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ABSTRACT

A field experiment was conducted on deep sandy soil (Typic Ustochrept) at the Water Technology Centre, In-
dian Agricultural Research Institute, New Delhi, during winter seasons of 1999—-2000 and 2000-2001 with late-
sown ‘HD 2285’ wheat ( Triticum aestivum L. emend. Fiori & Paol.). The treatments comprising 4 irrigation levels [l
no post-sowing irrigation; I, 1 irrigation at crown-root intiation (CRI) stage; I,, 2 irrigations, each at CRI and flower-
. ing stages; l,, 4 irrigation each given at CRI, jointing, fiowering and dough stages] in main plots and combinations
.of 3N Ievels (0 50 and 100 kg N/ha) and 2 zinc levels (0 and 5 kg Zn/ha) in subplots were laid out in split-design,
replicated 3 times, to find out the influence of irrigation, nitrogen, zinc and their interactions on yield and moisture
use by the crop. Progressive increase in irrigations from 0 to 4 and N levels from 0 to 100 kg/ha, increased wheat
yield attributes and grain yield significantly over the control treatiments (I and N ). The average seasonal consump-
tive water use (CU) by wheat increased with every additional irrigation level to a maximum of 328.4 mm and 301.7
mm in the first and second season respectively. On an average (2 seasons), water-use efficiency (WUE) was the
highest (1.38 kg grain/m®) with |,. However, the straw yield (6,808.5 kg/ha) and grain yield (3,962.5 kg/ha) were
highest with |,. The average moisture use rate increased with increase in irrigation to a maximum of 2.63 mm/day.
Maximum moisture extraction of 59.4 to 65.8 % was from the 0-30 cm and the minimum (7.10 to 5.32%) from the
90-120 cm soil depth. The WUE increased markedly with the increase in N level.
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Wheat growth and yield result in from.the combined
effects of the inherited genetic potential and the conditions
under which plants grow. Irrespective of irrigation water-
scheduling criteria, it is universally acknowledged that
wheat growth and yield increase significantly with water
availability. This increase in production does not, however,

commensurate with similar trend in water-use efficiency -

(Mishra et al., 1994; Pal et al., 1996 b). Because of the
ever-changing scenario that wheat is grown, an under-

standing of the crop’s response to irrigation and added

nutrients like nitrogen and zinc which are deficient in In--

dian soils, and inter-dependence of yield attributes towards
production of the ultimate compounded biomass and grain

yield at harvest is worth of investigation. It will help.in
optimization of irrigation water scheduling, N and Zn
doses and therefore the maximization of wheat yields, as’
well as increased water-use efficiency at mmlmal loss of
water and nutrients. :

MATERIALS AND METHODS
A field experiment was conducted on a sandy-loam soil

(Typic Ustochrept) at the Water Technology Centre,
I.LA.R.IL, New Delhi, during winter (rabi) seasons of 1999~
2000 and 2000-2001. The soil was low in available N
{160.8 kg/ha), medium in available phosphorus (20.4 kg/

ha) and Zn (57.4 ppm), with pH 7.5. Plant-available wa-

ter was 18 cm/120 cm root zone profile. Treatments com-

prised 4 levels of irrigation levels (I , no post-sown irriga-

ton; I, 1 irrigation at (crown-root initiation) (CRI) stage,

L, 2 irrigations, each at CRI and flowering stages; I,, 4 ir-

rigations each given at CRI, jointing, flowering and dough

- stages) in main plots and combination of 3 N levels (N, 0;

N 50, 50 and Nlm, 100 kg N/ha) and 2 zinc levels (Z,0, and

s» 3 kg/ha) in the subplot of split-plot design, replicated
thrice. Wheat cv. “HD 2285’ was sown on 22 December
1999 and 13 December 2000, phosphorus (P,0,) and po-
tassium (K,0) were applied through single superphos-
phate (SSP) and muriate of potash uniformly as basal @
60 and 40 kg/ha respectively. Nitrogen and zinc were ap-
plied as per treatment through urea and ZnSO,. 7TH,0 at
the time of sowing. The crop was drilled with 25 cm mter-
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" row spacing manually by hand-plough at the seed rate of
120 kg/ha. The crop.received 76.8 mm and 42.6 mm rain-
fall in the respective seasons. Groundwater table remained
below 4.0 m throughout the growth period and groundwa-
ter contribution was considered to be negligible. Moisture
use by crop such as consumptive use (CU), weter-use ef-
ficiency (WUE) and moisture-use efficiency (MUE) were
computed following the method of Dastane (1972).

