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Abstract

A field experiment was conducted at Agricultural Research Farm, KPK Agricultural University, Peshawar, Pakistan
during winter 2005-2006. The treatments consisted of crop residue (stover & legume residue), two type of fertilizer-N (NH4-
N & NO;-N) and their application time i.e. at sowing and 2™ node appearance stage. Higher spikes m?and grain yield were
recorded for nitrate-N application in split at the rate of 100 kg ha® in combination with legume residue. Likewise, the
highest grains spike was recorded for legume and cereal residue application along with nitrate and ammonium N
application at the rate of 100 kg ha™, respectively. However, 1000 grain weight was higher for legume residue along with
split application of ammonium-N at the rate of 100 kg ha™. Planned mean comparisons showed that control plots produced
significantly less spikes m?, grains spike™, 1000 grain weight and grain yield as compared to mean of the rest of the
treatments. Likewise, legume alone enhanced spikes production as compared to cereal in combination with N. Similarly,
legume alone also performed better than cereal alone for improving grain weight. In the same manner, residue plus nitrate-N
produced higher grain yield as compared to residue plus ammonium-N.

Introduction

A need to increase food production to keep pace with
an accelerating population growth while ensuring minimum
environmental degradation has recently gained more
attention. Agricultural production can only be sustained if
productivity of land and other resources upon which
agriculture is based are not allowed to deteriorate further.
Alternative and renewable source of energy are needed in
agriculture because of rising costs, potential shortage and
injudicious use of fossil fuel. Nitrogen fertilizer represents
the largest single input of the total energy required to
produce a hectare of maize or wheat in Pakistan. More N is
required in crop production than P and K, yet N has lower
use efficiency, high losses and greater potential to pollute
the environment (Jan et al., 2007).

Nitrogen fertilization plays an important role in
improving soil fertility and increasing crop productivity
(Habtegebrial et al., 2007). Nitrogen fertilization
increases grain yield (43-68%) and biomass (25-42%) in
maize (Ogola et al., 2002). It contributes 18-34% increase
in soil residual N (Yang et al., 2007). Sole residue
incorporation or in combination with N fertilizer have
positive effects on plant growth and production (Jan et al.,
2011) as well as on soil physiochemical properties (Khan
et al., 2009). Synergistic effects of N with organic
fertilizers (residue or FYM) accumulate more soil total N
(Huang et al., 2007), but sole effects of FYM result in
increasing yield (Anatoliy & Thelen, 2007), organic
matter (44%) in soil (Rasool et al., 2007).

This study was conducted to study the integrated
impact of crop residue (cereal and legume) and fertilizer
N on wheat production.

Materials and Methods

Experimental site: Peshawar has a warm to hot, semi-
arid, sub-tropical, continental climate with mean annual
rainfall of about 360 mm. Summer (May-September)

has a mean maximum temperature of 40°C and mean
minimum temperature of 25°C. Winter (December to the
end of March) has mean minimum temperature of 4°C
and a maximum of 18.4°C. The average winter rainfall
is higher than that of summer. The highest winter
rainfall has been recorded in March, while the highest
summer rainfall is in August. Soil of the experimental
site is deficient in N, P and available Zn, but has
adequate K. Canal water is available for irrigation. The
physio-chemical properties of the experimental site are
given in Table 2.

Experimental description: The field experiment was
conducted at Agricultural Research Farm, KPK
Agricultural University, Peshawar, Pakistan during
winter 2005-2006. The experimental treatments were
consisted of crop residue (cereal & legume residue),
two type of fertilizer-N (NH;-N & NO3-N) and their
application time i.e. at sowing and 2" node appearance
stage. Urea was used as mineral-N source for NH,;-N
and calcium nitrate (CaNO3) for NOs-N. Crop residue
was applied as sole or in mixture with NH,; and NO;
nitrogen. Cereal and legume residue were chopped into
small pieces and was applied about 40 days before
sowing at the rate of 5 and 2.5 t ha, respectively. A
100 kg N ha™ of both type of fertilizer-N was used in
combination with cereal residue while two levels (50 &
100 kg N ha') of both type of fertilizer-N were
combined with legume residue. The entire crop residue
(cereal & legume) was applied at sowing. A full dose
of fertilizer-N was applied at pre boot stage or in a split
(half dose at sowing with crop residue and half at pre
boot stage). Details of the experimental treatments are
given in Table 1. Wheat variety ‘Fakhre Sarhad’ was
sown at the seed rate of 100 kg ha™ with the help of a
seed drill. Phosphorus was applied at the rate of 90 kg
ha' at the time of sowing. Data were recorded on
spikes m?, grains spike™, thousand grain weight and
grain yield.
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Table 1. Details of the experimental treatments.

