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Effects of Crop Residue Management and Nitrogen Fertilizer
on Soil Nitrogen and Carbon Content and Productivity of
Wheat (Triticum aestivum L.) in Two Cropping Systems
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ABSTRACT

The objective of this study was to investigate the effects of addition of pulses in crop
sequences, crop residue management, and application of fertilizer N on soil nitrogen
content, soil organic carbon, nutrient uptake, and its consequences for wheat yields. The
field experiments were carried out from 2009 to 2012 in the sub-humid and sub-tropical
zone of northern India. The treatments were (i) crop residue retained (+Residue) or (ii)
removed (-Residue), (iii) 120 kg N ha! applied to wheat, (iv) 150 kg N ha™' to maize, and
(v) a control with no nitrogen applied to either wheat or maize. The cropping systems
consisted of a rotation of wheat and maize or wheat and green gram. Postharvest
incorporation of crop residues significantly (P< 0.05) increased the wheat grain and straw
yields during 2010-2011 and 2011-2012. On average, crop residues incorporation
increased the wheat grain yield by a factor of 1.31 and straw yield by 1.38. The wheat
crop also responded strongly to the previous legume (green gram); grain yield increased
by a factor of 1.89 and straw yield by 2.05, compared to the control. Application of
fertilizer N to the preceding maize crop exerted a strong carryover effect on grain (1.18)
and straw yield (1.26) wheat. Application of N fertilizer to wheat increased grain and
straw yields by, respectively, a factor of 1.69 and 1.79 on average. The overall conclusion
is that an improved crop residue management, combined with application of fertilizer N
or incorporation of legumes greatly improves the N economy of cereal cropping systems

and enhances crop productivity in soils with a low N content on the short term.
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INTRODUCTION

Crop residues are those parts of the plants
left in the field after the harvestable parts of
the crops (grain, tubers, roots, etc.) have been
removed. Crop residues at times have been
regarded as waste materials that require
disposal, but it has become increasingly
realized that they are important natural
resources and not wastes (CTIC, 2004). The
recycling of crop residues has the advantage
of converting the surplus farm waste into
useful products for meeting nutrient
requirements of crops. It also maintains the
soil physical and chemical condition and

improves the overall ecological balance of the
crop production system. Research have
shown that the return of crop residues on
fragile soils improved the tilth and fertility of
soil, enhanced crop productivity, reduced the
wind and water erosion, and prevented
nutrients losses by run-off and leaching (Lal,
1980; Lal et al., 1980; Maurya and Lal, 1981;
Bukert et al, 2000). Despite these
advantages, farmers in India prefer to remove
crop residues off the field to feed livestock or
use them as a fuel or as building/construction
materials.

Nitrogen deficiency is one of the major
yield limiting factors for cereals (McDonald,
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1989), hence fertilizer nitrogen application is
an essential input for crop productivity in
most agricultural systems of the world
(Ahmad, 1998; Spiertz, 2010). In the case of
wheat, the most commonly grown cereal,
around 30 kg N ha' is needed in a plant
available form (usually as nitrate) for each
ton of grain produced. However, the capacity
of soils to supply the required quantities of N
(30-80 kg ha') declines rapidly without
external nitrogen input. With continued cereal
cropping, the N supplied from the
mineralization of soil organic matter must be
supplemented by other sources (McDonald,
1992). In industrialized countries, N is
supplied in ample amounts as chemical
fertilizer; however, in most developing
countries including India, this is not possible
because of high cost of fertilizer, low per
capita income, and limited credit facilities
available to most of the farmers (Bellido and
Bellido, 2001). As a result, farmers either use
the available organic sources or the crop
receives hardly any fertilizer (Herridge et al.
1995). To meet the required level of plant
nutrients, the farmers in India are
indispensably inclined to use commercial
fertilizers. During the last few years, the price
of fertilizers has shown unprecedented hike
and the availability of fertilizers at proper
times has been a matter of serious concern. It
is in such systems that the inclusion of a
legume in the cropping system can play an
increasingly important role to maintain soil
fertility and sustain crop productivity.
Mineral N in the root zone soil is often higher
in cereal-legume cropping system than in
cereal monoculture (Heenan and Chan, 1992;
Badruddin and Meyer, 1994; Dalal et al.,
1998). This increase in N has been attributed
to both nitrate saving by legumes (Evans et
al., 1991) and/or mineralization of the N rich
residues (Evans et al., 1991; Campbell et al.,
1992). Keeping in mind the long term
sustainability and productivity of soils, crop
residue  management and cereal-legume
rotation should be investigated urgently.

