in
g,

 D
M

- d
ay

s 
to

 m
at

u
ri
ty

, D
SI

- d
ro

u
gh

t s
u
sc

ep
ti
b
il
it
y 

in
d
ex

, F
LA

- f
la

g 
le

af
 a

re
a,

 G
P
- g

er
m

in
at

io
n
 p

er
ce

n
ta

ge
, G

P
S-

n
u
m

b
er

 o
f g

ra
in

s 
p
er

 s
p
ik

e,

G
Y

- g
ra

in
 y

ie
ld

 p
er

 p
la

n
t,
 H

I-
 h

ar
ve

st
 in

d
ex

, P
H

- p
la

n
t h

ei
gh

t,
 R

W
C

- r
el

at
iv

e 
w

at
er

 c
o
n
te

n
t,
 S

L-
 s
p
ik

e 
le

n
gt

h
, S

V
I-
 s
ee

d
 v

ig
o
u
r 
in

d
ex

, T
G

W
- 1

0
0
0
 g

ra
in

 w
ei

gh
t,
 T

P
P
- n

u
m

b
er

 o
f t

il
le

rs
 p

er
 p

la
n
t.

T
a
b

le
 3

: 
G

e
n

o
ty

p
ic

 a
n

d
 p

h
e
n

o
ty

p
ic

 c
o

rr
e
la

ti
o

n
 c

o
e
ff

ic
ie

n
t 

fo
r 

si
x
te

e
n

 c
h

a
ra

c
te

rs
 i

n
 b

re
a
d

 w
h

e
a
t 

u
n

d
e
r 

d
ro

u
g
h

t 
st

re
ss

 c
o

n
d

it
io

n



477

S
l 

n
o

 C
h

a
ra

c
te

rs
D

F
F

D
M

P
H

SL
FL

A
C

H
L

C
T

R
W

C
T

P
P

G
P

S
T

G
W

H
I

G
P

 S
V

I

1
D

F
F

1

2
D

M
P

0
.5

4
6

*
*

1

G
0

.6
1

0
1

3
P

H
P

0
.0

8
2

0
.0

7
1

1

G
0

.1
2

4
0

.0
7

1
1

4
SL

P
0

.2
1

4
*

0
.0

2
1

-0
.0

2
4

1

G
0

.2
3

5
0

.0
2

1
-0

.0
4

4
1

5
FL

A
P

-0
.3

1
6

*
*

-0
.0

8
0

-0
.1

1
0

0
.3

8
8

*
*

1

G
-0

.3
4

5
-0

.1
1

4
-0

.1
2

6
0

.4
5

6
1

6
C

H
L

P
0

.1
8

8
*

-0
.0

4
1

-0
.0

2
7

0
.6

2
0

*
*

0
.1

8
0

1

G
0

.2
1

9
-0

.0
7

2
-0

.0
0

5
0

.7
5

5
0

.1
9

1
1

7
C

T
P

-0
.0

1
9

-0
.0

3
5

0
.2

3
4

*
-0

.6
4

5
*

*
-0

.4
3

8
*

*
-0

.5
1

4
*

*
1

G
-0

.0
3

2
-0

.0
0

5
0

.2
9

4
-0

.7
7

0
-0

.5
1

4
-0

.6
5

4
1

8
R

W
C

P
-0

.0
5

3
-0

.0
2

0
-0

.2
5

1
*

*
0

.5
5

7
*

*
0

.3
6

9
*

*
0

.4
9

5
*

*
-0

.7
5

6
*

*
1

G
-0

.0
6

3
-0

.0
3

9
-0

.3
2

2
0

.7
2

7
0

.4
8

3
0

.6
7

7
-0

.9
3

5
1

9
T

P
P

P
0

.0
3

4
0

.0
5

3
-0

.1
0

2
0

.5
8

2
*

*
0

.4
1

5
*

*
0

.4
5

7
*

*
-0

.5
8

5
*

*
0

.5
6

9
*

*
1

G
0

.0
1

9
0

.0
6

2
-0

.1
3

3
0

.6
7

6
0

.4
9

5
0

.5
7

3
-0

.6
8

7
0

.6
4

7
1

1
0

G
P

S
P

0
.1

7
1

0
.0

2
0

-0
.0

8
8

0
.6

1
9

*
*

0
.3

7
6

*
*

0
.5

2
5

*
*

-0
.5

5
8

*
*

0
.4

9
9

*
*

0
.6

7
2

*
*

1

G
0

.1
8

5
0

.0
3

4
-0

.0
8

5
0

.7
1

4
0

.4
3

4
0

.6
1

7
-0

.6
4

6
0

.6
5

7
0

.7
4

8
1

1
1

T
G

W
P

-0
.2

4
6

*
*

-0
.1

1
7

0
.0

4
4

0
.4

8
