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Effect of tillage and nutrient management on resource conservation and
productivity of wheat (Triticum aestivum)
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ABSTRACT

A field experiment was conducted from 2003 to 2005 at Jammu Chatha to study the effect of tillage and nutri-
ent management on resource conservation and productivity of wheat [ Triticum aestivum (L.) Fiori & Paol.] in
basmatirice (Oryza sativa L.) - wheat system. Zero tillage significantly improved the physico-chemical properties
of soil viz., available N, P and K with concomitant increase in field capacity storage, permanent wilting point and
soil moisture content. Bulk density values in the soil layers of 0-15 and 15-30 cm depth were higher under zero
tillage. Conventional tillage though recorded 5.2 and 3.6% more grain yield of wheat than zero tillage. Tillage
methods did not influence dry matter accumulation, grain and biological yields of wheat during both the years.
Increasing fertility level from 75 to 100% of recommended fertilizer dose (100, 50 and 25 kg/ha of N, P and K)
significantly increased the growth and yield of wheat during both the years, whereas further increase in recom-
mended dose to 125% did not show significant impact on growth and yield of wheat.
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Indiscriminate use of chemical fertilizers, intensive till-
age and other faulty management practices have threat-
ened the sustainability of the rice-wheat cropping system
in north-western India. Productivity of this system is de-
clining, both the crops being nutrient exhaustive, deterio-
rate soil fertility and pose great threat to the natural re-
sources (Prasad, 2005). Therefore, it becomes imperative
to sustain the productivity of this cropping system
through aternative and efficient technologies such as zero
tillage. Zerottillageis emerging asaway of transition to the
sustainability of intensive production systems, besides,
generating net social gains to society (Bhale and Wanjari,
2009). It permits management of water and soil for agri-
cultural production without excessive disturbance to soil.
The sowing with zero-till drill not only facilitates timely
sowing of wheat on residual soil moisture but also im-
proves the soil health as the plant stand is influenced by
moisture content, tillage and time of sowing. Further,
from a study conducted on the fate of soil carbon in the
USA, it was reported that when adoption rate of conser-
vation tillage is 76%, zero tillage would contribute to in-
crease carbon deposits into soil by almost 400 m tonnes
thus would improve soil fertility (Reicosky, 2005). More-
over, Jammu region is known for its basmati rice, where
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wheat sowing is usually delayed due to long duration of
basmati rice. Therefore, the study was undertaken to as-
sess the performance of zero and conventional tillage un-
der variousfertility levels and time of N application on the
growth and yield of wheat besides the moisture conserva-
tion and fertility status of the soil.

MATERIALS AND METHODS

A field experiment was conducted at the Research
Farm, Chatha of Sher-e-Kashmir University of Agricul-
tural Sciences and Technology of Jammu during the
kharif and rabi of 2003-04 to 2004-05. The soil of the
experimental field was sandy-clay-loam in texture, dightly
alkaline (pH 7.8), low in organic C (0.34 %) and available
N (214 kg/ha) and medium in available P (13.8 kg/ha) and
K (129.8kg/ha). The experimental site was under potato
crop for two seasons before sowing of experimental
crop.

Basmati rice (‘B-370") during kharif was followed by
wheat (‘PBW-343") during rabi. Rice crop was raised as
auniform crop under puddled transplanted conditions. On
the succeeding wheat crop, 30 treatment combinations
comprising of two tillage methods, viz zero and conven-
tional and three fertility levels, viz., 75, 100 and 125% of
recommended fertilizer dose in main-plots and 5 N-splits
viz., N-0:50:50, N,-20:40:40, N-33:33:33, N,-50:25:25
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and N_-50:50:0 in sub-plots, were imposed. The experi-
ment was arranged in split plot design with 3 replications.
The wheat was sown at 20 cm row spacing under both
conventional and no-till method with a seed rate of 100 kg/
ha. In conventional tillage, the field was ploughed twice
with disc harrow to get fine seed bed and sowing was
done on 26 and 21 November; whereas sowing in zero-
tilled plots was taken directly after harvest of basmati rice
on 18 and 14 November in 2003-04 and 2004-05, respec-
tively, on residual soil moisture. The recommended dose
of N: P: K fertilizer for rice crop was 30:20:10 kg/ha,
whereas wheat crop was fertilized with N: P: K @
100:50:25 kg/ha respectively, using urea, diammonium
phosphate and muriate of potash as source of fertilizers.
Full dose of P and K along with half of N were applied as
basal in both the crops and remaining N was applied in 2
splitsat 30 and 60 days after transplanting in basmati rice,
and as per treatment in wheat at crown root initiation
(CRI) and ear initiation (El) stages of the crop during both
the years of experimentation. Data on growth, yield at-
tributes, grain and biological yield of wheat were calcu-
lated as per the standard procedures. Both the crops were
irrigated as and when required. The rainfall received dur-
ing 2003-04 crop season was dightly higher than received
during 2004-05.