Source/Type of N Plant Residue+Fertilizer-N Fertilizer-N only

S1 S2 S1 S2
T1 Control 0 0
T2 Cereal 5000 0
T3 Cereal NH, 5000 100
T4 Cereal + NH, NH,4 5000 + 50 50
T5 Cereal NO; 5000 100
T6 Cereal + NO; NO, 5000 + 50 50
T7 Legume 2500 0
T8 Legume NH, 2500 50
T9 Legume + NH,4 NH, 2500 + 25 25
T10 Legume NO; 2500 50
Ti1 Legume + NOs NO; 2500 + 25 25
T12 Legume NH,4 2500 100
T13 Legume + NH, NH, 2500 + 50 50
T14 Legume NO; 2500 100
T15 Legume + NO; NO; 2500 + 50 50

Cereal = Maize stover, Legume = Soybean residue, S1 = At sowing, S2 = At pre-boot stage

Table 2. Physico-chemical properties of the
experimental site.

Sand (%) 8.7
Silt (%) 51.3
Clay (%) 40.0
Textural Class Silty clay loam
Organic matter (g kg™) 0.845
Total N (g kg™) 0.04
CaCO; (%) 14.4
pH 1:1 Water 8.02
Electrical conductivity (dS m) 0.87
AB-DTPA extractible nutrients

P (mg kg™) 3.80
K (mg kg™) 105
Zn (mg kg™ 0.86

Data from Bhatti (2002) and Tariq et al., (2002) for
Agricultural University Peshawar farm.

Statistical analysis: The data were analyzed statistically
using analysis of variance technique appropriate for
randomized complete block design. Means were
compared using LSD test at 0.05 level of probability,
when the F-values were significant (Jan et al., 2009).

Results

Spikes m™: Integrated N treatments significantly affected
spikes m? in wheat. The highest spikes m2 were recorded
for nitrate-N application in split at the rate of 100 kg ha™ in
combination with legume residue and the lowest spikes m™
was recorded for control plots. Generally, spikes m? was
higher for legume residue application in combination with
100 kg N ha™ as compared to cereal residue with the same
N rate irrespective of type and method of N (Table 3).

Planned mean comparisons showed that control plots
produced significantly less spikes m?as compared to mean
of the rest of the treatments. Likewise, legume alone
performed better than cereal in combination with N.
However, legume alone did not result in higher spikes m
as compared to cereal residue alone. Moreover,
ammonium-N also did not differ for spikes m?than nitrate-
N in combination with residue in both cases (Fig. 1a).

Grains spike™: Grains spike™ was significantly affected
N treatments. Higher grains spike® was recorded for
legume and cereal residue application along with nitrate
and ammonium N application at the rate of 100 kg ha®,
respectively. The lowest grains spike™ was recorded for
control plots. Grains spike™ was infrequently higher for
legume residue application in combination with 100 kg N
ha™ as compared to cereal residue with the same N rate
irrespective of type and method of N (Table 3).

Planned mean comparisons showed that control plots
produced significantly less grains spike™ as compared to
mean of the rest of the treatments. However, differences
among cereal vs legume residue, cereal plus N vs legume
alone and residue plus ammonium-N vs residue plus
nitrate-N were not significant for grains spike™ (Fig. 1b).

Thousand grain weight: Integrated N treatments
significantly affected thousand grain weight of wheat.
Grain weight was higher for legume residue along with
split application of ammonium-N at the rate of 100 kg
ha™ and the lowest thousand grain weight was recorded
for control plots. Generally, thousand grain weight was
higher for legume residue application in combination
with N at the rate of 100 kg ha™ as compared to cereal
residue with the same N rate irrespective of type and
method of N (Table 3).
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Planned mean comparisons showed that control plots
produced significantly less thousand grain weight as
compared to mean of the rest of the treatments. Legume
alone performed better than cereal alone for improving
grain weight. However, differences among cereal plus N
vs legume alone and residue plus ammonium-N vs residue
plus nitrate-N were not significant for thousand grain
weight (Fig. 2a).

Grain yield: Grain yield was significantly affected by
integrated N management treatments in wheat. Grain
yield was higher for legume residue along with split
nitrate N application at the rate of 100 kg ha™ and the
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lowest grain yield was recorded for control plots. Usually,
grain yield was higher in plots where legume residue was
applied in combination with 100 kg N ha™ as compared to
cereal residue with the same N rate irrespective of type of
and method of N.