9

*
*

0
.5

1
6

*
*

0
.6

1
1

*
*

-0
.5

2
0

*
*

0
.5

1
0

*
*

0
.4

0
3

*
*

0
.3

7
3

*
*

1

G
-0

.2
5

2
-0

.1
3

7
0

.0
5

1
0

.5
5

8
0

.5
5

8
0

.6
6

0
-0

.5
7

8
0

.6
4

4
0

.4
6

8
0

.4
2

6
1

1
2

H
I

P
0

.0
8

4
0

.0
0

1
-0

.0
4

4
0

.7
0

7
*

*
0

.3
6

6
*

*
0

.6
8

7
*

*
-0

.7
0

2
*

*
0

.7
4

5
*

*
0

.6
3

2
*

*
0

.6
4

4
*

*
0

.6
3

2
*

*
1

G
0

.0
9

6
-0

.0
1

1
-0

.0
7

1
0

.7
8

0
0

.4
0

6
0

.7
8

0
-0

.8
2

6
0

.8
6

9
0

.7
0

9
0

.7
3

5
0

.6
8

7
1

1
3

G
P

P
-0

.1
4

0
-0

.0
6

5
0

.1
2

1
0

.0
2

8
0

.0
1

2
0

.0
9

4
-0

.1
9

6
*

0
.2

2
6

*
0

.1
1

5
-0

.0
4

0
0

.1
8

4
*

0
.2

4
9

*
*

1

G
-0

.2
1

3
-0

.1
4

1
0

.1
6

6
0

.0
3

1
-0

.0
2

3
0

.1
9

2
-0

.2
4

9
0

.2
6

5
0

.1
3

4
-0

.0
6

2
0

.2
5

0
0

.2
9

3
1

1
4

S
V

I
P

-0
.1

3
2

-0
.0

2
4

-0
.3

3
5

*
*

0
.4

9
5

*
*

0
.6

1
4

*
*

0
.3

2
4

*
*

-0
.5

8
3

*
*

0
.5

8
3

*
*

0
.5

1
7

*
*

0
.5

0
2

*
*

0
.3

4
0

*
*

0
.5

0
9

*
*

0
.0

8
1

1

G
-0

.1
4

1
-0

.0
3

7
-0

.3
8

6
0

.5
3

2
0

.6
5

2
0

.3
8

4
-0

.6
4

1
0

.6
6

7
0

.5
4

5
0

.5
3

5
0

.3
6

6
0

.5
3

9
0

.0
3

7
1

1
5

G
Y

P
0

.0
5

8
-0

.0
1

2
-0

.1
2

8
0

.7
4

9
*

*
0

.4
7

3
*

*
0

.6
6

8
*

*
-0

.7
8

4
*

*
0

.6
8

0
*

*
0

.7
9

1
*

*
0

.7
8

8
*

*
0

.6
4

3
*

*
0

.7
9

7
*

*
0

.0
9

3
0

.5
8

6
*

*

G
0

.0
6

9
0

.0
2

7
-0

.1
6

5
0

.8
2

2
0

.5
4

2
0

.7
7

7
-0

.8
7

3
0

.8
4

6
0

.8
6

1
0

.8
7

0
0

.7
0

1
0

.8
7

7
0

.1
6

4
0

.6
1

9

*
*
 S

ig
n
if
ic

an
t a

t 1
 %

 le
ve

l =
 0

.2
3
7
 *

Si
gn

if
ic

an
t a

t 5
 %

 le
ve

l =
 0

.1
8
2
 P

- P
h
en

o
ty

p
ic

 c
o
rr

el
at

io
n
, G

- G
en

o
ty

p
ic

 c
o
rr

el
at

io
n

T
a
b

le
 4

: 
G

e
n

o
ty

p
ic

 a
n

d
 p

h
e
n

o
ty

p
ic

 c
o

rr
e
la

ti
o

n
 c

o
e
ff

ic
ie

n
t 

fo
r 

fi
ft

e
e
n

 c
h

a
ra

c
te

rs
 i

n
 b

re
a
d

 w
h

e
a
t 

u
n

d
e
r 

ir
ri

g
a
te

d
 c

o
n

d
it

io
n

MORPHO-PHYSIOLOGICAL CHARACTERS IN BREAD WHEAT (TRITICUM AESTIVUM L.)



478

T
a
b

le
 5

B
: 

G
e
n

o
ty

p
ic

 p
a
th

 c
o

e
ff

ic
ie

n
t 

a
n

a
ly

si
s 

o
f 

fi
ft

e
e
n

 c
h

a
ra

c
te

rs
 o

n
 g

ra
in

 y
ie

ld
 i

n
 b

re
a
d

 w
h

e
a
t 

u
n

d
e
r 

d
ro

u
g
h

t 
st

re
ss

 c
o

n
d

it
io

n

S
l.