RESULTS AND DISCUSSION
' Effect of irrigation, nitrogen and zinc

Yield attributes: Taller plants were observed with - -
higher irrigation water levels as compared to the no post- -

sown irrigation (Table 1). The tallest plants were obtained
with 4 irrigations each apphed at CRI, jointing, flowering
and-dough stages of wheat.

Differential response of wheat to 1mgat10n with respect
to yield attributes such as effective tillers, length of ear,
grains/ear and 1,000-grain weight was evident between
the 2 seasons, because-of the 68.9 mm rainwater in the
first season that caused similar growth and development of
wheat in response to unirrigated control (I)) and 1 irriga-
tion (I,) treatments (Table 1). Irrigating wheat up to 4 irri-
gations resulted in significantly higher effective tillers/m
row length, length of ears, grains/ear and 1,000-grain
weight of wheat over the control (I ) in both the seasons,
except of ear length in first season (1999—2000) Irrigating
at CRI stage normally enhances tillering while at jointing
it increases growth rates and the irrigation given at flow-
ering and dough stages enhances grain filling, as it im-
proves translocation of photosynthates to the sink (Arnon,
1972), so long other factors like nitrogen are not limiting.
Therefore effective tillers/m row length increased signifi-
cantly with increasing irrigation frequencies, whereas ear
length and 1,000-seed weight of wheat were similar with
2 and 4 irrigations (Table 1). This was not the case, how-
ever, with the number of grams/ear probably because the
grains/ear are normally influenced at the panicle initiation,
which commences after CRI stage of wheat growth (28—
30 DAS).

The 1,000-grain recorded for I, (2 irrigations) and L, (4
irrigations) were at par in the first season of 1999-2000
only (Table 1). The probable reason for this is that the pho-
tosynthates dep6sited in grain are known to come from
remobilization of assimilates deposited in other plant or-
gans and photosynthesis of the flag leaf, stem and ear
(Gardner et al., 1988). Therefore, the rainwater received
(up to 50 DAS) enabled the crop to accumulate sufficient
carbohydrate reserve and leaf area to sufficiently provide
assimilates for grain filling that compare well with the 4
irrigations. Water stress during grain filling reduced 1,000-
seed weight and therefore, wheat under I and I, recorded
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lowér 1,000-grain weight (Table 1) and grain yield (Table
2) as compared to wheat receiving higher frequency of
water (I, and L) in both the seasons. Similar observations
were reported by Drewitt (1979) and Tomar et al. (1993).

Increase of N application from 0 to 100 kg N/ha, sig-
nificantly and progressively increased the effective tillers/
m row length, length of ear; grains/ear, and 1,000-grain
weight in both the seasons (Table 1). This was in agree-
ment with the findings of Bayles (1977). Increased effec-
tive tillers/m with higher dose of N -was probably due to
stimulatory effect of N on tillering through cytokinins syn-
thesis, resulting into more number of effective tillers
(Gardner et al., 1988; Sinha et al., 1989). For grams/ear"j
successive addition of N from 0 to 100 kg/ha increased
grains/ear significantly. Adequate N might have increased
grains/ear by preventing the degeneration of spikelets
when grain development takes place. Reddy and Bhardwaj.

(1984) also reported similar results. The 1,000-grain

weight was highest when fertilized with 50 and 100 kg N/
ha wheat crop in the second season. At the time of grain-
filling, assimilates are remobilized from leaves and stems
(source) to grains (sink) if photosynthesis is not able to
meet out the assimilate requirement of grains (sinks). Dur-

- ing heading to flowering stage of plant, the assimilates

produced by photosynthesis are normally more than re-
quired by these processes, when inputs like nutrients and
water are adequate (Gardner et al., 1988).

The increased growth and thereby more assimilates re-
sulted in a higher number of effective tillers and grain
number and yield attributes, owing to interactive effects of
100 kg N/ha with 4 irrigations given at CRI, jointing,
flowering and dough stages compared to the control (no N
and no irrigation after sowing) in both the seasons, which
in turn contributed to the increase in the grain, straw yields
and harvest index. Reddy and Bhardwaj (1984) and
Mishra et al. (1994) also concluded that irrigation and ni-
trogen substituted each other within certain limits.

