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ABSTRACT

A field experiment was conducted at  Hisar  during rabi season of 2007-08 to study the effect of different agro-
nomic management practices on growth, yield and quality of late sown wheat(Triticum aestivum L. emend. Fiori &
Paol.). Dry seeding with overnight soaked seed on 15 December with 25% higher seed rate followed by irrigation
produced higher grain and biological yield followed by dry seeding with 25% higher seed rate on 15 December fol-
lowed by irrigation.  Crop germination was earlier by 2 days when sowing with soaked seeds was adopted.
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Wheat is the most important winter season food crop of
India and improvement in its productivity has played a key
role in making the country self-sufficient in food grain.
Crop occupies an area of about 28.5 million hectare with
total production of 80.70 million tonnes and a productiv-
ity of 2.83 tonnes/ha and shares 12.43% of total produc-
tion of world (MOF, 2010). However, in the past decade a
general slow down in increase in the productivity of wheat
has been noticed, particularly under environments rela-
tively unfavorable for growth and development of wheat
(Nagarajan, 2005). Current estimates indicates that in In-
dia alone around 13.5 million hectare of wheat is heat
stressed (Joshi et al., 2007). During past few years, more
than 50% sowing of wheat often gets delayed till Decem-
ber or early January causing substantial loss in grain yield.
Late sown suffers due to sub-optimal temperature at sow-
ing, which causes delayed germination, slow growth,
lesser development and ultimately low yield. The delayed
sowing further causes supra-optimal thermal stress at re-
productive phase which results in forced maturity. This
high temperature stress at reproductive phase, of wheat
results in poor yield due to reduced number of grains per
spike and shriveled grains of low quality (Sharma et al.,
2007). The problem of high temperature stress will further
aggravate with the global warming in the time to come.

Hence, the present study was undertaken to minimize the
yield losses under late sown condition.

A field experiment was conducted at agronomy re-
search farm of Chaudhary Charan Singh, Haryana Agri-
cultural University, Hisar (at 29°10’ N latitude and 75°46’
E longitude at an altitude of 215.2 m above mean sea
level), during rabi season of 2007-08 to study the effect of
different agronomic management practices on growth,
yield and quality of late sown wheat. The soil of the ex-
perimental site was sandy loam, having 0.4% organic car-
bon, 171.6 kg/ha available N, 10.5 kg/ha available P,
256.8 kg/ha available K and 7.7 pH. The experiment was
laid out in random block design with three replications.
There were ten treatment viz. dry seeding on 15 December
followed by irrigation, dry seeding with overnight soaked
seed on 15 December followed by irrigation, dry seeding
with 25% higher seed rate on 15 December followed by
irrigation, dry seeding with overnight soaked seed  with
25% higher seed rate on 15 December followed by irriga-
tion, dry seeding on 1 January followed by irrigation, dry
seeding with overnight soaked seed  on 1 January fol-
lowed by irrigation, dry seeding with 25% higher seed rate
on 1 January followed by irrigation, dry seeding with over-
night soaked seed  with 25% higher seed rate  on 1 Janu-
ary followed by irrigation, dry seed sowing on 1 January
after pre-sowing irrigation on 15 December and soaked
seed sowing on 1 January after pre-sowing irrigation on 15
December. Sowing was done in rows spaced 20 cm apart
at a depth of 5 cm. The recommended dose of nitrogen
(150 kg N/ha), phosphorus (60 kg P2O5/ha) and zinc sul-
phate (25 kg/ha) were applied. Irrigation was given at
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crown root initiation, late tillering, late jointing, booting,
dough and milk stages of the crop. One weeding cum hoe-
ing was done 40 DAS with long tine hand hoe. All the
necessary observations were recorded as per the estab-
lished norms.