 N
o

.
C

h
a
ra

c
te

rs
D

F
F

D
M

P
H

SL
FL

A
C

H
L

C
T

R
W

C
T

P
P

G
P

S
T

G
W

H
I

G
P

S
V

I
D

S
I

1
D

F
F

0
.0

5
5

0
.0

4
8

0
.0

1
3

0
.0

1
0

-0
.0

2
9

0
.0

0
8

0
.0

1
1

-0
.0

1
0

-0
.0

0
8

0
.0

0
8

-0
.0

2
1

-0
.0

0
6

-0
.0

0
9

-0
.0

1
4

0
.0

1
3

2
D

M
0

.0
3

2
0

.0
3

7
0

.0
0

6
0

.0
0

6
-0

.0
1

2
0

.0
0

7
0

.0
0

7
-0

.0
0

4
-0

.0
0

5
0

.0
0

6
-0

.0
0

8
-0

.0
0

4
-0

.0
0

9
-0

.0
0

6
0

.0
1

1

3
P

H
-0

.0
6

1
-0

.0
4

0
-0

.2
5

3
0

.0
0

5
-0

.0
0

9
0

.0
6

7
0

.0
1

4
0

.0
4

2
0

.0
3

5
0

.0
7

8
-0

.0
3

6
0

.0
4

5
-0

.0
4

3
0

.0
9

2
0

.0
3

3

4
SL

0
.0

3
1

0
.0

2
9

-0
.0

0
4

0
.1

6
8

0
.0

3
8

0
.0

9
0

-0
.0

4
2

0
.0

9
7

0
.0

7
6

0
.1

2
5

0
.0

8
0

0
.0

9
5

0
.0

1
0

0
.0

9
7

0
.0

8
0

5
FL

A
-0

.1
8

7
-0

.1
1

8
0

.0
1

2
0

.0
8

1
0

.3
5

6
-0

.0
0

4
-0

.1
4

2
0

.2
2

7
0

.2
0

2
0

.1
6

5
0

.2
2

5
0

.1
6

8
0

.0
5

4
0

.1
8

6
-0

.0
9

5

6
C

H
L

0
.0

1
6

0
.0

2
1

-0
.0

2
8

0
.0

5
8

-0
.0

0
1

0
.1

0
8

-0
.0

3
4

0
.0

6
0

0
.0

5
0

0
.0

4
3

0
.0

4
1

0
.0

6
9

0
.0

1
7

0
.0

4
1

0
.0

2
7

7
C

T
-0

.1
0

6
-0

.0
9

6
0

.0
3

1
0

.1
3

4
0

.2
1

6
0

.1
7

2
-0

.5
4

0
0

.4
1

9
0

.3
5

9
0

.1
7

2
0

.2
7

3
0

.3
4

8
0

.2
1

8
0

.2
2

0
-0

.2
6

8

8
R

W
C

0
.0

2
9

0
.0

2
0

0
.0

2
9

-0
.0

9
9

-0
.1

0
9

-0
.0

9
6

0
.1

3
3

-0
.1

7
2

-0
.1

4
3

-0
.1

0
9

-0
.1

1
7

-0
.1

5
5

-0
.0

4
8

-0
.1

2
2

0
.0

2
4

9
T

P
P

-0
.0

9
1

-0
.0

9
6

-0
.0

9
1

0
.2

9
8

0
.3

7
4

0
.3

0
9

-0
.4

3
9

0
.5

5
1

0
.6

6
1

0
.4

3
2

0
.3

6
5

0
.5

0
4

0
.2

5
3

0
.3

6
8

-0
.1

6
7

1
0

G
P

S
-0

.0
2

8
-0

.0
3

3
0

.0
6

2
-0

.1
5

1
-0

.0
9

4
-0

.0
8

1
0

.0
6

5
-0

.1
3

0
-0

.1
3

3
-0

.2
0

3
-0

.0
3

4
-0

.1
1

4
0

.0
1

4
-0

.1
3

3
-0

.0
3

9

1
1

T
G

W
-0

.0
1

0
-0

.0
0

6
0

.0
0

4
0

.0
1

2
0

.0
1

6
0

.0
1

0
-0

.0
1

3
0

.0
1

8
0

.0
1

4
0

.0
0

4
0

.0
2

6
0

.0
1

7
0

.0
0

5
0

.0
1

0
-0

.0
0

2

1
2

H
I

0
.0

0
1

0
.0

0
1

0
.0

0
1

-0
.0

0
5

-0
.0

0
4

-0
.0

0
5

0
.0

0
5

-0
.0

0
7

-0
.0

0
6

-0
.0

0
5

-0
.0

0
5

-0
.0

0
8

-0
.0

0
3

-0
.0

0
5

0
.0

0
0

1
3

G
P

0
.0

0
8

0
.0

1
3

-0
.0

0
9

-0
.0

0
3

-0
.0

0
8

-0
.0

0
8

0
.0

2
1

-0
.0

1
5

-0
.0

2
0

0
.0

0
4

-0
.0

1
1

-0
.0

2
1

-0
.0

5
3

-0
.0

0
2

0
.0

0
8

1
4

S
V

I
0

.0
3

0
0

.0
1

8
0

.0
4

4
-0

.0
7

0
-0

.0
6

3
-0

.0
4

6
0

.0
4

9
-0

.0
8

6
-0

.0
6

8
-0

.0
7

9
-0

.0
4

8
-0

.0
7

2
-0

.0
0

5
-0

.1
2

1
-0

.0
2

5

1
5

D
S
I

0
.0

7
0

0
.0

8
9

-0
.0

3
8

0
.1

4
0

-0
.0

7
8

0
.0

7
5

0
.1

4
6

-0
.0

4
1

-0
.0

7
4

0
.0

5
7

-0
.0

1
7

-0
.0

1
2

-0
.0

4
6

0
.0

6
0

0
.2

9
4

1
6

G
Y

-0
.2

0
9

-0
.1

1
3

-0
.2

2
1

0
.5

8
5

0
.5

9
3

0
.6

0
4

-0
.7

6
0

0
.9

4
9

0
.9

4
0

0
.6

9
6

0
.7

1
4

0
.8

5
4

0
.3

5
5

0
.6

7
1

-0
.1

0
4

R
es

id
u
al

 e
ff
ec

t =
 0

.1
4
8
7

T
a
b

le
 5

A
: 

P
h

e
n

o
ty

p
ic

 p
a
th

 c
o

e
ff

ic
ie

n
t 

a
n

a
ly

si
s 

o
f 

fi
ft

e
e
n

 c
h

a
ra

c
te

rs
 o

n
 g

ra
in

 y
ie

ld
 i

n
 b

re
a
d

 w
h

e
a
t 

u
n

d
e
r 

d
ro

u
g
h

t 
st

re
ss

 c
o

n
d

it
io

n

S
l.

