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Abstract

ved management of nitrogen (N)

custainability. The (.wbjcctivc of the present study was to evaluate th ductivity
csidues retention on soil surface as mulch, fertilizer N and lee B i
’\an;i)) tl?c?‘l l)l:al:(z)ci(ltcla "\l-ai‘\)] 1’J, ). [:cn.nhzcr N was applied to maize @ 160 kg ha"
4 1o whea! (q,‘l'..( g ha” or no fert l./.'u dppllca.llon. Crop rotation with the sequence of mai; :
an  whel (Triticum aestivum L:). maize alter lentil (Lens culinaris Medic) or wheat aft ash
¢ (Vigna mungo L:) an:an‘gc‘d n a split plot d?sign was followed. Post-harvest incir;orzrtig:]aihf
e esidues and.erlduC:\ retention on soil :%Enrlacc as mulch had significantly (p<0.05) affected
oY 4 stover yield durmg 2004 and 2005. Two ycars average data revealed that grain yield was
{ncl'c‘aSCd by 3.31 and 6.72% duﬁ)c })0 mulch and residues incorporation. Similarly, stover ;’icld was
4150 enhanced by §.39 and 10.27% due to the same treatment respectively. Mulch and residues
. orporation also 1n\pr0}'cq stover N uptake .by 2.23 and 6.58%, respectively. Total soil N and
oreanic matter was non sngplhcal}ll)’ (PZO-QS) — cased by 5.63 and 2.38% due to mulch and 4.13,
7'35% hecause of Crop residues {ncorporatlon In the soil. Maize grain and stover yield responded
sip_niﬁcantl)' (p<0.05) to the PICVIOLS leguxpc (lentil) crop when compared with the previous cereal
chp (wheat). The tregtment of lentil - malze(+N), on the average, increased grain yield of maize
by 15.35%, stover yield b).' 16.84%, total soil N by 10.31% and organic matter by 10.17%.
gimilarly; fertilizer N applied to the previous wheat showed carry over effect on grain yield
(6.82%) .nd stover yield (11.37%) of the following maize crop. The present study suggested that

etention of residues on soil surface as mulch, incorporation of residues in soil and legume (lentil -
maize) rotation improved the N economy of the cropping system and enhances crop productivity.

gumes in crop rotation

al

[ntroduction

Crop yield is stagnant in Pakistan in recent years. This situation can not coup to
«olve the food problem of our rising population. It is necessary to continuously increase
crop production to meet the demands of the people. As both land and water are at the
verge of their limit, increasing yield per unit is the only open strategy. Among the plant
autrients, nitrogen deficiency is one of the major limiting factors for cereals (McDonald,
1992: Shah ef al., 2003), hence fertilizer nitrogen application is an essential input for crop
productivity in most areas of the world (Amanullah er al., 2009). With continued cereal
cropping, the N supplied from the breakdown of organic matter must be supplemented
tom other sources. In the developed world, N is supplied in sufficient amount as
chemical fertilizer: however, in majority of the developing countries including Pakistan,
this is not possible because of high cost of fertilizer, low per capita income and limited
credit facilities available to most of the farmers. As a consequence, farmers either use the
available organic sources or the crop remains unfertilized (Ahmad et al., 2009). To
satisfy the nutrient rcquirement of the plant, farmers are indispensably inclined to use
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commercial fertilizer. But during the last few years, the prices of fertilizer. | Ty
ir availability at proper ti von o Y Naye

unprecedented hike and their availability at proper time has been Matter Sh(,\\,n

~oncern in some developing countries ingluding Pakista.n. T'he result i< failyre » oy,
the targeted production and hence tl?c national average yield of major Crops . 1o Oby, 1§
the demonstrated production potential. In such a system, the inclusion of o,
-otation can play an important role to mamt.am §01| fertility and sustain crop n gr,
The ability of legumes to fix atmospheric nitrogen, their nodulated roogroductiv
residues left after harvesting represent a valuable source of N. Legumes i an(
«vstem maintain the soil fertility. Many workers have reported more Soj‘; Cropp;,
availability after a legume than after a non-legume crop (Aslam er al., 1998). moisture
the sustainability of yield and soil fertility has led to a renewed interest' in()nc
system and incorporation of crop residues. Farmers and researchers have sh,y, .Cmpping
interest in crop rotation and management of crop residues as valuable managem'ncreased
This interest has resulted because of increased costs of inorganic fertilizers andent ool
vields in monoculture cropping systems. "Cduceg
~ Management of crop residues on soil surface as mulch improves soil qualit
organic carbon and biotic activity. An increase in infiltration of water into the s;) -
been reported by Bruce er al., (1992). Research under laboratory and field COﬂditioisha'SO
shown that the use of surface organic mulch (straw) can result in storing ave
precipitation water in soil by reducing runoff, increasing infiltration and decre;nf”e
evaporation. In addition to reduce runoff, soil surface mulching with Crop residyes S']”g
reduces direct evaporation from wet soil surface and thus increases water availability ( Ja? -
& Prihar, 1990). Gajri ef al., (1994) concluded that proper combination of managemgta
practices like residues incorporation, mulching and manuring which increases depth anndt
rooting density, can enhance the crop productivity of less water retentive coarse textureq
soil in arid and semi arid environment and alleviate water and nutrient stress,
Keeping in view the long term sustainability and productivity of soils through cereal
-legume cropping system and management of residues, the present study was Initiated tq
investigate the effects of the management of crop residues, fertilizer N and crop rotation