Crop attained more height in dry seeding with over-
night soaked seed on 15 December followed by irrigation
over other treatments at physiological maturity. The high-
est plant height in dry seeding with overnight soaked seed
on 15 December followed by irrigation was because of
early sowing (15 days) and overnight seed soaking with
water (Table 1). At 50 and 90 DAS the LAI was recorded
significantly higher in dry seeding with overnight soaked
seed  with 25% higher seed rate on 15 December followed
by irrigation than all other treatments except dry seeding
with 25% higher seed rate on 15 December followed by
irrigation which was the statistically at par. The lowest
LAI was recorded in dry seeding on 1 January followed by
irrigation. The higher LAI recorded in dry seeding with
overnight soaked seed with 25% higher seed rate on 15
December followed by irrigation due to 47% higher plant
stand and 6 days longer vegetative phase than observed in
dry seeding on 1 January followed by irrigation. Similar
reductions in LAI and LAD with delayed sowing have
been reported by Singh et al. (1995).

The chlorophyll content in 1 January sown treatments
at anthesis was significantly higher than recorded in 15
December sown crop (Fig. 1). The higher chlorophyll con-
tent in 1 January sown crop was because of younger juve-
nile age of plants in late sown crop. Further, a sharp fall in
chlorophyll content at 20 days after anthesis in 1 January
sown treatments was observed which may be due to preva-
lence of high day temperature (29.6-36.4°C) after anthesis
as compared to treatments, where wheat was sown on 15
December (29.6-33.9°C). This high temperature hastened
the leaf senescence and crop maturity with squeezed re-
productive phase in late sown crop. The highest dry mat-
ter accumulation was noticed in 15 December dry seeding

with overnight soaked seed with 25% higher seed rate fol-
lowed by irrigation at all the growth stages till maturity,
whereas the minimum dry matter accumulation was re-
corded in dry seeding on 1 January followed by irrigation
(Fig. 2).  At maturity the plants in dry seeding with over-
night soaked seed with 25% higher seed rate on 15 De-
cember followed by irrigation accumulated 36.8 per cent
higher dry matter than the dry seeding on 1 January fol-
lowed by irrigation. It was mainly due to use of 25%
higher seed rate and 15 days early sowing with overnight
soaked seed in dry seeding followed by irrigation. The
finding of Rehman et al. (2008) also supports these re-
sults.

* DAA: Days after anthesis
Fig. 1. Effect of seeding treatments on chlorophyll content index of

wheat under late sown conditions

*DAS: Days after anthesis
Fig. 2. Effect of seeding treatments on dry matter accumulation (g/

m2) at different growth stages of wheat under late sown con-
ditions

Among the yield attributing characters, number of
spikes/m2 and spike length (cm) were found significantly
higher in treatments sown on 15 December (Table 1) over
treatments sown on 1 January. The highest number of
spikes/m2 (420) were recorded in dry seeding with over-
night soaked seed with 25% higher seed rate on15 Decem-
ber followed by irrigation and lowest number in dry seed-
ing on 1 January followed by irrigation. An increase of
18.0% in number of spikes/m2 was observed in dry seed-
ing with overnight soaked seed with 25% higher seed rate
on 15 December followed by irrigation over dry seeding
on 1 January followed by irrigation. The highest number
of grains/spike (49.6) were observed in dry seeding with
overnight soaked seed on 15 December followed by irri-
gation. But, the difference among the treatments was non-
significant. Highest test weight (41.7g) was found when
the crop was sown in 15 December with soaked seed us-
ing normal seed rate. Spike length, spikes/m2, also de-
creased with delay in sowing as shown in table 1. The
spike length (8.76cm) was significantly higher in dry seed-
ing with overnight soaked seed on 15 December followed
by irrigation followed by dry seeding on 15 December
followed by irrigation (8.56cm) and it was minimum



94 RAM ET AL. [Vol. 57, No. 1
Ta

bl
e 

1.
 E

ffe
ct

 o
f 

se
ed

in
g 

tr
ea

tm
en

ts
 o

n 
yi

el
d 

at
tr

ib
ut

es
, 

yi
el

ds
 a

nd
 q

ua
lit

y 
of

 la
te

 s
ow

n 
w

he
at

T
re

at
m

en
t

P
la

n
t

LA
I

Y
ie

ld
 a

ttr
ib

ut
es

Y
ie

ld
 (

t/h
a)