 N
o

.
C

h
a
ra

c
te

rs
D

F
F

D
M

P
H

SL
FL

A
C

H
L

C
T

R
W

C
T

P
P

G
P

S
T

G
W

H
I

G
P

S
V

I
D

S
I

1
D

F
F

-0
.1

2
6

-0
.1

0
0

-0
.0

2
3

-0
.0

2
2

0
.0

5
9

-0
.0

1
8

-0
.0

2
1

0
.0

1
8

0
.0

1
6

-0
.0

1
3

0
.0

4
1

0
.0

1
3

0
.0

1
8

0
.0

3
0

-0
.0

2
7

2
D

M
0

.0
9

1
0

.1
1

5
0

.0
1

5
0

.0
1

4
-0

.0
3

5
0

.0
2

0
0

.0
1

6
-0

.0
1

1
-0

.0
1

5
0

.0
1

3
-0

.0
1

9
-0

.0
0

9
-0

.0
2

3
-0

.0
1

6
0

.0
2

8

3
P

H
-0

.0
0

5
-0

.0
0

4
-0

.0
3

0
0

.0
0

2
0

.0
0

1
0

.0
0

7
0

.0
0

2
0

.0
0

5
0

.0
0

4
0

.0
0

5
-0

.0
0

3
0

.0
0

5
-0

.0
0

3
0

.0
0

9
0

.0
0

3

4
SL

0
.0

1
7

0
.0

1
2

-0
.0

0
7

0
.0

9
7

0
.0

1
6

0
.0

4
5

-0
.0

2
0

0
.0

4
1

0
.0

3
8

0
.0

4
7

0
.0

3
9

0
.0

4
4

0
.0

0
4

0
.0

4
8

0
.0

3
4

5
FL

A
-0

.0
4

3
-0

.0
2

8
-0

.0
0

2
0

.0
1

5
0

.0
9

1
-0

.0
0

1
-0

.0
3

0
0

.0
4

8
0

.0
4

4
0

.0
3

2
0

.0
4

7
0

.0
3

6
0

.0
0

9
0

.0
4

2
-0

.0
2

1

6
C

H
L

0
.0

1
1

0
.0

1
4

-0
.0

1
9

0
.0

3
6

-0
.0

0
1

0
.0

7
9

-0
.0

1
9

0
.0

3
9

0
.0

3
3

0
.0

2
5

0
.0

2
9

0
.0

4
0

0
.0

1
1

0
.0

2
7

0
.0

1
8

7
C

T
-0

.0
3

4
-0

.0
2

8
0

.0
1

0
0

.0
4

3
0

.0
6

7
0

.0
5

0
-0

.2
0

6
0

.1
3

5
0

.1
2

4
0

.0
4

3
0

.0
9

6
0

.1
1

9
0

.0
5

6
0

.0
7

6
-0

.0
9

1

8
R

W
C

0
.0

0
7

0
.0

0
5

0
.0

0
8

-0
.0

2
1

-0
.0

2
6

-0
.0

2
5

0
.0

3
3

-0
.0

5
0

-0
.0

3
7

-0
.0

2
6

-0
.0

3
0

-0
.0

3
8

-0
.0

1
0

-0
.0

3
2

0
.0

0
6

9
T

P
P

-0
.0

4
3

-0
.0

4
3

-0
.0

4
4

0
.1

3
0

0
.1

6
2

0
.1

4
1

-0
.2

0
1

0
.2

4
4

0
.3

3
4

0
.1

6
8

0
.1

7
4

0
.2

2
2

0
.1

0
2

0
.1

7
3

-0
.0

7
2

1
0

G
P

S
0

.0
0

7
0

.0
0

8
-0

.0
1

1
0

.0
3

3
0

.0
2

5
0

.0
2

2
-0

.0
1

5
0

.0
3

6
0

.0
3

5
0

.0
7

0
0

.0
0

9
0

.0
2

8
-0

.0
0

1
0

.0
3

8
0

.0
1

0

1
1

T
G

W
-0

.0
2

2
-0

.0
1

1
0

.0
0

8
0

.0
2

7
0

.0
3

5
0

.0
2

5
-0

.0
3

1
0

.0
4

1
0

.0
3

5
0

.0
0

9
0

.0
6

7
0

.0
3

8
0

.0
0

9
0

.0
2

4
-0

.0
0

3

1
2

H
I

-0
.0

2
5

-0
.0

1
9

-0
.0

4
0

0
.1

1
0

0
.0

9
6

0
.1

2
4

-0
.1

4
2

0
.1

8
6

0
.1

6
3

0
.0

9
9

0
.1

3
7

0
.2

4
5

0
.0

7
4

0
.1

3
3

-0
.0

1
4

1
3

G
P

0
.0

0
8

0
.0

1
1

-0
.0

0
5

-0
.0

0
2

-0
.0

0
6

-0
.0

0
8

0
.0

1
5

-0
.0

1
1

-0
.0

1
7

0
.0

0
1

-0
.0

0
7

-0
.0

1
7

-0
.0

5
5

-0
.0

0
5

0
.0

0
6

1
4

S
V

I
-0

.0
1

6
-0

.0
0

9
-0

.0
1

9
0

.0
3

2
0

.0
3

0
0

.0
2

2
-0

.0
2

4
0

.0
4

1
0

.0
3

3
0

.0
3

5
0

.0
2

3
0

.0
3

5
0

.0
0

5
0

.0
6

4
0

.0
1

2

1
5

D
S
I

-0
.0

1
4

-0
.0

1
6

0
.0

0
7

-0
.0

2
3

0
.0

1
5

-0
.0

1
5

-0
.0

2
9

0
.0

0
7

0
.0

1
4

-0
.0

1
0

0
.0

0
3

0
.0

0
4

0
.0

0
7

-0
.0

1
2

-0
.0

6
6

1
6

G
Y

-0
.1

8
6

*
-0

.0
9

3
-0

.1
5

1
0

.4
7

2
*

*
0

.5
2

8
*

*
0

.4
6

7
*

*
-0

.6
7

3
*

*
0

.7
6

8
*

*
0

.8
0

5
*

*
0

.4
9

8
*

*
0

.6
0

5
*

*
0

.7
6

5
*

*
0

.2
0

4
*

0
.6

0
0

*
*

-0
.1

7
7

R
es

id
u
al

 e
ff
ec

t =
 0

.4
2
4
9

AKHILESH KUMAR SINGH et al.,



479

temperature, RWC, number of grains per spike, 1000 grain

weight and harvest index were found high in both

environments. The seedling characters viz., germination

percentage and SVI also exhibited high heritability. High

heritability value for these traits indicated that the variation

observed was mainly under genetic control and was less

influenced by environment. So, these traits may be used as a

selection criteria under stress and improved for drought

tolerance in confirmation with the result of Esmail et al. (2008)

who also noticed high heritability value for days to fifty per

cent flowering, flag leaf area, number of grains per spike, 1000

grains weight and grain yield per plant. Farshadfar et al. (2011)

reported high heritability for RWC; Sharma and Kumar (2010)

recorded high heritability for number of grains per spike and

grain yield per plant. Lush (1949) pointed out that when

heritability was high, relevance should be mainly on mass

selection or as heritability become lower, more emphasis

should be placed on pedigree selection method.

Heritability estimates are useful in deciding the character to be

considered while making selection, but selection based on

this factor alone may limit the progress, as it is prone for changes

with environment, material etc., (Johnson et al., 1955; Athwal

and Gain Singh.1966). In other words, estimates of heritability

have a role to play in determining the effectiveness of selection

for a character, provided they are considered in conjugation

with the genetic advance as per cent of mean as suggested by

Johnson et al. (1955). In the present investigation, the

characters, namely grain yield per plant, number of tillers per

plant, flag leaf area, chlorophyll content, 1000 grain weight

and HI had showed high heritability coupled with high genetic

advance as per cent of mean under both environments (Table

2). Hence, direct selection can be done through these

characters for future improvement of genotypes under drought

stress condition (rainfed condition) for improvement of

drought tolerance and under irrigated condition for higher

grain yield. Similar results were also reported by earlier workers

Mondal and Kour (2004) for flag leaf area, number of tillers

per plant and grain yield; Gupta et al. (2005) for 1000 grain

weight grain yield and flag leaf area; El-Kareem and El-Saidy

(2011) for grain yield per plant, 1000 grain weight and HI. The

SVI and DSI depicted high heritability coupled with high

genetic advance as per cent of mean. The high heritability

associated with high genetic advance indicated, the variation

was mostly due to additive gene effects. It indicates that if

these characters are subjected to any selection scheme for

exploiting fixable genetic variance, a wide adopted genotype

can be developed.

