Indian Journal of Agronomy 51 (2) : 131—134 (June 2006)

Root growth, yield and economics of wheat (Triticum aestivum) as affected by
irrigation and tillage practices in south Bihar

§.S. SINGH, L.K. PRASAD anND A. UPADHYAYA

ICAR Research Complex for Eastern Region, P.O. Phulwari Sharif, Patna, Bihar 80] 505

Received : May 2005

ABSTRACT

A field experiment was carried out during 3 winter seasons from 2000-01 to 2002—-03 at Patna, to find out ef-
fect of tillage practices, viz. zero tillage, bed planting and conventional, and irrigation levels, viz. 3, 5, 7 and 9 cm
depth on rooting behaviour, yield and economics of wheat [( Triticun aestivum (L.) emend. Fiori & Paol.] in Usti-
psamment soils. Root characters iike area (10.5 cm?) and length (48.1 cm) were highest in bed planting, fol-
lowed by conventional and zero tillage at tillering as well as flowering stages. Highest grain yield of 36.6 g/ha
was obtained in zero tillage, followed by conventional tillage (34.1 g/ha) and bed planting (31.5 g/ha). Irrigation
at 7 cm water depth resulted in maximum grain (34.2 g/ha) and straw yields. Highest water-use efficiency (375
kg/ha-cm) was recorded with bed planting. A significant positive linear relationship was observed between

irrgation depths and root growth and grain yield.
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Wheat is the second most important cereal crop after
rice in Bihar. Conventionally, the crop is sown on a fine
seedbed but tillage practices for wheat establishment are
changing in Indo-Gangetic Plains. In north-western part of
India including Haryana and Punjab, raised bed sowing is
gaining popularity while in northern Uttar Pradesh as well
as in few pockets of Bihar plains, zero tillage has found
acceptance with the farmers.

These tillage practices (zero tillage and bed planting)
influence the root growth, crop establishment and thereby
water and nutrient uptake. Different establishment meth-
ads, irrigation levels and its influence on growth param-
eters and grain yield of wheat have not been studied sys-
tematically especially in south Bihar, the present study was
undertaken to find out suitable method of sowing and op-
timurn depth of irrigation for wheat in heavy soils.

MATERIALS AND METHODS

The field experiment was conducted during the winter
seasons of 2000-01, 2001-02 and 200203 at Sabajpura
Experimental Farm, Patna (Bihar), in clay-loam soils.
Rice~wheat cropping system has been in the field since
last 10 years. In past conventional puddle transplanted
rice followed by conventional broadcast and ploughed
wheat was taken every year. A total of 12 treatment com-
binations having 3 methods of tillage, zero tillage, raised
bed sowing and conventional method (tractor ploughing
and broadcast sowing) as control, in main plots and 4 ir-

rigation water regimes, viz. 3 cm, 5 cm, 7 cm and 9 cm,
in sub-plot treatments were laid out in split-plot design
with 3 replications. Wheat ‘PBW 343’ was sown on 24,
24 and 17 December in 2000, 2001 and 2002 respectively
at a spacing of 20 cm between the rows. Seed rate was
125 kg/ha in conventional and zero tillage and 100 kg/ha
for bed planting. The fertilizer dose applied was 100, 50
and 40 kg/ha of N, PO, and K,O. Four irrigations were
given in all treatments at 4 depths (3,5,7,9 cm) at different
critical stages of the crop.

The soil was Ustipsamments under Gangetic alluvium
plains. The clay-loam soil with almost neutral pH (1:2 ra-
tio) 7.3 had electrical conductivity (1:2 ratio) 0.263 dS/m,
organic carbon 0.58%, available N 253 kg/ha, available P
26.5 kg/ha and available K 373 kg/ha. Stage-wise root
studies were conducted by taking volumetric soil samples
and using root analyser-based technique on automated
quantification of roots in the laboratory. Weed parameters
were also recorded. Relationship between root param-
eters, moisture regime and grain yield was evolved using
multiple linear regression technique.