Grain yield: Increase in number of irrigations increased
the grain yield progressively and significantly over no
post-sowing irrigation during both the seasons (Table 2).
The per cent increase in grain yield owing to 1, 2 and 4 ir-
rigations over no ifrigation treatment was 36.2, 58.0 and
71.5in 1999-2000, and 32.0, 57.8 and 73.9 in 2000—2001
respectively.

The maximum average grain yield of 4.0 tonnes inthe
first season and 3.9 tonnes/ha in the second season was
obtained with 4 irrigations (L,) given at CRI, jointing,
flowering and dough stages of the crop. Minimum yiélds
of 2.3 tonnes/ha in both seasons were obtained with no
post-sowing irrigation (I,).

Application of 50 kg and 100 kg N/ha apphcatlon re-
sulted significantly more grain yield than that of no N ap-



188

plication. The effect of 100 kg N/ha application on grain
yield production was statistically more than to the effect of
50 and 0 kg N/ha in both the seasons. Increase in grain
yield as a results of N application over the control (2,751
kg/ha in the first season and 2,631 kg/ha in the second sea-
son) was 21.4% and 39.2 % in the first season and 22.6%
and 39.3% in the second season respectively.
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Each addition of either irrigation or N resulted in a pro-
gressive and significant increase in-grain yield up to LN,
level in first and second year respectively-(Table 3). The
minimum grain yields were obtained with I N, in the re-

. spective seasons.

Straw yield: Straw yield increased significantly with

addition of ir-i‘i\gation atfaining a maximum of 6.4 tonnes/

Table 1. Effect of irrigation, nitrogeh and zinc levels on yield attribﬁt’és of late-sown wheat

' Grains/

0.6

Treatment Plant height . Effective Length of 1,000-grain
: (cm) tillers/m row length ears (cm) ear weight (g)
1999- 2000- 1999— 2000~ 1999- 2000~ 1999- 2000- : 1999~ 2000- -
- 2000 2001 2000 - 2001 2000 2001 - 2000 2001, /' 2000 2001
Irrigation : i : ;
| - 603 . 584 71.6 67.0 103 8.6 344 309 ,-'/ 34.9 36.0
| 68.1 69.9° 75.9 7.7 . 104 9.2 35.1 31.9 i-” 35.6 36.5
I, 72.7 74.1 79.8 76.0 10.5 6.6 385 -36.Y 384 38.0
| 78.4 779 | 103.8 95.6 10.8 9.9 40.2 ‘ 3'67/1 39.2 39.5
CD (P=0.05) 2.3 - 3.7 . 34 1.7 "NS - 0.2 1.0 3.5 0.8 1.1
Nitrogen S ' _ -
N, 66.3 . 66.1 73.0 . 68.9 9.7 8.7 344 /." 320 . 35.6 36.1
N, 69.9 70.8 88.8 77.1 10.7 9.3 36.9 ;339 373 37.5
N 734 73.3 92.5 ~ 86.8 11.2 929 39.8 © 355 381 38.9
CD (P=0.05) 1.56 1.6 12 1.2 . 04 02 . 0.8 0.6 0.5 0.6
Zinc ' . . /
Z, 69.45 69.6 82.6 76.9 104 - 9.3 - 365 335 36.9 ©.372
Z, 70.3 70.5 833 78.3 10.6 94 376 341 372 37..8
CD (P=0.05) NS NS " NS NS NS- ~ NS 05 NS 0.5

Details of treatments are given under Materials and Methods

=

’I‘abl'g 2. Influence of irrigation; nitrogen and zinc on grain yield, straw yield and hafvest index of late-sown wheat

- Treatment Gtain yield (kg/ha) Straw yield (kg/ha) | Harvest index
1999-2000 2000-2001 1999-2000 2000—2001 1999-2000 20002001
Irrigation : : : N ;
Io 2,337 _ 2,251 4,723 4,601 - 332 33.5
I, 3,183 2,973 5,656 5,382 36.8 359
|8 " 3,695 3,553 6,181 - 6,000 378 379
I 4,008 3,917 6,446 6,571 40.2 39.0
SEms 33 28 53 a7 0.5 02
CD (P=0.05) 100 89 160 141 1.4 0.6
Nitrogen i .
N, 2,751 2,631 - 5,248 5,114 353 34.5
. Ng 3,335 - 3,225 5,690 5,664 37.3. 36.8
N 3,828 3,665 6242 6,138 383 38.4
SEm+ 37 34 ) - 59 0.6 - 03
CD (P=0.05) 113, 103 183 177 18 10
Zinc B .
Z, 3,277 3,167 © 5,705 5,635 36.8 36.4
z, 3335 3,180 5,748 5,642 37.1 367
SEm = 31 28 50 48 0.5 0.3
CD (P=0.05) NS NS NS NS NS NS

Details of treatments are given under Materials and Methods
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ha under 4 irrigations in 1999-2000 and 6.6 tonnes/ha in
2000-2001 (Table 2). Application of 1 and 2 irrigations re-
sulted in increase of the straw yield by 17.6 and 30.9% in
the first season and 17.0 and 30.4% in the second season
over the control (I ) respectively.