The number of grains per spike and spike length revealed

high heritability with high genetic advance as per cent of mean

under irrigated condition, whereas high heritability with

medium genetic advance as per cent of mean in drought

condition. RWC exhibited high heritability with low genetic

advance as per cent of mean in irrigated condition , whereas

high heritability with medium genetic advance as per cent of

mean under rainfed condition suggesting future improvement

of genotypes for these characters for further selection and

subsequent use in drought related breeding programme. High

heritability coupled with moderate genetic advance as per

cent of mean were observed for traits viz., days to fifty per cent

flowering, plant height and canopy temperature under both

environments (Drought stress and Irrigated). These traits

indicated that their manifestation is governed by both additive

and non-additive genetic effects and therefore, selection should

be practiced in later segregating generations i.e. by

hybridization programme to exploit heritability. Other traits

viz., days to maturity and germination percentage exhibited

high heritability along with low genetic advance, indicating

greater role of non-fixable genetic effects on the expression of

these characters. Therefore, direct selection based on these

characters would be less effective.

Association analysis

The results of association analysis (Table 3) between the traits

indicate that grain yield per plant was negatively correlation

with days to fifty per cent flowering and days to maturity at

genotypic and phenotypic level under stress condition. It

indicated that earliness enabled the cultivars to escape drought

at the end of the growing season (Yazdi-Samadi and Hosseini,

2002) under stress condition. Thus, early maturing genotypes

preferred as indicated by negative correlation of days to fifty

per cent flowering and days to maturity as water is limited. The

correlation of all the characters under drought stress and

irrigated conditions were tabulated in Table 3 and Table 4,

respectively. Grain yield per plant exhibited significant positive

association with number of tillers per plant, relative water

content (RWC), 1000 grain weight, number of grains per spike

and flag leaf area in both environments. These results were in

accordance with the findings of Muhammad et al. (2007) and

Saleh (2011). El- Mohsen et al. (2012) and El-Ameen et al.

(2013) reported significant positive correlation of grain yield

with spike length, number of grains per spike and 1000 grain

weight. Guendouz et al. (2013) observed strong positive

correlation of number of grains per spike with grain yield per

plant. Grain yield per plant also recorded strong positive

association with seed vigour index (SVI), chlorophyll content

and harvest index, while strong negative associated with

canopy temperature in both environments. Bahar et al. (2011)

observed also negative correlation of grain yield with canopy

temperature in contrast to Naroui-Rad et al. (2010), who

reported the positive association of grain yield with canopy

temperature.

Spike length exhibited significant positive association with

number of grains per spike, 1000 grains weight and HI in both

environments (Irrigated and Rainfed). Similar result was

obtained by Singh et al. (2001). El-Ameen et al. (2013) also

reported strong positive association among spike length, 1000

grain weight and number of grains per spike. Spike length also

depicted positive correlation with chlorophyll content and

RWC, whereas negatively correlated with canopy temperature.

Flag leaf area depicted strong positive association with 1000

grain weight, number of tillers per plant and HI, although it

showed negative correlation with the traits canopy temperature

in both environments. Chlorophyll content also exhibited

strong positive association with HI, number of grains per spike

and 1000 grain weight, whereas it also showed negative

correlation with canopy temperature in both conditions.

Similar result was also reported by Bhutta (2006) for number

of tillers per plant. It is clear that genotypes with larger flag leaf

area can maintain high transpiration and photosynthetic rate

MORPHO-PHYSIOLOGICAL CHARACTERS IN BREAD WHEAT (TRITICUM AESTIVUM L.)
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as well as produce a high yield under both moisture-stress

and irrigated conditions.

Under stress condition, canopy temperature revealed strong

negative association with grain yield per plant and RWC,

whereas it showed significant positive correlation with drought

susceptibility index (DSI). It indicated that elevated canopy

temperature accompanied yield reduction under water stress

condition; apparently because plants could not maintain

adequate transpiration rates and transpiration cooling was

reduced. These findings were in agreement of Talebi (2011).

Canopy temperature also exhibited negative association with

1000 grain weight, HI and SVI in both environments. Blum et

al. (1989) used canopy temperatures in drought stresses wheat

genotypes to characterize yield stability under various moisture

conditions. RWC was one of useful traits under water stress

condition that showed maximum positive correlation with

grain yield per plant and it also recorded significant positive

association with HI, 1000 grain weight, number of grains per

spike and number of tillers per plant. Similarly, Zarei et al.

(2013) also recorded positive correlation of RWC with HI,

number of tillers per plant, number of grains per spike and

1000 grain weight. It also recorded positive and significant

correlation with chlorophyll content. It revealed that varieties

with higher RWC under stress condition are more droughts

tolerant and produce higher yield than others. The finding of

present study supports the possibility that RWC could be used

as indicator of drought resistance. Similar direction of

association of RWC was recorded with other traits in irrigated

condition also, only extent of association varied in both

conditions. Number of tillers per plant depicted positive

association with grain yield per plant, HI and number of grains

per spike. It also exhibited positive association with flag leaf

area, spike length and chlorophyll content. Spike length

expressed higher number of grains per spike resulted in

increase in grain yield per plant. It was noteworthy that increase

in number of grains per spike was correspondingly related

with decrease in plant height which helps in acquiring high

harvest index. 1000 grain weight exhibited strong positive

correlation with flag leaf area and chlorophyll content in both

environments. As increase in flag leaf areas as well as

chlorophyll content help in more photosynthesis and so

accumulation of energy which might be diverted towards bold

grain formation. 1000 grain weight was also positively

correlated with HI, number of tillers per plant, RWC and flag

leaf area while negatively correlated with canopy temperature

in both moisture-stress and irrigated condition. Shahryari et

al. (2008) also found significant positive association of 1000

grain weight with number of tillers per plant and grain yield.