H
ar

ve
st

P
ro

te
in

G
ro

ss
N

et
B

:C
he

ig
ht

 a
t

5
0

9
0

S
pi

ke
/

G
ra

in
s/

S
pi

ke
S

pi
ke

le
t/1,

00
0-

G
ra

in
B

io
lo

gi
ca

l
In

de
x

C
on

te
nt

re
tu

rn
s

re
tu

rn
s

ra
tio

m
at

ur
ity

D
A

S
D

A
S

m2
sp

ik
e

le
ng

th
sp

ik
e

gr
ai

n
(%

)
(%

)
(×

103
(×

10
3

(c
m

)
(c

m
)

w
t 

(g
)

`
/h

a
)

`
/h

a
)

D
S

-1
5 

D
ec

-F
bI

9
2

.9
1

.4
6

3
.8

6
3

8
5

4
8

.6
8

.5
6

1
7

.5
4

1
.3

3
.7

5
9

.1
9

4
0

.8
11

.4
3

4
4

.4
3

1
.6

2
.4

5
D

S
W

S
S

-1
5 

D
ec

- 
F

bI
9

6
.1

1
.4

8
4

.0
7

3
9

7
4

9
.6

8
.7

6
1

8
.2

4
1

.7
3

.8
2

9
.3

9
4

0
.7

11
.4

0
4

5
.4

3
2

.5
2

.5
2

D
S

-2
5%

H
S

-1
5 

D
ec

- 
F

bI
9

5
.4

1
.6

5
4

.1
6

4
1

5
4

8
.0

8
.3

3
1

7
.6

3
9

.9
4

.1
0

1
0

.1
5

4
0

.4
11

.1
3

4
8

.9
3

5
.5

2
.6

5
D

S
W

S
S

-2
5%

H
S

-1
5 

D
ec

- 
F

bI
9

5
.9

1
.8

6
4

.3
2

4
2

0
4

8
.3

8
.3

3
1

7
.6

3
9

.9
4

.2
0

1
0

.3
6

4
0

.5
11

.2
0

5
0

.0
3

6
.6

2
.7

4
D

S
-1

Ja
n

-f
b

I
8

9
.9

1
.0

9
3

.2
2

3
5

6
4

5
.6

7
.3

3
1

6
.8

3
9

.5
2

.8
9

7
.4

3
3

8
.8

11
.5

0
3

5
.3

2
2

.4
1

.7
4

D
S

W
S

S
-1

Ja
n 

- 
F

bI
9

3
.6

1
.1

2
3

.2
4

3
5

6
4

6
.6

7
.3

6
1

7
.2

3
9

.7
2

.9
4

7
.4

7
3

9
.3

1
2

.1
6

3
5

.6
2

2
.8

1
.7

7
D

S
-2

5%
H

S
-1

Ja
n-

 F
bI

92
.3

1.
18

3.
61

3
6

7
47

.0
7.

60
17

.1
38

.5
3.

37
8.

43
40

.0
11

.8
6

40
.5

27
.0

2.
02

D
S

W
S

S
-2

5%
H

S
-1

Ja
n-

 F
bI

92
.6

1.
29

3.
70

3
6

7
47

.6
7.

96
17

.4
38

.3
3.

40
8.

70
39

.0
11

.6
3

41
.4

28
.0

2.
09

D
S

-1
Ja

n
-A

p
sI

9
3

.4
1

.3
3

3
.6

7
3

7
9

4
7

.6
7

.9
6

1
7

.4
4

0
.5

3
.4

9
8

.8
3

3
9

.6
11

.7
3

4
2

.2
2

9
.1

2
.2

2
D

S
W

S
S

-1
Ja

n 
-A

ps
I-

15
 D

ec
9

4
.8

1
.4

4
3

.6
9

3
7

9
4

7
.6

7
.9

0
1

7
.5

4
0

.5
3

.5
4

8
.8

7
3

9
.9

11
.6

3
4

2
.5

2
9

.5
2

.2
5

S
E

m
±

0
.8

1
0

.0
6

0
.0

8
8

.6
8

1
.5

6
0

.1
7

0
.6

3
0

.5
1

0
.0

3
0

.0
7

0
.2

9
0

.4
1

0
.3

3
0

.3
3

0
.0

3
C

D
 (

P
=

0.
05

)
2.

42
0.

17
0.

23
25

.8
N

.S
.

0.
51

N
.S

.
1.

52
0.

09
0.

20
0.

86
N

.S
.