Nitrogen apphcatmn at 50 and 100 kg/ha increased the
straw yield significantly over the control by 8.4% and
10.8% in the first season and 18.9% and 20.0% in the sec-
ond season respectively (Table 2).

Interactive effects of irrigation and N on straw yleld
were significant (Table 3). The control (I N) showed the
lowest straw y#€ld compared to all other treatments except
)N, in both seasons and I|N, in second season only. Irri-
gations caused significant vanauons at every level of N ap-
plication i in first season, whereas in second season, 1 and
2 irrigations given with 50 kg N/ha were at par. The rest
differed significantly with higher number of irrigations.
Interaction within I application of 50 kg N/ha did not in-
crease straw yield sxgmﬁcantly in the first season, while
" they differed statistically in the second season. With 1 ir-
rigation only, wheat grown with 0 and 50 kg N/ha was
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* similar'in straw yield in the first season, but significantly

different in the second season; however wheat grown un-
der 50 and 100 kg N/ha was at par with each other in both
seasons. With 2 irrigations, N and N, had similar wheat
strawyields, which were lower to that obtained with 100
kg N/ha in the first season. In the second season, however,
straw yields differed at every level of N application. Appli-
cation of 100 kg N/ha resulted in maximum straw. Wheat
straw obtained with 4 irrigations increased significantly at
every additional N level in both seasons, except in second
season, where I3N50 and LN, were statistically similar.
Harvest index (HI): Effect of different irrigation levels
on the harvest index was significant in both seasons (Table

- 2). Irrigation at higher frequencies at different phytophases

of the wheat crop enhanced the harvest index significantly’

than irrigating at lower frequencies and no irrigation treat- '
ments in both the years, except irrigating once or twice in
the first season. Maximum harvest index values 40.2 in
first season and 39.0 in second season were obtained un-
der 4 irrigations: The increase was 21.2 and 16. 5% over

" the control.

Table 3. Interactive effects of irrigation and nitrogen on grain yield (kg/ha) of late-sown wheat

1.30

2.14

- Interaction 19992000 2000-2001
) L ‘ L L 5 - L 1 X L 5
‘ N, ' . 2,039 2,650 3,013 3,301 1,960 2,408 2,886 3,272
w 2,337 3,200 3,713 4,109 2,260 . 3,011 3,587 4,042
100 2,637 3,700 4,360 4,615 2,535 3,500 4,187 4,436
S Nwithinl - I within N N within _I Iwithin N
SEmt 144 - 150 130 136
. CD (P=0.05) . 1298 302 269 275
Details of treatments are given under Materials and Methods -. v
Table 4. Influence of irrigation, nitrogen and zinc on moistﬁre use by late-sown wheat
Treatment Seasonal consumptive , Water-use efficiency Moisture-use rate
water use (mm) " (kg grains/m® water used) © (mm/day)
1999-2000 2000-2001 - 1999-2000 - 2000-2001 1999-2000 2000~-2001
Irrigation _ ; :
I ' 191.5 178.2 1.22 1.26 1.60 1.49
I ' 2327 2237 1.37 1.33 1.94 1.86
L 276.1 249.1 1.34 1.42 2.30 2.08
1 3284 - 301.7 1.22 1.31 2.74 2.51
Nitrogen o : _ | _ | B
N, 253.1 2344 o109 1.12 2.11 1.95
- Ng 257.1 237.9 "~ 1.30 1.35 - 214, 1.98
‘Nyw 261.3 2422 146 1.52 2.18 2.02
Zinc : ;
YA 257.1 238.2. 1.27 1.32 2.14 1.98
Z 257.2 238.2. 1.34 7198

Details of treatments are given under Materials and Methods
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- Nitrogen application (Table 2) increased the harvest:

index significantly over the control in both seasons. In the
- first season, however, N¢ and N,,, were at par. Maximum
. harvest index was under N (38 3% in 1999-2000 and
38.4% in 2000-2001). Zrnc application did not bring
about any significant change over the control.