SVI revealed maximum positive correlation with RWC, number

of grains per spike and grain yield per plant, whereas it depicted

significant negative association with canopy temperature. It

also showed positive association with spike length, flag leaf

area, chlorophyll content, 1000 grain weight and number of

tillers per plant. This indicated that SVI may be an important

trait for predicting grain yield and yield attributing characters

of genotypes in early stages for water stress condition. Rauf et

al. (2007) reported that seed germination and seedling growth

characters are extremely important factors in determining yield.

Dhanda et al. (2004) indicated that seed vigour index and

shoot length are among the most sensitive to drought stress,

followed by root length and coleoptiles length. DSI exhibited

positive association with canopy temperature, spike length,

days to maturity, chlorophyll content and days to fifty per cent

flowering. However, it showed negative correlation with RWC,

number of tillers per plant, grain yield per plant and flag leaf

area contrasting to the Nouri et al. (2011) who recorded

positive association of these traits with DSI. Bahar and Yildirim

(2010) observed negative association of DSI with grain yield.

This indicated that genotypes with short duration which can

maintain high RWC and lower down the canopy temperature

will be preferred under water stress condition.

Thus, it is clear from the discussion of association analysis

under both environments (Drought stress and Irrigated), in

general, the direction of association is same in both

environments for almost all the traits, only extent (degree) of

association varied in both environments for that pair of traits.

Therefore, it could be concluded from above discussion, grain

yield per plant had positive and significant association with

number of tillers per plant, harvest index, relative water content,

number of grains per spike, 1000 grain weight, spike length,

flag leaf area, chlorophyll content and seed vigour index and

also positive significant inter correlation among themselves

under both environments. Hence, selection for any one of

these characters would bring in simultaneous improvement

of other characters and also finally improvement in grain yield

in both environments.

Path coefficient analysis

The correlation coefficient indicated the relationship existing

between pair of characters. But dependent character is an

interaction of product of many mutually associated component

characters and change in any one component character will

disturb whole network of cause and effect system. The success

of breeding programme depends upon contribution of

individual component characters on polygenic traits like grain

yield. Path coefficient analysis (phenotypic and genotypic) of

studied characters on grain yield under drought stress and

irrigated conditions are tabulated in Table 5 (5.A and 5.B) and

6 (6.A and 6.B), respectively.

Under rainfed condition, high positive direct effect at genotypic

level was exhibited by the characters number of tillers per

plant and flag leaf area, whereas moderate positive direct effect

was recorded by DSI. At phenotypic level number of tillers per

plant showed highest positive direct effect on grain yield per

plant, whereas HI depicted moderate positive direct effect

(Sarkar et al., 2002). Canopy temperature exhibited highest

negative direct effect on grain yield at both genotypic and

phenotypic level. These results were in accordance of Bhutta

(2006) who recorded high positive direct effect of number of

tillers per plant and flag leaf area on grain yield. Mondal and

Khajuria (2001); Mondal and Kour (2004) found high positive

direct effect of number of tillers per plant on grain yield. Saleh

(2011) reported high direct effect of flag leaf area on grain

yield. Ahmadizadeh et al. (2011) observed high positive direct

effect of HI on grain yield under rainfed condition. Correlation

coefficient of these traits (number of tillers per plant and flag

leaf area) was also high and in the same direction with grain

yield indicating their true relationship with grain yield. So these

traits may be directly used for selection under drought stress

MORPHO-PHYSIOLOGICAL CHARACTERS IN BREAD WHEAT (TRITICUM AESTIVUM L.)
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condition (rainfed) and subjected for improvement of drought

tolerance. Canopy temperature showed negative direct effect

and also strong negative correlation with grain yield. Hence,

this trait may also be used as indirect selection criteria in rainfed

condition. Relative water content exhibited very high positive

correlation (genotypic and phenotypic) with grain yield under

drought stress condition, whereas its direct effect was negative.

It showed high positive indirect effect via number of tillers per

plant, canopy temperature and flag leaf area and ultimately

resulted in very high positive association with grain yield per

plant. Number of grains per spike (Shamsi et al., 2011), RWC,

HI, flag leaf area, 1000 grain weight, chlorophyll content and

SVI had high positive indirect effect on grain yield per plant

via number of tillers per plant. RWC, number of tillers per

plant and HI had high and positive indirect effect on grain

yield per plant through canopy temperature, whereas flag leaf

area, 1000 grain weight and SVI exhibited moderate and

positive indirect effect via canopy temperature. However, RWC,

number of tillers per plant and 1000 grain weight had

moderate and positive indirect effect on grain yield per plant

through flag leaf area at genotypic level. Almost all characters

showed moderate indirect effect towards grain yield via harvest

index at phenotypic level. Ahmadizadeh et al. (2011) recorded

high indirect effect of HI in rainfed condition. Therefore, it

implicated from above discussion that the traits viz., number

of tillers per plant and flag leaf area have to be given importance

in selection process for improvement in yield, since they had

positive correlation with grain yield, positive inter correlation

among themselves, high direct effect towards grain yield and

also almost all other characters contributed indirectly towards

grain yield via these characters. Hence, selection based on

these characters would be more effective for yield improvement

in bread wheat under drought stress condition.