RESULTS AND DISCUSSION

Root characteristics

There was significant variation in root area of wheat
due to tillage practices. The maximum root area was ob-
served at tillering stage in case of raised bed method fol-
lowed by conventional tillage and zero tillage. At flowering
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stage the root area was maximum in raised bed followed
by zero tillage method. The maximum values were re-
corded at 7 cm followed by 9 cm, and the minimum val-
ues at 3 cm depth of irrigation (Table 1). The favourable.
tilth with lower bulk density values (1.42-1.45 g/cm?®) in
raised bed compared to zero tilled soils (1.50-1.52 g/cm?)
and with a combination of irrigation level (7 cm) enhanced
the root growth. ‘

The number of finer roots with an average root diam-
eter of 0.39 mm increased the effective root area. The
total root length density of wheat at the 0 to 0.6-m profile
was maximum under conventional tillage, and minimum
under zero tillage, as observed by Surendra Singh et al.
(2004). Reduced tillage system resulted in wheat root
length density equivalent or even higher than the conven-
tional tillage in a semi-arid region (Berzegar et al., 2004).
Differences in resistance to buckling may be more impor-
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tant than any differences in root elongation rate once a root
reaches the strong soil (Clark et al., 2003).

Root diameter was lowest in conventional tillage and
highest in raised bed at tillering stage but there was no sig-
nificant change in further. During initial phase of crop,
primary root development in raised beds was fast as indi-
cated by larger root diameter. The average root diameter
was maximum in higher irrigation water depth (9 cm).
Root length was also maximum at tillering, raised bed, and
followed by conventional method and zero tillage on the
other hand. (Table 1) At flowering, it remained maximum
in raised bed but it was at par with zero tillage method.
The inhibition of root growth by possible mechanical im-
pedance of soil can be reduced in later stages of wheat
growth, The maximum root length was observed under 9
cm depth of irrigation; however it was not superior to 7
cm at both the tillering and flowering stages. Similarly,

Table 1. Effect of tillage practice and irrigation depth on root characteristics of wheat at vegetative and reproductive stages (pooled data of 3

years)
Treatment Root area (cm?) Root length (cm) Surface density (mm?*ml) Root diameter (mm)
Tillering Flowering Tillering Flowering Tillering Flowering Tillering Flowering
Tillage practice
Conventional tillage 44 7.0 35.9 37.1 126.7 2044 0.38 0.49
Zero tillage 3.8 43 33.1 399 101.3 191.9 0.39 0.41
Raised bed 53 10.5 41.3 48.1 1139 267.5 0.40 . 039
CD (P=0.05) 0.9 0.5 1.0 9.2 22 0.9 0.02 0.02
Irrigation depth (cm)
3 29 6.0 29.5 29.6 79.7 170.6 0.36 0.36
5 4.2 8.4 35.7 43.6 109.4 230.9 0.38 0.39
7 5.6 10.2 40.8 45.7 124.4 255.7 0.40 0.46
9 53 8.5 41.0 47.9 1423 2279 0.42 0.51
CD (P=0.05) 0.9 0.6 0.9 7.9 1.1 0.2 0.02

Table 2. Effect of tillage method and irrigation water depth on grain, straw yield and water-use efficiency of wheat

Treatment Grain yield (g/ha) Straw yield (g/ha) Ears (no./m? Water-use efficiency
2000~ 2001- 2002— Mean 2000- 2001- 2002- Mean 2000- 2001- 2002— Mean 2000- 2001- 2002— Mean
01 02 03 01 02 03 01 02 03 01 02 03
Tillage method
ZT 326 370 402 36.6 423 486 544 484 3119 3195 4366 3336 153 178 189 173
RB 321 298 327 315 4235 39.0 432 415 281.8 2604 3814 3560 387 354 385 375
CS 323 323 378 341 4266 426 505 453 303.0 2959 4020 3079 135 134 158 142

CD (P=0.05) 1.8 23 2.8 23 NS NS NS NS 285 573 255 474
Irrigation depth (cm)

3 309 28.8 358 31.8 4204 391 497 43.6 280.7 2864 3905 3182 257 240 298 265
5 332 297 370 333 4283 37.6 478 427 3074 290.2 405.7 3344 166 148 185 166
7 335 308 383 342 4289 350 488 43.6 3135 2992 4189 3438 120 110 137 123
9 31.7 294 36.6 326 4176 386 478 427 2938 2924 411.7 3326 88 82 102 91

CD (P=0.05) 1.8 1.7 31 22 NS NS NS NS 299 124 339 111

ZT, Zero tillage; RB, raised bed; CS, conventional sowing
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root surface density at flowering stage was highest in
raised bed and lowest in conventional method. Surface
density at flowering stage was maximum under 7 cm irri-
gation level followed by 5 cm (Table 1). The lowest value
was at 3 cm irrigation level. This could be due to better
development of finer roots with availability of water in
raised beds with time. Zhang Xi Ying et al. (2004) also
observed that root length density of wheat in the top layer
of soil (020 cm) was very high and the distribution of
water uptake from the soil profile under high soil moisture
conditions was the same as the distribution of root length
density and played an important role in soil water uptake.

