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ABSTRACT 
A field experiment was conducted during the winter season of 1995-96 and 

1996-97 on sandy-loam soil of Ranchi, to study the production potential and 
water-use efficiency of wheat (Triticum aestivum L. emend. Fiori & Paol.) 
cultivars under different dates of seeding and irrigation level. Yield, yield 
attributes and water-use efficiency of 'HUW 234' and 'K 9006' were significantly 
higher when crop was sown timely on 21 November. The crop which received 4 
irrigations showed maximum grain yield and water-use efficiency. Both the above 

- cultivars did not show any significant difference in for yield and yield-attributing 
characters, but cultivar 'HUW 234' showed higher water-use efficiency (7.54 kg 
grainlha-mm) than cultivar 'K 9006' (7.14 kg grainlha-mm). 
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Wheat is the most accomodating crop in critical plant-development stages limits 
different cropping systems, as it can be produc~ivity at later sowings (Mahajan and 
grown after rice, maize, cotton, grain Nayeem, 1990). Adequate soil moisture is 
legumes, roria, groundnut, sugarcane and required for normal development of wheat 

, potato etc. However, p~oductivity of wheat crop at all stages of growth which can be 
genotypes' depends largely on the created by timely scheduling of irrigation 
prevailing weather conditions and soil- (Prihar, 2000). Choice of crop cultivar is 
moisture regime during crop-growth also a vital production input as all the 
period. Temperature affects growth and cultivars of wheat cannot perform equally 
development of wheat to a great extent and well under timely and late-sown condition 
decides production potential and optimum (Singh et al. 1998). Since there is lack of 
seeding time in each agroecological region information on .these aspects in the region, 

,= of the country. Higher temperature at the present investigation was undertaken to 
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study the production potential and water- 
use efficiency of wheat cultivars under 
different dates of sowing and irrigation 
level. 

MATERIALS AND METHODS 

The field experiment was conducted 
during 1995-96 and 1996-97 at Birs.a 'Agri- 
cultural University farm, Ranchi 
(Jharkhand), having sandy-loam soil, low in 

. available N (198 kglha), medium in availa- 
ble P (17.2 kglha) and K (129.23 kg/ha) 
and low in water-retention capacity C95.6 
mm available water160 cm soil-depth), with 
6.2 pH. The experiment was carried out in 
split-plot design with 3 replications and 24 
treatment combinations. The main plot 
consisted of 3 seeding times, viz. timely (21 

I November), moderately late (7 December), 
late (21 December), very late (7 January,) 
and 3'irrigation levels, viz. irrigation at 
crown-root initiation (CRI) and boot stages 
(BT); irrigation at crown-root initiation, 
boot and milk stages (MK); and irrigation at 
crown-root initiation, maximum tillering 
(MT), boot and milk stages, while subplot 
treatments consisted of 2 wheat cultivars 
('HUW 234' and 'K 9006'). Wheat crop 
was sown 20 cm apart at 5 cm soil depth 
with a seed rate of 125 kglha. The crop 
received uniform doses of plant nutrients @ 
80 kg N, 40 k.g P20, and 20 kg K20/ha 
through urea, single superphosphate and 
muriate of potash respectively. Half of the 
nitrogen and full doses of phosphorus and 
potash were applied basal at the time of 
sowing. The remaining nitrogen was 
applied after first irrigation at crown-root 
initiation. The crop had received 5 + 1 cm 
water during each irrigation as per 

treatment apart from 86.7 cm and 45.2 mm 
rainfall during the first and second year of 
experimentation respectively. The mean 
monthly thermal index was 18.6 +. 1.28, 
15.53 + 1.45, 15.17 + 1.17, 17.79 + 2.37, 
23.19 + 2.46 and 26.04 12 .42  "C in the 
first year and 17.48 + 0.37, 14.65 -c 2.23, 
13.78 & 1.55, 16.78 + 2.48, 23.13 k 2.06 
and 24.19 + 1.92"C in the second year 
during November, December, January, 
February, March and first fortnight of April 
respectively. Thus, wheat crop experienced 
gradually decreasing mean temperature up 
to boot stage in timely seeded condition, up 
to maximum tillering stage in moderately 
late and late-seeded crop and up to crown- 
root-initiation stage in very late-seeded crop 
and thereafter temperature starts rising. 