The objectives of this study were to
investigate the effect of crop residue
management, incorporating pulses in the crop
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rotation and application of fertilizer N on
total soil nitrogen content, soil organic
carbon, nutrient uptake, and crop production.
This paper, though, presents the results of a
3-years field experiment on the yields of
wheat and on soil fertility parameters.

MATERIALS AND METHODS
Climate and Soil Characteristics

The experiment was conducted at the
Norman E. Borlaug Crop Research Centre of
G.B. Pant University of Agriculture and
Technology, Pantnagar, India. This site is
located at 29°N latitude, 79.3°E longitude and
an altitude of 243.8 m above mean sea level in
the Tarai belt of Shiwalik range of the
Himalayan foothills. It falls under the sub-
humid and sub-tropical climatic zone.
Experimental site was silt-loam in texture with
a pH around 6.9-7.2. Other soil characteristics
were: low in organic matter (< 1.0%), low
status of available mineral N (247 kg ha™) and
medium available P (21.6 kg ha™).

Experimental Design and Sowing

The experiment was conducted in a split plot
design with two residue management
treatments (main plots), eight crop rotations
and N fertilizer treatments (sub-plots), and
four replications (Table 1). The experiment
started in October 2009 with wheat and pea in
the winter period followed by maize and green
gram in summer. The sequence of cropping
continued for five seasons and ended in May
2012, after the harvest of winter crops (wheat
and vegetable pea).

All crops were sown by hand drilled into 5
cm depth. Row spacing was 20 cm for wheat,
30 cm for vegetable pea and green gram, and
60 cm for maize crops. Maize and wheat were
either unfertilized (ON) or fertilized (+N) with
120 kg N ha™' (wheat) or 150 kg N ha™ (maize)
as urea, half at sowing and half with the
second irrigation. Vegetable pea and
greengram received only 25 kg N ha' as a
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Table 1. Treatments (residues, crop rotation and fertilizer N) in cropping system at experimental site.

Residue Winter crops Summer crops
Residue incorporation Wheat ON Maize ON
or residue no incorporation Wheat ON Maize +N
Wheat ON Green gram
Wheat +N Green gram
Wheat +N Maize ON
Wheat +N Maize +N
Vegetable pea Maize ON
Vegetable pea Maize +N

starter dose at sowing. Triple superphosphate
(39 kg P ha™) and potassium sulphate (42 kg K
ha) were added to all plots at sowing. Wheat
(var. PBW 343) and vegetable pea (var. Arkil)
were sown in the last week of October and
harvested in the 2™ week of April. Maize and
greengram were sown in 1% week of June and
harvested in the 1* week of September. Grain
and crop residues samples were taken for N
analysis. Immediately after grain harvest,
above-ground residues of all crops were either
completely removed (-Residue) or retained
and incorporated into about 15 cm depth
(+Residue) using a disc harrow and rotovator.
All plots were sampled to a soil depth of 0-30
cm after the harvest of wheat and analyzed for
mineral N (NH4-N and NOs-N) and organic
carbon.

Laboratory Analysis

All samples were dried at 80'C in a hot air
oven to a constant mass, weighed and then
finely ground (< 0.1 mm) and analyzed for
total N (Bremner and Mulvaney, 1982). The
soil samples were air-dried for one day,
ground and then sieved (< 2 mm) and
analyzed for mineral N (NH4-NandNO;-N)
(Keeney and Nelson, 1982) and organic
carbon (Nelson and Sommers, 1982).

Statistical Analysis

The data were analyzed using general linear
models procedure of SAS (SAS Institute,
1998). Means were compared between
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treatments by LSD (least significant
difference) at P< 0.05 confidence level using
Student’s #-test.