Soil water content was measured gravimetrically at O-
15, 15-30, 30-60 and 60-90 cm depths before sowing
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(Table 1) and at harvest (Table 5) of wheat crop. Depth-
wise bulk density values were determined using soil core
sampler at sowing and at harvest for each treatment. Wa-
ter content at each depth were averaged and converted to
avolume basis using a pre determined value of bulk den-
sity for respective treatment, time and depth.

Table 1. Initial physical characteristics of soil profile

Soil Field capacity PWP Available Bulk
depth % w/iw cm %w/w cm water  density
(cm) content (Mg/m?®)

(cm)

0-15 13.24  3.01 5.35 1.22 1.79 1.52
15-30 12.65 2.84 5.52 1.24 1.60 1.50
30-60 13.72  6.46 590 2.78 3.68 1.57
60-90 14.01 6.64 6.10 2.89 3.75 1.58
Total 18.95 8.13  10.82

RESULTS AND DISCUSSION
Growth and yield of wheat

Dry matter production (Table 2) of wheat increased
with advancement in crop age up to 90 DAS and thereaf-
ter increased gradually with decreasing rate up to harvest
stage. Tillage systems did not result in significant variation
in dry matter production at various growth stages, though
conventional tillage gave higher dry matter production

Table 2. Effect of tillage and fertilizer treatments on whesat dry matter production (t/ha) at various growth stages

Treatment Days after sowing
30 60 90 120 At harvest
Yl Y2 Yl Y2 Yl Y2 Yl Y2 Yl Y2
Tillage
Zero 0.38 0.39 2.03 2.10 4.62 4.65 6.83 7.01 7.85 8.05
Conventional 0.40 0.40 2.16 2.16 4.73 4.84 6.88 7.12 8.11 8.27
SEm+ 0.06 0.04 0.40 0.27 0.35 0.64 0.20 0.43 0.88 0.72
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS
Fertility level (RDF)
75% 0.38 0.38 197 2.02 454 4.55 6.70 6.89 7.60 7.76
100% 0.39 0.40 214 2.16 4.72 4.75 6.88 7.12 8.00 8.18
125% 0.40 0.40 2.17 221 477 4,93 6.98 7.17 8.34 8.54
SEm+ 0.09 0.07 0.05 0.04 0.06 0.07 0.05 0.02 0.12 0.14
CD (P=0.05) NS NS 0.16 0.14 0.16 0.20 0.16 0.08 0.34 0.39
N-splits
0:50:50 0.35 0.36 1.72 1.80 4.35 4.38 6.49 6.67 7.60 7.83
20:40:40 0.38 0.38 194 1.99 477 4.83 6.97 7.18 8.01 8.28
33:33:33 0.39 041 221 2.25 5.06 5.06 7.10 7.36 8.25 8.43
50:25:25 0.40 041 2.58 2.29 4.80 4,94 7.02 7.25 8.17 8.29
50:50:0 0.42 0.42 2.34 231 4.47 451 6.68 6.85 7.86 7.97
SEm+ 0.01 0.01 0.07 0.06 0.08 0.11 0.06 0.07 0.12 0.14
CD (P=0.05) 0.03 0.02 0.18 0.17 0.23 0.34 0.18 0.18 0.35 041

Y, - Year 2003-04; Y ,- Year 2004-05, N-splits: Basal, CRI, Ear initiation stage, RDF — 100:50:25
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over the zero tillage. Yield attributes viz., number of spikes/
2, number of grains per spike, spike weight and 1,000-
grain weight aswell asgrain and biological yield (Table 3)
did not differ significantly under two tillage methods. Zero
tillage advanced the sowing date and resulted in proper
placement of seed, early emergence of wheat seedlings
and availability of higher nutrient and moisture content,
which might have helped the crop to compete with the
crop sown under conventiona tillage. Results corroborate
to the findings given by Kumar and Yadav (2005).

Increasing fertilizer dose from 75 to 100% of recom-
mended dose significantly increased dry matter produc-
tion, yield attributes and grain and biological yield of
wheat (Table 3). However, further increase in fertilizer
dose to 125% of recommended dose didn’t increase the
dry matter production, yield attributes and grain and bio-
logical yield significantly. This may be dueto optimal sup-
ply of nutrients to the wheat crop upon use of recom-
mended dose of fertilizers, thereby resulting in better
growth and development of the crop.