RESULTS AND DISCUSSION 

Yield and yield attributes 
Seeding time significantly influenced the 

number of spike-bearing tillers, spike 
length, fertile spikeletslspike and 1,000- 
grain weight (Table 1). Timely seeded 
wheat crop showed the maximum spike 
bearing tillers/m2, grainlspike and 1,000- 
grain weight and resulted in highest grain 
and straw yields. All these parameters were 
decreased by progressive delay in seeding 
time. Timely seeded crop took morF days to 
complete its life-cycle (seeding to physio- 
logical maturity) compared with later- 
seeded crops (Tables 1,2). Each day delay 
in seeding beyond timely seeding to modc- 
rately late, late and very late seeding 
reduced the grain yield by 35.6, 41.2 and 
43.9 kg/ha day respectively in pooled mean. 
Significantly higher yield and yield- 
attributing characters of timely seeded 
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Table 1. Yield-attributing characters of wheat cultivars under different seeding dates and irrigation levels 
(pooled data of 1995-96 and 1996-97 

- Treatment Effective Spike Fertile Grains1 . 1,000-grain 
tillers/m2 length spikeletsl spike weight (g) 

(cm> spike 

Seeding time 
Timely 328.9 10.0 17.5 39.9 43.7 
Moderate late 275.1 . '9.5 16.4 36.5 , . 10.3 
Late 236.8 9.1 14.7 33.5 35.3 
Very late 192.7 8.7 12.6 30.9 32.0 

CD (P=0.05) 14.2 0.5 0.6 4.1 1.5 

Irrigation level 
CRI + BT 230.9 9.0 14.4 32.3 36.2 
CRI + BT + MK 250.7 9.3 15.2 35.0 37.7 
CRI + MT + BT + MK 293.5 9.7 16.3 38.3 39.6 

CD (P=0.05) 12.2 0.3 0.5 3.5 1.3 

Ciltivar 
'HUW 234' 259.1 9.2 15.4 35.6 38.1 
'K 9006' 257.7 9.5 15.3 34.8 37.6 

CD (P=0.05) NS NS NS NS NS 

rC 
CRI, Crown-root initiation; BT, boot; NK, milking; MT, m&imum tillering 

wheat was owing to relatively more favou- 
rable temperature experienced by the crop 
during its crop season. Gradually increasing 
temperature from timely seeding to delayed 
seeding proportionately reduced tile vege- 
tative growth duration while ascending post 
- January temperature accelerated transition 
from vegetative to generative phase, conse- 
quently reduced the duration of tillering 
which inturn decreased ihe spike-bearing 
tillers in moderately late to very late-seeded 
crop. Tewari and Singh (1993) and Verma 
et al. (1997) also reported similar findings 
from their study. 

Crop which received 4 irrigations (at 
CRI, maximum tillering, boot and milk 
stages) produced significantly more spike- 
bearing tillers/m2, spike length, fertile 
spikeletstspike, grains/spike and 1,000- 

grain weight than those which received 2 
and 3 irrigations only. Crop raised with 4 
irrigations also gave significantly more 
grain yield than the crop raised with 2 or 3 
irrigati~ns. Similar trend was recorded for 
straw yield. This increase in grain yield was 
owing to beneficial effect of soil-moisture 
regime with 4 irrigations (Bhan et a l . ,  
1990). 

'HUW 234' and 'K 9006' did not differ 
significantly in respect of -grain and straw 
yields. It may be due to similar number of 
spike-bearing tillers/m2, spike length, fertile 
spikeletstspike, grainstspike and test weight. 

Interaction effect 
Grains/spike : Interaction of seeding 

time and irigation was significant during 
1996-97. Late-seeded wheat with 4 



Table 2. Yield, crop duration, consumptive water use and water-use efficiency of wheat cultivars under different seeding dates and irrigation levels 
w ,  

Treatment Grain yield Straw yield Crop Consumptive Water-use 
(qfl.la) duration water use efieiency 

(days) (kg grain/ (kg grain/ 
1995-96 1996-97 Pooled 1995-96 199697 Pooled mm) ha-mm) 

Seeding time 
Timely 

Moderately late 30.4 24.9 27.7 39.0 38.7 38.9 111.0 359.4 8.46 

Late 22.0- 19.3 20.7 32.7 32.2 32.4 104.6 334.5 6.58 

Very late 

- .  V, Irrigation level 5 
CRI + BT 22.6 18.9 20.7 29.9 30.2 30.1 104.8 310.6 < 7.27 > 
CRI +BT + MK 25.3 21.7 23.5 34.4 33.7 34.0 107.0 345.4 7.3 1 2 
CRI + MT + BT + MK 28.6 24.8 26.7 40.2 39.5 39.8 111.3 384.5 7.43 b 