Under irrigated condition, number of grains per spike and

1000 grain weight had high and positive direct effect, whereas

canopy temperature had high and negative direct effect on

grain yield at genotypic level. However, number of tillers per
plant showed moderate and positive direct effect at both
genotypic and phenotypic level; and number of grains per
spike and 1000 grain weight showed moderate and positive
direct effect on grain yield at phenotypic level. Therefore,
number of grains per spike, 1000 grain weight and number of
tillers per plant should be given due weightage to increase the
grain yield in bread wheat, since correlation coefficient of
these traits were also high and in same direction with grain
yield indicating their true relationship with grain yield.
However, canopy temperature may also be used for screening
genotypes in irrigated condition as its strong negative
correlation with grain yield was due to its high negative direct
effect towards grain yield. These findings were in accordance
of Guendouz et al. (2013) who also reported that 1000- kernels
weight and number of grains per spike had high positive direct
effect on grain yield. Similarly, high positive direct effect was
noticed by Mondal and Khajuria (2001) for number of effective
tillers per plant and 1000 grain weight. El- Mohsen et al. (2012)
observed high direct effect of 1000- kernels weight and number
of grains per spike and number of tillers per plant. Similar to
stress condition, relative water content recorded high positive
association with grain yield under irrigated condition, although
it showed high negative indirect effect on grain yield. The high

positive correlation was build-up by the contribution of its

high indirect effect via canopy temperature, number of grains

per spike, 1000 grain weight and number of tillers per plant

on grain yield. Number of tillers per plant (El- Mohsen et al.,

2012), HI and spike length had high and positive indirect

effect through number of grains per spike, whereas RWC,

chlorophyll content and SVI had moderate and positive

indirect effect on grain yield per plant via number of grains per

spike. RWC, HI, spike length, number of tillers per plant,

chlorophyll content, number of grains per spike and SVI had

high and positive indirect effect on grain yield per plant through

canopy temperature. However, chlorophyll content and HI

had moderate and positive indirect effect on grain yield via

1000 grain weight at genotypic level. Similar results were

reported by Ahmadizadeh et al. (2011) who observed harvest

index showed high positive indirect effect on grain yield under

well watered condition. Hence, from above discussion it could

be concluded that based on these traits viz., number of grains

per spike, 1000 grain weight and number of tillers per plant

would be effective and reliable in irrigated environments, since

they had high positive correlation with grain yield, positive

inter correlation among themselves and high indirect effect of

most of the characters via these traits on grain yield. Similar to

drought stress condition, canopy temperature had high

negative association with grain yield per plant due to its high

negative direct and most of the traits showed high indirect

effect via this trait, suggesting importance of this character in

selection breeding programme under drought stress as well

as irrigated condition.

The genotypic residual effect for grain yield was 0.1487 and

0.0224 in drought stress and irrigated environments,

respectively reflected that the characters studied in this

investigation accounted for 85.13 and 97.76 per cent

variability and remaining 14.87 and 2.24 per cent of variability

in yield in respective environments was due to unknown

factors.

CONCLUSION

Yield and yield-related traits under drought stress conditions

were independent of yield and yield-related traits under

irrigated condition. Among the characters, number of tillers

per plant, flag leaf area and canopy temperature should be

given priority while making selections under drought stress

condition, whereas number of tillers per plant, 1000 grain

weight, number of grains per spike and canopy temperature

should be given due weightage while making selection under

irrigated condition because of its remarkable consistency in

maintaining significantly high correlation with grain yield as

well as high direct effect on grain yield. The genotypes with

high relative water content and lower canopy temperature

would be preferred under drought stress condition.

ACKNOWLEDGEMENT

Authors wish to acknowledge Department of Plant Breeding

and Genetics, Rajendra Agricultural University (RAU) Pusa for

providing materials and other supports.

REFERENCES

AKHILESH KUMAR SINGH et al.,



483

Ahmadizadeh, M., Shahbazi, H., Valizadeh, M. and Zaefizadeh, M.

2011. Genetic diversity of durum wheat landraces using multivariate

analysis under normal irrigation and drought stress conditions. African

J. Agricultural Research. 6(10): 2294-2302.

Akbarian, A., Arzani, A., Salehi, M. and Salehi, M. 2011. Evaluation

of triticale genotypes for terminal drought tolerance using physiological

traits. Indian J. Agricultural Sciences. 81(12): 1110-1115.

Athwal, D. S. and Gain, S. 1966. Variability in Kagni-1. Adaptation

and genotypic and phenotypic variability in four environments. Indian

J. Genetics and Plant Breeding. 26: 153-161.

Bahar, B. and Yildirim, M. 2010. Heat and drought resistances criteria

in spring bread wheat: drought resistance parameters. Scientific

Research and Essays. 5(13): 1742-1745

Bahar, B., Yildirim, M. and Yucel, C. 2011. Heat and drought

resistance criteria in spring bread wheat (Triticum aestivum L.):

Morpho-physiological parameters for heat tolerance. Scientific

Research and Essays 6(10): 2212-2220.

Barr, H. D. and Weatherley, P. E. 1962. A re-examination of the

relative turgidity technique for estimating water deficit in leaves.

Australian J. Biological Science. 15: 413-428.

Bhutta, W. M. 2006. Role of some agronomic traits for grain yield

production in wheat (Triticum aestivum L.) genotypes under drought

conditions. Revista UDO Agrícola. 6(1): 11-19.

Blum, A., Shipler, L., Golan, A. and Mayer, J. 1989. Yield stability

and canopy temperature of wheat genotypes under drought stress.

Field Crop Research. 22(41): 289-296.

Chatterjee, N. and Nagarajan, S. 2006. Evaluation of water binding,

seed coat permeability and germination characters of wheat seeds

equilibrated at different relative humidities. Indian J. Biochemistry

and Biophysics. 43: 233-238.

Dhanda, S. S., Sethi, G. S. and Behl, R. K. 2004. Indices of drought

tolerance in wheat genotypes at early stages of plant growth. J.

Agronomy and Crop Science. 190(1): 6-12.

El Ameen, T., Hossain, A. and Teixeira da Silva, J. A. 2013. Genetic

analysis and selection for bread wheat yield and agronomic traits

under drought condition. International J. Plant Breeding. 7 (1): 61-

68.

El- Mohsen, A., Samir R., Abo Hegazy and Taha, M. H. 2012.

Genotypic and phenotypic interrelationships among yield and yield

components in Egyptian bread wheat genotypes. J. Plant Breeding

and Crop Science. 4(1): 9-16.

El-Kareem, T. H. A. A. and El-Saidy, A. E. A. 2011. Evaluation of yield

and grain quality of some bread wheat genotypes under normal

irrigation and drought stress conditions in calcareous soils. J. Biological

Sciences. 11(2): 156-164.