Planned mean comparisons showed that control plots
produced significantly less grain yield as compared to
mean of the rest of the treatments. Likewise, residue plus
nitrate-N produced higher grain yield as compared to
residue plus ammonium-N. However, differences among
cereal alone vs legume alone and cereal plus N vs legume
alone were not significant for grain yield (Table 3).
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Fig. 1(a, b). Planned mean comparisons for spikes m? (a) and grains spike® (b) as affected by integrated N

management.
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Fig. 2(a, b). Planned mean comparisons for thousand grain weight (a) grain yield (b) as affected by integrated N

management.

Discussion

Yield and yield components responded positively to
integration of organic and inorganic N-fertilizers.
Generally, higher rates of N in mixture with legume
resulted in higher yield and yield components than control
and other treatments.

The better performance of N in mixture with legume
residue is usually attributed to the synergistic effects of
organic and inorganic fertilizers, which improve the
efficiency of each other (Jan et al., 2007). Likewise,
higher nutrient use efficiency and recovery can be
obtained with integration of organic and inorganic
fertilizers (Kiani et al., 2005). The greater inorganic N
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(Anatoliy & Thelen, 2007), total N availability in N
amended plots (Dolan et al., 2006; Jan et al., 2010) may
be the reasons for improved vyield components in
fertilized plots compared to control plots. The legume
residue incorporation improves total N due to immediate
decomposition (Malhi et al., 2006) as compared to
cereal residue which usually takes greater time to
decompose and to release nutrient. The greater spike m™
may be attributed to the adequate nitrogen availability,
which facilitates tillering ability of the wheat crop (Jan
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& Khan, 2002). These results are line with Singh &
Bhan (1998) who also obtained greater spike m? with
higher fertilizer levels. Greater grain weight in fertilized
plots can be attributed to the availability of N at grain
formation stage. The results are in line with Tahir et al.,
(2000) who recorded the highest grain weight with
combine use of organic and inorganic in ratio of
50:50%. Our results are also similar to Khan et al.,
(2005) who obtained heavier grains in fertilized plots.

Table 3. Effect of integrated N management on spikes m™, grains spike, thousand grain
weight and grain yield (kg ha™*) of wheat.

Treatments/Details Spikes m Sprl?(':f The\;fig';]? (%;ain G(Tginhgile)l d
T1 Control 96 h 29d 25.00d 1614 e
T2 Cereal 191 ef 39¢ 41.82 ab 2552 a-d
T3 Cereal+100 NH4 S2 189f 40c 35.70¢ 2668 ab
T4 Cereal+100 NH4 (S1+S2) 213 be 48 a 37.58 bc 2324 cd
T5 Cereal+100 NO3 S2 186 fg 38¢c 39.03 ahc 2790 a
T6 Cereal+100 NO3 (S1+S2) 172 ¢ 37¢c 39.18 abc 2577 a-d
T7 Legume 206 cde 39¢c 36.20¢c 2769 a
T8 Legume+50 NH4 S2 201 c-f 41 be 38.28 abc 2436 bed
T9 Legume+50 NH4 (S1+S2) 190 f 38¢c 39.77 abc 2294 d
T10 Legume+50 NO3 S2 197 def 38¢c 38.52 abc 2304 d
T11 Legume+50 NO3 (S1+S2) 188 f 39¢c 39.38 abc 2607 abc
T12 Legume+100 NH4 S2 211 bed 38¢c 38.65 abc 2566 a-d
T13 Legume+100 NH4 (S1+S2) 225 b 47 ab 42.72 a 2696 ab
T14 Legume+100 NO3 S2 225 b 47 ab 37.87 abc 2621 abc
T15 Legume+100 NO3 (S1+S2) 243 a 53a 37.77 bc 2834 a
Least significant difference 15.93 6.382 4.030 300.3

Means in the same column followed by different letters are significantly different from one another at 5% level of probability

Higher grain yield was produced in plots amended
with organic and inorganic N compared to control.
Generally, combined applications of legume residue and
higher rate of N resulted in greater yield. The higher yield
in fertilized plots over control may be due to higher
available N in fertilized plots (Halvorson et al., 2001;
Camara et al., 2003; Malhi et al., 2006). Most of the
researchers attribute increase in grain yield due to an
increase in  residue  decomposition, organic N
mineralization and the availability of N for plant use
(Halvorson et al., 2005; Sainju & Singh, 2001; Dinnes et
al., 2002; Arif et al., 2011). The increase in grain yield may
be due to the individual crop performance like spikelet
number, grain per spike and 1000-grain weight (Zhai &
Xiu LI, 2006) which may have improved grain yield. The
increase in grain yield in fertilized plots can also be
attributed to the increased tillers m?, spike m?, grains
spike™ and 1000 grains weight.
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