Q 

(Yultivar 

'HUW 234' 25.8 21.7 23.7 34.9 34.2 34.6 105.9 341.1 7.54 

'K 9006' 25.2 21.9 23.6 34.8 34.7 34.7 109.5 352.5 7.14 

'CD (P=0.05) NS NS NS NS NS NS 

CRI, Crown-root initiation; BT, boot; MK, milking; MT, maximum tillering 
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irrigations produced equal number of 
grainslspike as that of timely seeded wheat 
with 2 irrigations and moderately late 
seeded wheat with 3 irrigations. Similarly, 
moderately late-seeded wheat with imga- 
tions produced as much grainslspike as that 
of timely-seeded wheat with 3 irrigations 
(Table 3). 

Grain yield: Interaction between seeding 
dates and irrigation level on grain yield was 
significant during 1996-97. Moderately 
late-seeded crop grown with 4 irrigations at 
crown-root initiation, maximum tillering, 
boot and milk stages gave similar grain 
yield as that of timely seeded crop raised 
with 2 irrigations at crown-root initiation 
and boot stages (Table 4). 

Water requirement and water-use 
efficiency 

Timely seeded crop consumed 
maximum water (395.3 mm), which was 
10, 18.2 and 32.6% more than the water 
used by moderately late, late and very late- 
seeded crop respectively (Table 2). Sea- 
sonal consumptive water use decreased in 
proportion with delay in seeding time and 
increased with increase in irrigation fre- 
quency. Prahbha er al. (1994) also observed 
similar results. 

Water-use efficiency of timely-seeded 
wheat was the maximum and decreased by 
4.6,25.8 and 45.4% in moderately late, late 
and very late-seeded sheat respectively 
(Table 2). Wheat crop which recieved 4 

Table 3. Interaction effect of seeding time and imgation levels on number of grainslspike of wheat 
fl cultivar (1 996-97) 

Imgation level Seeding time 

Ti me1 y Moderately Late Very late 
late 

- 

CRI + BT 33.7 31.9 29.5 28.6 
CRI + BT + MK 36.3 34.0 31.4 30.5 
CRI+MT+BT+MK 40.9 37.4 33.8 32.8 

CD (P=0.05) 1.1 

CRI, Crown-root initiation; BT, boot; MK, milking; MT, maximum tillering 

. Table 4. Interaction effect of s'eeding time and irrigation levels on number of grain yield (qlha) of wheat 
, 

cultivar.(l996-97) 

Irrigation level Seeding time 

Timely Moderate1 y Late Very late 
late 

CRI + BT 28.3 21.7 15.9 9.5 
CRI + B T +  MK 31.3 25.1 18.4 12.2 
CRI + M T +  BT+MK 33.4 28.0 23.5 14.4 

CD (P=0.05) 1.1 
- ,- 

CRI, Crown-root initiation; BT, boot; MK, milking; MT, maximum tillering 
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irrigations at the crown-root initiation, influenced by irrigation, seeding date and fer- 

maximum tillering, boot and milk stages tilizer. Indian Journal ofAgricultura1 Sciences 

recorded the maximum water-use effici- 66(6) : 177-179. 
Pratibha, G., Ramaiah, N.V. and Satyanarayana, V. 

ency and was higher than that of and 1994. Studies on consumptive water use, 
irrigations. Pal etal.  (1996) also reported ' WL'E, soil-moisture extraction pattern by 
similar increase in water-use efficiency wheat genotypes under varying inigations ap- 
with increase in irrigation frequency. Wheat plied at different physiological stages. Journal 

cultivar 'K go&' consumed more wat& than of Research, Andhra Pradesh Agricultural 

'HUW 234' , but water-use efficiency of University 22 : 33-34. 
Parihar, S.S. 2000. Alleviating soil physical con- 

'HUW 234' was higher than that 'K 9006'. - 

straints for sustainable crop production. (In) 
It was concluded that seeding and Proceedings of International Conference of 

irrigation at crown-root initiation, maxi- Managing Natural Resources for Sustainable 
mum tillering, boot and milk stages favou- Agricultural Production in 21St Century. Ex- 

rably influences the grain yield and water- tended Summaries 1 : 38. 

use efficiency of wheat cultivars to a great Singh* Dhananj~a, Kumar, Agarawal, R.L. and 
Ahuja, K.N. 1998. Response of wheat variet- extent. ies to different seeding dates for agroclimatic 
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