Esmail, R. M., Ottai, M. E. S. and Mostafa, E. A. H. 2008. Germplasm

enhancement for water stress tolerance and storage insect resistance

in bread wheat (Triticum aestivum L.). World J. Agricultural Sciences.

4(2): 230-240.

Farshadfar, E., Allahgholipour, M., Zarei, L. and Kiani, M. 2011.

Genetic analysis of field and physiological indicators of drought

tolerance in bread wheat (Triticum aestivum L.) using diallel mating

design. African J. Biotechnology. 10(61): 13071-13081

Fischer, R. A. and Maurer, R. 1978. Drought resistance in spring

wheat cultivars. Australian J. Agricultural Research. 29: 897-912.

Guendouz, A., Djoudi, M., Guessoum, S., Maamri, K., Fellahi, Z.,

Hannachi1, A. and Hafsi, M. 2013. Durum wheat (Triticum durum

Desf.) Evaluation Under semi Arid Conditions In Eastern Algeria by

Path Analysis. J. Agriculture and Sustainability. 3(1): 56-64.

Gupta, P., Mittal, R. K., Singh, M. and Kant, A. 2005. Evaluation of

triticale x bread wheat derivatives for agro-morphological,

physiological and biochemical traits in relation to drought and cold

stress. Annals of Biology. 21(2): 143-147.

Johnson, H. W., Robinson, H. F. and Comstock, R. E. 1955. Estimates

of genetic and environmental variability in soybean. Agronomy J. 47:

314-318.

Lonbani, M. and Arzani, A. 2011. Morpho-physiological traits

associated with terminal drought-stress tolerance in triticale and wheat.

Agronomy Research. 9(1/2): 315-329

Lush, J. L. 1949. Heritability of quantitative characters in farm animals.

Proceedings of 8th Congress of Genetics and Heriditas. 35: 356-375.

Mondal, S. K. and Khajuria, M. R. 2001. Correlation and path analysis

in bread wheat (Triticum aestivum L.) under rainfed condition.

Environment and Ecology. 19(2): 405-408.

Mondal, S. K. and Kour, K. 2004. Genetic variability and correlation

coefficients of some root characteristics and yield components in

bread wheat under rainfed condition. Environment and Ecology.  22(3):

646-648.

Muhammad, M., Chowdhry, M. A. and Malik, T. A. 2007. Correlation

studies among yield and its components in bread wheat under drought

conditions. International J. Agriculture and Biology. 9(2): 287-290.

Muller, J. 1991. Determining leaf surface area by means of linear

measurement in wheat and triticale (brief report). Archiv

Fuchtungsforsch. 21: 121-123.

Naroui-Rad, M. R., Jaafar, H. Z. E., Moghaddam, H. A., Poodineh,

O. and Hossein-Moayedi. 2010. Relation between physiological and

some agronomic characteristics in selected genotypes of wheat in

drought stress condition. J. Food, Agriculture and Environment. 8(3/

4): 891-893

Nouri, A., Etminan, A., Teixeira da Silva, J. A. and Mohammadi, R.

2011. Assessment of yield, yield-related traits and drought tolerance

of durum wheat genotypes (Triticum turjidum var. durum Desf.).

Astrailia J. Crop Science. 5(1): 8-16.

Rauf, M., Munir, M., UI-Hassan, M., Ahmed, M. and Afzai, M.

2007. Performance of wheat genotypes under osmotic stress at

germination and early seedling growth stage. African J. Biotechnology.

8: 971-975.

Saleh, S. H. 2011. Performance, correlation and path coefficient

analysis for grain yield and its related traits in diallel crosses of bread

wheat under normal irrigation and drought conditions. World J.

Agricultural Sciences. 7(3): 270-279.

Sarkar, C. K. G., Srivastava, P. S. L. and Deshmukh, P. S. 2002. Effect

of terminal high temperature stress tolerance in bread wheat (Triticum

aestivum L.): estimation of character association and contribution of

yield attributes to grain yield. Annals of Agricultural Research. 23 (1):

75-78.

Shahryari, R., Gurbanov, E., Gadimov, A. and Hassanpanah, D. 2008.

Tolerance of 42 bread wheat genotypes to drought stress after anthesis.

Pakistan J. Biological Sciences. 11(10): 1330-1335.

Shamsi, K., petrosyan, M., Noor-mohammadi, G., Haghparast ,A.,

Kobraee, S., Rasekhi, B. 2011. Differential agronomic responses of

bread wheat cultivars to drought stress in the west of Iran. Afr. J.

Biotechnol. 10(14): 2708-2715.

Sharma, K. D. and Kumar, A. 2010. Genotypic variation for agro-

physiological traits and their utilization as screening indices for drought

tolerance in wheat. Indian J. Genetics and Plant Breeding. 70(1): 1-5.

Shukla, R. S., Mishra, Y. and Singh, C. B. 2000. Variability and

association in bread wheat under rainfed condition. Crop Research

Hisar. 19(3): 512-515

Singh, M., Srivastava, R. L. and Dixit, R. K. 2001. Correlation studies

for yield and its components in advanced generations of bread wheat

under rainfed condition. Advances in Plant Sciences. 14(2): 367-373.

Singh, T., Sharma, A. and Alie, F. A. 2009. Morpho-physiological

traits as selection criteria for yield improvement in mungbean (Vigna

MORPHO-PHYSIOLOGICAL CHARACTERS IN BREAD WHEAT (TRITICUM AESTIVUM L.)



484

radiata (L.) Wilczek). Legume Research. 32(1): 36-40.

Talebi, R. 2011. Evaluation of chlorophyll content and canopy

temperature as indicator for drought tolerance in durum wheat (T.

durum Desf.). Australian J. Basic and Applied Science. 5 (11): 1457-

1462.

Yazdi-samadi, B. and Hosseini, N. M. 2002. Evaluation of quantitative

traits in 12 improved wheat cultivars under non-irrigated conditions

of Karaj region. BIABAN 7(1): 1-10.

Zarei, L., Cheghamirza, K., Farshadfar, E. 2013. Evaluation of grain

yield and some agronomic characters in durum wheat (Triticum

turgidum L.) under rainfed conditions. Australia J. Crop Science. 7(5):

609-617.

AKHILESH KUMAR SINGH et al.,