Effect of irrigation on moisture use .
- The seasonal consumptive use of water (CU) and daily
~ moisture-use rate of wheat increased progressively with
* the increase in irrigation frequency The maximum values
» L, I, and I respectlvely
(Table 4). The increased soil water-use rate at higher soil-
moisture avarlabrllty was probably due to enhanced
growth leading to higher leaf-area indices and stomatal ap-
eftures opening for longer perlods of time (Slatyer 1967
- Davis, 1994). e
- . Water-use efficiency (WUE) of wheat dld not follow
the same trend as CU, since the grain increase did not
' commensurate with increase in evapotranspiration under
- enhanced water supply (Table 4). Four irrigation treatment
@) consumed the maximum amount of water, but could
not increase grain yield in the same proportion as treat-
ments I, and I,. Water-use efficiency was the maximum
with 2 irrigations (L,) given at CRI and flowering stages in
the first season and with 1 irrigation (I,) given at CRI stage
in the second season, followed by no post-sowing treat-
ment (I)). On the other hand, crop receiving no post-sow-
ing irrigation (I) treatment gave the lowest grain yield, but
also used soil water more economically by regulating
there stomatal opening and physrologlcal activities to-
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wards grain production (Slatyer, 1967). Similar findings
were reported by Mishra et al. (1994), Pal et al. (1996)

~ and Chandra et al. (1999).

The range of seasonal soil moisture extracted was

58.1-65.8% from the 030 cm soil profile, 21.62-19.30%

from 30—60 cm soil profile and sharply declined thereaf-
ter to 7.10-5.32% from 90-1 20 cm soil layer during both

" seasons (Table 5). The contribution of top 30 c¢m soil layer

to total water use increased with the increase in irrigations

. because of more moisture availability and greater root pro-

liferation in this layer, besides surface evaporation would

*_be more from frequently irrigated plots. Plants extracted
~ more water from deeper soil layers when crop experienced
. water stress (I) because, with the drying of the surface soil

layer, the watér potential dropped in this layer which
forced roots to enter deeper into the profile having higher

" water potentials. Being new and active, the roots absorbed

proportionately more water. This corroborated the findings
of Kumar et al. (1986) and Mlshra et al. (1994).

Effect of mtrogen on water use

Applied N had marginal and significant influence on
seasonal CU and moisture use rate, but the highest CU
was recorded with 100 kg N/ha treatment. Water-use effi-
ciency was also increased with addition of N fertilizer to
a maximum with 100 kg N/ha in both the seasons (Table
4). This is because applied higher N results in higher grain
yield, which is proportionately more than the increase in
water use thereby resulting into higher WUE. Tomar et al.
(1993) and Mishra ez al (1994) also reported similar find-
ings.

f Table 5. Influence of i 1mgatron mtrogen and zinc on the soil morsture-extractron pattem (%) by late-sown wheat

'IA‘reatment, 1999—2000 ' 2000—2001
‘ - Soil layer , ‘ Soil layer
1 0-30 30-60 -60-90 90-120 1030 30-60 ~60-90 90-120
-cm cm - cm ‘cm - cm cm - cm cm
b;rigation'l ; f s : . B :
I 59.35 21.90 1165 7.10° 5810 21.62 1250 7.5
I - 61.50 21.98 112 6.40 60.15 21.00 1205 6.80
L 64.32 20.05 10.00 5.63 61.62 2025 11.65 . 6.48
I 65.80 19.30 9.58 5.32 64.68 T 1972 10.13 547
Nitrogen k ‘ B : ‘ _
N, 63.56 20.70. 10.58 516 61.43 20.54 - 11.78 6.26
N, 62.94 20.53 10.60 5.94 61.13 20.63 11.60 6.65
N,w0 61.73 20.45 10.59 7.24 60.86 20.78 ~11.40 6.96
Zinc ) : ' ’ : -
zZ 62.69 20.54. 10.56 6.21 61.10 20.62 -11.56 6.73
Z 62.79 20.58 10.62 6.02 61.18 © 20.68- 11.63 6.53

Details of treatments are given under Materials and Methods
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Nitrogen épplication‘ did not enhance the soil-moisture
extraction (Table 5). This was in agreement with the find-
ings of Yadav and Kumar (1991).
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