RESULTS AND DISCUSSION
Total Soil Mineral N

Results revealed that crop residues
incorporation increased the mineral N content
of soil during three years, but the effect was
significant (P< 0.05) only during the winter of
2011. Incorporation of crop residues resulted
in 1.22 times increase in soil mineral N over
the plots with residues removed (Table 2).
Kumar and Goh (2002) and Surekha er al.
(2003) reported significant increases in soil N
content due to crop residue incorporation.
Results further revealed that inclusion of
greengram in a crop rotation significantly (P<
0.05) increased the mineral N content of soil
during 2010 and 2011 compared with the
continuous cereal treatment (Table 2). On
average, mineral N content of the soil was 5.53
ug g soil in treatment following maize ON-
wheat ON rotation compared with 7.13 pg g’
soil in treatment following wheat ON-
greengram. The addition of greengram in crop
rotation with wheat enhanced the mineral N
fertility by 1.29 times.

Increase in mineral N content of soil due to
greengram is of great practical significance to
subsequent crops in N starving situations.
These results agree with those reported by
Badruddin and Meyer (1994) and Dalal et
al. (1998). Bullock and Bullock (1992) and
Karlen et al. (1994) reported that the N
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Table 2. Effect of crop residues on total soil mineral N (ug g) in the surface layer (0-30 cm) after

harvest of wheat.

Residue xYear

Treatments 3009 2010 2011 Average
+Residue 8.99 10.08 12.14 10.40
-Residue 7.79 8.86 9.02 8.56
Tupe increase by residue over non 115 1.14 134 122
residue

Legume NxYear

Treatments 2009 2010 2011 Average
Wheat ON after maize ON 5.47 5.21 5.52 5.53
Wheat ON after green gram 5.36 7.42 8.60 7.13
Time increase by legume over cereal - 1.42 1.55 1.29

Treatment N currentxYear A

reatments 2009 2010 2011 verage
+N (Current crop) 11.47 13.26 16.01 13.75
-N (Current crop) 4.23 5.28 6.10 5.14
Time increase by current N over 297 251 262 )68
non-current N
N previousxYear

Treatments 2009 2010 2011 Average
+N (Previous crop) 9.65 12.27 12.51 11.48
-N (Previous crop) 8.30 9.46 10.59 9.45
T‘1me increase by previous N over 116 136 1.18 1.22
nil- previous N
Average “ (Year effect) 8.39 9.47 10.58 9.48

“1t is the average of all + and -residue treatments to calculate the temporal effect.
* Significant at 0.05 level of probability using LSD test; ** Significant at 0.01 level of probability using
LSD test, ns: Non-significant (Year: **; Residue: **, N current: ** N previous: ns; Interactions:
YearxResidue: *; YearxLegume N: *; YearxN current: ns, YearxN previous: *%).

rotation benefit of legumes to succeeding
crops was equivalent to a fertilizer
replacement value of about 100 kg ha.
Our results showed that application of
fertilizer N to the current wheat had
significant (P> 0.05) effect on mineral N
content of soil after harvest during three
years (Table 2). The average mineral N
content of soil was 2.68 times higher in
treatment receiving fertilizer N during
three years (2009-2011) compared with
maize ON—wheat ON treatment. Our results
further demonstrated that fertilizer N
applied to previous maize had no
significant (P> 0.05) effect on soil mineral
N after harvest of the following wheat in
each season. However, the average
mineral N content of soil was 1.22 times
higher in treatment receiving fertilizer N

252

by previous maize during three years
(2009-2011) compared with maize ON-
wheat ON treatment.

Soil Organic Carbon

Results  demonstrated only  small
improvement in soil organic C content both
by bringing legume in crop rotation and by
crop residues incorporation in soil during
three years period (Table3). However,
organic matter in soil as a whole was
typically slow to respond to management
changes and treatment effects may not be
easily measured within short period of time
as suggested by Langdale et al. (1990) and
Power et al. (1998).
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Table 3. Effect of cropping systems and crop residues on organic carbon (C g kg™ soil) in the surface

layer (0-30 cm) after harvest of wheat.

Treatments ResiduexYear Average
2009 2010 2011
+Residue 5.10 5.16 5.59 5.28
-Residue 5.02 5.07 5.21 5.10
Tlrpe increase by residue over non 0.42 051 1.07 1.04
residue
Legume NxYear

Treatments 2009 & 2010 2011 Average
Wheat ON after maize ON 5.08 5.11 4.81 5.00
Wheat ON after green gram 5.23 5.39 5.59 5.40
Time increase by Legume over cereal 1.03 1.05 1.16 1.08

Treatments N currentxYear Average

2009 2010 2011
+N (Vurrent crop) 497 5.02 5.44 5.14
-N (Current crop) 5.05 5.02 5.21 5.09
Time increase by current N over non- i 1.04 1.00
current N
N previousxYear