Interaction of tillage system with fertility levelsreveded
that zero-tilled wheat responded up to 125% of recom-
mended fertilizer dose. Dry matter production and grain
yield of wheat was found to be significantly the highest at
125% fertility level than 100 and 75% fertility levels (Table
4). Inturn, under same tillage system, 100% fertility level
also produced significantly higher dry matter and grain
yield than 75% fertility level. However, under conventional
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tillage system these increased significantly only up to
100% fertility level and it remained at par with 125% fer-
tility level. This may be due to additional requirement of
nitrogen for proper decomposition of paddy (preceding
crop) stubbles under zero tilled conditions which after
mineralization may have supplied available nutrients to the
crop and also had solubilizing effect on fixed forms of
other nutrients. The results corroborate to the results of
Singh et al. (2001).

Application of N in three equal splits N, (33:33:33) as
basal dose, crown root initiation and ear initiation stage
resulted in significantly higher dry matter (Table 2), yield
attributes and grain and biological yield (Table 3) than N,
(0:50:50) and N, (50:50:0) splits but were at par with N,
(50:25:25) and N, (20:40:40) treatments. The increase in
grain and biologica yield may be due to the availability of
nitrogen at various critical crop growth stages in optimal
amount which might have increased the yield attributes of
wheat thus resulting in the increased grain and biological
yield. Thisisin conformity to the results of Kumar and
Yadav (2005).

Economics

Zero tillage method recorded 5.2 and 6.8% higher net
returns over conventiond tillage (Table 3) from 2003-04 to
2004-05 respectively. Higher net returns may be on ac-
count of savings on operational cost, diesel and time under
zero tillage. Net returnsincreased with increase in fertilizer

Table 3. Effect of tillage and fertilizer management on yield attributes, yield and economics of wheat

Treatment Spikes/m? Graing/spike 1000-grain Grainyield Biological yield Net returns
- weight (g) (t/ha) (t/ha) (Re/ha)
Yl Y2 Yl Y2 Yl Y2 Yl Y2 Yl Y2 Yl Y2
Tillage
Zero 240.5 2485 40.1 40.1 39.5 39.7 3.48 3.63 7.86 805 17,683 20,073
Conventional 246.1 256.0 42.3 425 41.2 414 3.66 3.76 8.10 827 16,696 18,800
SEm+ 2.01 255 0.76 0.81 0.62 0.53 0.04 0.05 0.28 0.05
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS
Fertility level (RDF)
75% 233.1 241.9 40.1 40.0 39.4 39.5 3.23 3.43 7.59 7.76 13562 16,762
100% 244.6 254.0 414 41.6 40.7 41.0 3.64 3.74 8.00 818 16,480 19,038
125% 251.3 269.8 422 42.2 41.0 41.2 3.85 3.94 8.33 854 17,929 20,402
SEm+ 2.68 331 033 0.29 0.19 0.18 0.08 0.07 0.14 0.17
CD (P=0.05) 8.2 10.7 11 1.0 0.67 0.62 0.27 0.20 0.34 0.39
N-splits
0:50:50 236.1 237.6 40.0 40.2 40.9 41.2 3.36 3.50 7.59 783 14,154 17,053
20:40:40 244.6 255.2 41.7 415 40.7 40.8 3.63 3.72 8.01 828 16,464 18,970
33:33:33 248.7 263.2 42.2 42.4 40.5 40.6 3.80 3.92 8.25 843 17,706 20,516
50:25:25 2458 259.4 41.7 41.9 40.0 40.3 3.66 3.79 8.16 829 16,648 19,408
50:50:0 2412 245.9 404 40.4 39.8 40.0 343 3.57 7.86 797 15051 17,855
SEm+ 274 359 025 0.64 0.16 0.20 0.08 0.07 0.17 0.16

CD (P=0.05) 84 111 NS NS 0.51

0.63 0.27 0.22 0.35 0.41

Y,, 2003-04 year, sz 2004-05 year.
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dose and maximum net returns were observed at 125% of
recommended fertilizer dose during both the years of
study. Among N-splits, the treatments receiving three
splits recorded more net returns than those receiving two
splits of nitrogen (N). The impact of treatments on grain
yield might have helped in getting higher profit.

Soil water content

Zero-tilled plots recorded higher valuesfor available soil
moisture storage in the soil profile (0-90 cm depth) than
conventional tillage. This may be due to improvement in
soil structure under zero tillage due to retention of rice
stubbles, which resulted in increased organic matter con-
tent thereby increasing the water holding capacity be-
tween field capacity and permanent wilting point (PWP)
(Table 5). Furthermore, undisturbed soil surface along
with the crop residues may have helped to reduce evapo-
ration losses by acting as mulch. The results are in con-
formity to those given by Prasad (2005). However, soil
moisture content remained unaffected under different fer-
tility levels and nitrogen splits.