0.
99

0.
98

0.
08

LA
I: 

Le
af

 a
re

a 
in

de
x;

 D
S

: D
ry

 s
ee

di
ng

; F
bI

: f
ol

lo
w

ed
 b

y 
irr

ig
at

io
n;

 D
S

W
S

S
: D

ry
 s

ee
di

ng
 w

ith
 o

ve
rn

ig
ht

 s
oa

ke
d 

se
ed

; D
S

-2
5%

H
S

: D
r

y 
se

ed
in

g 
w

ith
 2

5%
 h

ig
he

r 
se

ed
 r

at
e;

 D
S

W
S

S
-

25
%

 H
S

: 
D

ry
 s

ee
di

ng
 w

ith
 o

ve
rn

ig
ht

 s
oa

ke
d 

se
ed

 w
ith

 2
5%

 h
ig

he
r 

se
ed

 r
at

e;
 A

ps
I-

15
 D

ec
: 

S
oa

ke
d 

se
ed

 s
ow

in
g 

af
te

r 
pr

e-
so

w
in

g 
irr

i
ga

tio
n 

on
 1

5 
D

ec
em

be
r

(7.33cm) in dry seeding on 1 January followed by irriga-
tion. The highest number of spikelets (18.2) was recorded
in dry seeding with overnight soaked seed on 15 Decem-
ber followed by irrigation and minimum in dry seeding on
1 January followed by irrigation (16.8). Among the yield
attributes, highest association was found in effective tiller/
mrl with the grain yield (r = 0.97). The number of grains
per spike also had positive correlation (r = 0.80) with grain
yield. The number of effective tillers per running meter
row length is the best yield attribute to predict grain yield
with the following regression equation Y= 87.34 X -
3939.19 (R2 =0.94).

The grain and biological yield was significantly higher
in 15 December sown crop than the 1 January sown. But,
among all the treatments dry seeding with overnight
soaked seed  with 25% higher seed rate on 15 December
followed by irrigation recorded significantly higher grain
yield (4.20 t/ha) and biological yield (10.36 t/ha). The in-
creased yield in dry seeding with overnight soaked seed
with 25% higher seed rate on 15 December followed by
irrigation may be attributed to better germination, early
emergence, taller plants (6cm at maturity), higher LAI,
more number of effective tillers than dry seeding on 1
January followed by irrigation. The mean LAI (r = 0.99)
showed highly significant and positive correlation with
grain yield. This suggests greater significance of leaf area
and dry matter accumulation during vegetative and active
reproductive phase of crop. The significantly positive cor-
relation among mean LAI, LAD, CGR, yield attributes
and grain yield have also been reported by Tyagi (1997).

One of the main reason for higher grain and straw yield
in 15 December sown treatments was extended vegetative
and reproductive phase as compared to 1 January sown
crop. The late planted crop was adversely affected during
the reproductive phase because of supra-optimal thermal
stress which leads to forced maturity as crop duration was
shortened from 124 days to 114 days and reduced harvest
index also. Delay in wheat sowing by 20 and 40 days from
the normal sowing date (15 November) reduced grain
yield by 23 kg/ha/day and 30 kg/ha/day, respectively
(Kaur and Pannu, 2008). In North-West zone of India very
little information is available on management practices
such as dry seeding, seed soaking of wheat in late sown
conditions. There was no significant difference in protein
content among the treatments, which means that various
seeding treatments had no significant effect on protein
content. However, among all the treatments highest pro-
tein content was recorded in dry seeding with overnight
soaked seed on 1 January followed by irrigation (12.16%)
followed by dry seeding with 25% higher seed rate on 1
January followed by irrigation (11.86%) and the lowest
protein content was observed in dry seeding with 25%
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higher seed rate on 15 December followed by irrigation
(11.13%). This slightly higher protein content in low yield-
ing late sown treatments may be because of dilution effect.
Among all the treatments, dry seeding with overnight
soaked seed with 25% higher seed rate on 15 December
followed by irrigation recorded significantly higher gross
returns (49,981), net returns (36,598) and B:C ratio (2.74),
while it was minimum in dry seeding on 1 January using
normal seed rate followed by irrigation.

Based on one year study, dry seeding on 15 December
with overnight soaked seed and 25% higher seed rate fol-
lowed by irrigation was found more productive.
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