Treatments 2009 P 2010 2011 Average
+N (Previous crop) 5.03 5.16 5.42 5.20
-N (Previous crop) 493 5.11 5.16 5.07
T'1me increase by previous N over 1.02 1.00 1.05 1.03
nil-previous N
Average “ (Year effect) 5.06 5.14 5.29 5.14

“1t is the average of all + and -residue treatments to calculate the temporal effect.
* Significant at 0.05 level of probability using LSD test, ns: Non-significant (Year: *; Residue: ns, N
previous: ns; Interactions: YearxResidue: *; YearxLegume N: ns; YearxN current: ns, YearxN

previous: ns).

Total N Uptake

Results showed that N application and
inclusion of a legume (green gram) in the
cropping system significantly (P< 0.05)
increased the N uptake by wheat crop (Table
4). Crop residues retention increased N uptake
in grain by 1.32 times and in straw by 1.67
times compared with the treatments where
residues were removed. Similar results were
also reported by Stevenson and van Kessel
(1996). The positive effect of residues
retention on N uptake by wheat crop could be
attributed to N supply from crop residues
and/or improvement in physical and chemical
conditions of soil as reported by Utomo et al.
(1990); Stevenson and van Kessel, (1996).
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Greengram treatment increased the N uptake
in wheat grain by 2.09 times and in straw by
2.57 times under ON cropping system. These
results agree with those reported by
Staggenborg et al. (2003).

The premium for high protein wheat seed is
yet another reason why producers should
consider crop rotation that includes pulse
crops. Our data further revealed that fertilizer
N applied to previous maize in wheat-maize
rotation substantially enhanced the N uptake in
grain and straw of wheat during both
2010/2011 and 2011/2012 compared with the
unfertilized wheat treatment. The carry over
effect of fertilizer N applied to previous maize
was evident in the following N fertilized as
well as unfertilized wheat. The effect was,
however, more evident in the N unfertilized
than in the fertilized wheat. On average,
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fertilizer N applied to previous maize
increased uptake in the following wheat grain
by 1.38 times and in straw byl.56 times.
Tejada and Gonzalez (2003) found similar
responses of fertilizer N applied to maize on
the following wheat in a rain-fed
environment. Kumar and Goh (2002)
observed substantial carry over effect of
fertilizer N applied to wheat on the
following maize crop. Fertilizer N applied to
the current wheat significantly increased the
N uptake in both grain and straw of wheat in
2010/2011 and 2011/2012. On average,
fertilizer N applied to the current wheat
increased the N uptake in wheat by 1.71
times and in straw by 1.66 times compared
to that in maize ON—wheat ON treatment.

The carry over benefits of fertilizer N
applied to previous maize was unexpected
and contrary to the general belief of the
region’s farmers and agricultural advisors
that N fertilizer has little residual value.
There are, however, reports where fertilizer
N to the previous maize exerted strong carry
over effects on the following ON wheat
(Kumar and Goh, 2002). Our results are
consistent with those of the influence of
fertilizer N on soil mineral N discussed in
the previous section of this text. These
results agree with Feigenbaum et al. (1984)
who reported recovery of 8—10% of fertilizer
N by the second wheat crop and
Staggenborg et al. (2003) who reported that
grain N content increased as applied N
increased.

Grain Yield

Results revealed that residues
incorporation, fertilizer N application and
the involvement of a legume in crop rotation
significantly (P< 0.05) influenced the grain
yield of wheat during 2010-2011 and 2011-
2012 (Table 5). The incorporation of crop
residues significantly (P< 0.05) increased
the grain yield of wheat by 1.22 times in
2010-2011 and 1.38 times in 2011-2012
with an average increase of 1.31 times
compared with the residues-removed
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treatments. These results agree with those
reported by Lopez-Bellido et al. (1996), Kuo
and Jellum (2002), Kumar and Goh (2002)
and Surekha er al (2003). Similarly,
Kouyate et al. (2000) also reported an
increase in cereal grain and stover yield
when crop residues were incorporated
compared with treatments where residues
were removed. The wheat grain yield was
also significantly (P< 0.05) greater for
treatment following green gram than
following ON maize. The corresponding
increase in grain yield of wheat due to green
gram was 1.59 times in 2010/2011 and 2.17
times in 2011/2012, with an average
increase of 1.89 times under ON cropping
systems.