Grain yield

There was significant effect of tillage practice on grain
and straw yields of wheat. The maximum grain and straw
yields were recorded under zero tillage, followed by con-
ventional tillage and raised bed method. Singh et al.
(2004) also reported that wheat yield was maximum un-
der the zero tillage condition of direct sowing.

There was significant effect of water management
practices on grain yield, being maximum with 7 cm fol-
lowed by 5 cm and 9 cm. The lowest grain yield was ob-
served in 3 cm water. There was non-significant effect
of water regimes on straw yield of the crop.

Relationship between root parameters, irrigation
depth and grain yield
The roots play an important role in uptake of nutrients
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and water, which are essential for the growth of above-
ground parts of the plant. The favourable soil physical
conditions and improved water availability enhances root
growth and thereby the yield. The regression analysis re-
vealed that there was a significant positive linear relation-
ship between growth of root parameters (root length and
root surface density) and grain yield. The resulted relation-
ship were (i) Grain yield = 26.18 + (0.03576* Surface
density)— (0.867* Irrigation depth) and (ii) Grain yield =
19.17 + (0.5154* Root length)—(0.8555* Irrigation depth).
The above relationship showed that root growth was in-
fluenced by the different depths of irrigation water applied
in turn on grain yield. Similar observations were also made
by Izumi et al. (2004) and revcaled that root length per
unit area had a significant positive correlation with both the
total shoot biomass and yield in wheat.

Economics

Adoption of zero tillage saved total Rs 1,783/ha towards
land preparation and sowing (Rs 1,233) and irrigation (Rs
451). The total benefit from yield gain and saving of re-
turns was Rs 3,467/ha in zero tillage. Maximum benefit of
Rs 5,195/ha was obtained at 7 cm irrigation depth. Under
bed planting, excess amount of Rs 800/ha was incurred in
crop establishment during first year but overall saving was
Rs 533/ha. Although, there was a loss of Rs 1,592/ha
under bed planting due to low yield, Rs 2,605/ha was
saved from irrigation water application. Thus, there was a
net change in benefit of Rs 1,987/ha owing to bed planting

Table 3. Economics of tillage practices and irrigation depth in wheat under heavy soils of south Bihar (pooled data of 3 years)

Treatment Expenditure Total mean Total Saving from Saving owing Additional Net change in
under land irrigation irrigation cost  irrigation over to tillage income owing  benefit Rs/ha
preparation water @ Rs recommended practices to treatment (a+b+c)
and sowing applied 167/ha-cm 24 cm depth (Rs/ha) over control
(Rs/ha) (ha-cm) (Rs/ha) (Rs/ha) (a) b) (Rs/ha) (c)
Tillage practice
Zero tillage 800 213 3,557 451 1,233 1,783 3,467
Raised bed 2,800 8.5 1,403 2,605 533 -1,592 1,546
Conventional 2,000 24.0 4,008
tillage
Zero tillage
3cm 21.1 3,508 500 1,233 566 2,299
5cm 21.2 3,540 468 1,233 1,751 3,452
7 cm 214 3,574 434 1,233 3,528 5,195
9cm 216 3,600 408 1,233 -320 1,321
Raised bed
3cm 8.0 1,336 2,659 533 1,205 1,987
Scm 83 1,389 2,619 533 1,422 1,730
7 cm 85 1,418 2,623 533 2,798 358
9cm 8.6 1,437 2,571 533 2,735 369

Grain @ 550 in first year and Rs 600 in second and third year; straw @ 100/q
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with 3 cm water depth when compared to conventional
sowing with recommended dose of irrigation (Table 3).
The highest water-use efficiency (WUE) of 375 kg/ha-cm
was recorded in raised bed method. The WUE in zero till-
age (173) was higher than that in conventional system
(142), but both were at par. This might be due to high sav-
ing of irrigation water in only first irrigation in ZT. In-
creasing depth of irrigation lowered the WUE. An irrigation
depth of 5 cm was found significantly superior to 9 cm
for WUE and difference in WUE between 5 and 7 cm ir-
rigation depth was at par (Table 2).

Thus raised bed method of crop establishment and 7
cm irrigation level resulted in better grain yield as well as
root growth of wheat compared to the zero and conven-
tional tillage. A linear positive relationship was found be-
tween different root growth parameters, irrigation depth
and grain yield.
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