Bulk density

Zero-tillage resulted in higher bulk density in the 0-15
and 15-30 cm depth, whereas bulk density under conven-
tional tillage reduced from initial value of 1.52 to 1.50
Mg/m?(Table 5). In the lower depths 30-60 and 60-90 cm
there was not much change in bulk density. Fertility levels
and N-splits did not register any variation in the bulk den-
sity. Under conventional tillage the ploughing and pulveri-
zation may be the cause for lower bulk density values.
Similar results were reported by Kumar and Yadav (2005)
and Chitale et al., (2007).
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Table 4. Interaction effect of tillage and fertility levelson grainyield
of wheat (t/ha)
Fertility levels (RDF) 2003-04 2004-05
zZT CT zZT CT

75% 311 336 337 35
100% 352 375 362 385
125% 382 390 392 395

SEm+ 0.08 0.07

CD (P=0.05) 0.27 0.29
Soil fertility status

Available N, P and K content of the soil at wheat har-
vest was not affected significantly due to two tillage
methods. Contrarily, zero-tilled plots (Table 6) recorded
numerically higher content of available nutrients which
may be attributed to retention of previous crop residues
and less leaching losses under zero-tillage. Rice stubbles
might have increased available P content by solublization
action of certain acids and displacement of phosphate or-
ganic anions formed during decomposition of organic
residues (Sharma, 2001). Similarly, available K content
was also higher under zero-tilled plots than conventional
tilled plots. Thisisin confirmation to the findings of
Chitale er al. (2007).

Available nutrient content was statistically highest at
125% of recommended dose of fertilizer followed by 100
and 75% of recommended dose of fertilizer. It may be
due to more availability of nutrients at higher fertility lev-
els and aso neutral pH of soil may have not impaired the
nutrient availability by way of fixing of nutrients especially
in case of phosphorus. Chandra et al. (2001) observed
similar results. All the five N-splits recorded similar con-
tent of available N, P and K. Though available N content

Table 5. Influence of tillage and nutrient management on available moisture storage (cm) and bulk density (Mg/m?®) in various soil depths at the

termination of study

Treatment FC

PWP Bulk density

0-15cm 15-30cm 30-60 cm 60-90cm 0-15cm 15-30cm 30-60cm 60-90cm 0-15cm  15-30 cm 30-60cm 60-90cm

Tillage method
Zero 321 2.90 6.28 7.94 1.28
Conventional 2.70 2.55 5.89 7.78 1.24
Fertiliy levels (% RDF)
75% 2.80 2.87 6.07 6.99 1.24
100% 3.07 245 6.55 7.75 1.29
125% 2.98 2.89 5.62 6.95 127
N-splits
0:50:50 2.95 271 6.19 7.88 1.28
20:40:40 3.01 2.66 6.59 7.02 1.27
33:33:33 2.90 2.57 6.33 8.12 1.28
50:25:25 2,77 2.76 5.85 6.97 1.27
50:50:0 3.07 291 5.44 6.33 1.23

153 2.88 3.20 153 1.60 1.48 150
1.49 2.82 3.16 150 1.59 1.48 1.49

1.48 2.84 3.18 151 1.60 1.49 150
1.59 2.86 3.15 151 1.60 147 150
1.49 2.82 321 153 1.60 1.49 1.48

1.48 2.80 317 153 161 1.46 147
1.49 2.84 3.26 153 1.60 151 151
158 2.86 3.20 1.49 158 1.49 150
151 2.87 3.16 151 1.60 147 150
1.56 2.88 311 151 161 1.48 1.49

FC, Field capacity; PWP, Permanent wilting point
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Table 6. Effect of tillage and nutrient management on soil fertility
status at the end of study

Treatment Available nutrients (kg/ha)
2003-04 2004-05
N P K N P K
Tillage method
Zero 2135 133 1291 2158 13.7 130.0
Conventional 2115 127 1280 2143 135 1292
SE m+ 0.63 0.24 040 058 0.05 0.33
CD (P=0.05) NS NS NS NS NS NS
Fertility levels (RDF)
75% 2105 123 1259 2128 129 1282
100% 2125 130 1289 2156 135 1295
125% 2146 138 1308 2167 145 1311
SEmz+ 0.94 0.19 063 084 018 037
CD (P=0.05) 3.05 0.66 184 244 061 1.04
N-splits
0:50:50 2137 127 1250 2160 135 1286
20:40:40 2123 129 1287 2153 137 1287
33:33:33 2136 133 1304 2151 135 1300
50:25:25 2130 134 1292 2146 135 1309
50:50:0 2117 128 1293 2143 139 1298
SEmz+ 0.71 0.27 155 051017 082

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

RDF — 100:50:25

in soil was higher in treatments receiving more N splits,
which may be due to reduction in N losses and continu-
ous availahility.

Thusit can be concluded that conventional-tilled wheat
recorded grain and biological yield statistically similar to
zero-tilled wheat. Zero-tilled plots showed gradual im-
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provement in conservation of resources, soil physical
properties and soil moisture content. Under zero tillage
wheat grain yield responded significantly up to 125% of
the recommended fertilizer dose.
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