The rotational benefits of legume (green
gram) on succeeding crop are consistent
with the results reported from elsewhere
(Mason and Rowland, 1990; Ranells and
Wagger, 1996 and Clark et al. 1997).
Similarly, many studies (Evans et al. 1991;
Chalk et al.1993; Smiley et al., 1994) have
verified that N is a key factor in the response
of cereals following legumes compared with
cereals following non-legumes. Stevenson
and van Kessel (1996), Clark et al. (1997)
and Chalk (1998) reported that cereals
derived both yield and N benefits from
rotations with grain legume compared with
cereal monoculture. The cereal in the
legume—cereal rotation may benefit from the
transfer of biologically fixed N, and from
mineral N (Ta and Faris, 1987).

Among the cropping system, those which
had a history of applied N fertilization
produced 1.11 and 1.23 times (average 1.32
times) more grain yield in 2010-2011 and
2011-2012, respectively, than plots which
received no fertilizer N in previous season.
These results are in line with earlier reports
where fertilizer N applied to previous maize
exerted strong carry over effect on the
following wheat (Peoples and Herridge,
1990; Ranells and Wagger, 1996). The
application of fertilizer N to current wheat
significantly (P< 0.05) increased the grain
yield by 1.48 times in 2010/2011 and 1.91
times in 2011/2012 (average 1.69 times)
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compared  with  unfertilized  control
treatments. The effects of fertilizer N on
wheat yields are consistent with the low
organic matter fertility of the soil of this site.

Straw Yield

Results presented in Table 5 indicated
that the impact of crop residues
incorporation, fertilizer N applications, and
inclusion of a legume in cropping system
on straw yield of wheat was significant (P<
0.05) in both years. Results showed that
return of crop residues to soil significantly
(P< 0.05) increased the yield of straw in
both years. The data revealed that
incorporation of crop residues resulted in
1.38 times increase during both years
compared with the residues-removed
treatment. These results agree with Ambast
et al. (2006) and Erenstein (2009).

Previous legume crop (green gram) had a
significant (P< 0.05) impact on the straw
yield of succeeding wheat in both 2010-
2011 and 2011-2012. The corresponding
increases in straw yield were 1.77 times in
2010/2011 and 2.31 times in 2011-2012
with an average of 2.05 times for the
treatment following greengram than that
following ON maize. Results have revealed
that fertilizer N applied to previous maize
had strong carry over effect on straw yield
of the following wheat during both 2010-
2011 and 2011-2012. Application of
fertilizer N to previous maize crop
produced 1.28 and 1.24 times more straw
yield in 2010-2011 and 2011-2012,
respectively, compared with wheat ON-
maize ON treatment. Similar responses to
previous fertilizer N treatment were also
observed for the grain yield of wheat in
2010-2011  and  2011-12.  Similarly,
fertilizer N applied to current wheat
increased straw yield by 1.66 times in
2010/2011 and 1.93 times in 2011/2012
with an average increase of 1.79 times over
the ON wheat. These results agree with
those reported by Thakur and Papal (2005).
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CONCLUSIONS

Results clearly indicated that retention of
crop residues, inclusion of a legume in
cropping systems, and application of
fertilizer N significantly increased the soil
mineral N, and grain and straw yields of
wheat. Residues retention on average
increased the grain yield by 1.31 times,
straw yield by 1.38 times and N uptake by
1.32 times in grain and 1.67 times in straw
of wheat. Green gram in rotation with wheat
enhanced grain yield of wheat by 1.89 times,
straw yield by 2.05 times and N uptake by
2.09 times in grain and 2.57 times in straw
of wheat. Nitrogen applied to previous
maize showed strong carry over effect on
crop and N yields of the following wheat.
Fertilizer N applied to current wheat,
however, provided the greatest benefits to
wheat productivity. Fertilizer N increased
the grain yield of wheat by as much as 1.69
times, straw yield by 1.79 times, and N yield
by 1.71-1.66 times. Certainly, considering
the benefits of legumes, we would expect
that its inclusion in cropping systems would
reduce fertilizer N requirements. To
conclude, returning crop residues to the soil
improves the N economy of the cropping
systems and enhances crop productivity
through the additional N and other soil
benefits. Farmers who traditionally remove
residues for fodder and fuel will require
demonstration of the relative benefits of
residues return to soil for sustainable crop
productivity.
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