on the yield of maize and soil fertility.

Materials and Methods

Trial description: The experiment was carried out at the Research Farms of Agricultyrg]
University Peshawar KPK, Pakistan (longitude 71° 50'E, latitude 34° OI'N). Soil at the
experimental site was silty clay to silty clay loam (fine mixed, hypothermic, acidjc
Astochrepths placed in the Pirsabak series), none-saline (EC < 2.00 mmhos/cm), alkaline
in reaction (pH 8.0), and low in organic matter (< 1.0%), total N (< 0.07%) and available
P (<3.0 pug P g"). The altitude of the site is 400 m above sea level in Peshawar Valley of
NWFP, Pakistan. Mean annual rainfall ranged from 380-550 mm.

Experimental design and sowing: Experiments were replicated four times using a split
plot design with three residues management treatments as main plot factors (i.e. residues
incorporation, residues retention on soil as mulch and residues removal. The sub plot
factors were eight crop rotation with or without fertilizer N. Sub-plot size was 8m x Sm.
The experiment was commenced in May 2004 with maize (Zea may L.) and mash bean
(Vigna mungo L.) in the summer followed by wheat (7riticum aestivum L.) and lentil (Lens
culinaris Medic.) in the winter, 2004-05. Fertilizer N rate were 120 kg ha™ for wheat and
160 ke ha' for maize. This sequence of crop rotation was completed with summer, 2005
after the harvest of summer crops (maize and mash bean). This paper, however, presents
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S ical analysis: All data are presented as mean va|ye

Results and Discussion

Total soil N: Statistical analy51§ of the data showed that tota] soi] N In all combinations
of Crop rotation was non sngnlﬁcant!y (p=0.05) increased. However, crop rotation of
Wwheat +N-maize ON enhaqced the soil total N by 2.70 and 2.63% when compared with
wheat ON-—-maizs: ON. durlng 2004 and 2005 respectively (Table 1). The cropping
sequence Of lentil-maize ON increased the soil total N by 5.4]

. and 11.76% compared to
wheat ON-maize ON during 2004 and 2005, respectively. Similarly, rotation of wheat
.N-maize +N did enhance the soil total N by 10 and 22.50% when compared with wheat
ON-maize +N during 2004 and 20035, respectively. Our results further showed that
otation of lentil-maize +N increased the soil total N by 13.33% and 16.67% when
compared with cropping sequence of wheat ON-maize +N during the growing seasons of
1004 and 2005. It was also observed that the sequence of wheat +N-mash bean when
compared with wheat ON-mash bean raised the soil total N status by 6.98 and 13.64%
during 2004 and 2003, respectively. These results agree with those reported by Utomo er
al.. (1990) and Shah er al., (2003). Shafi er al., (2007) and Bakht ef al., (2009) also

reported increase in total N of soil by inclusion of chick pea in crop rotation. Stevenson

& Kessel, (1996) investigated that soil N availability throughout the growing season was
oreater in a pea-wheat rotation than in a wheat-wheat rotation.
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Table l. Effect o (0-30 cm) aftel |I¢IJ\(Sl of maize/mash bean o ("/“),
'fﬂcc la.‘0| (_ - - - *\\}H)I) "\
Soil total N (%) -

" 2004 l 2005 B “‘“

— o ON fo”O\\'ing 0038 0 039
0.037 0.038 0.039

Wheat +N .
oot G e ¢ T I
<07

T1a§e ON followIng 0039 0.038 )

wheat ON 176
— 541 . m

“Maize +N following a o
Wheat +N 0.0; 3 0.04 3 004,
Vheat ON 0.0 - 0,03
: 0.00 22.50 )
Maize +N following -
Lentil 0.034 0.042 0.038
Wheat ON 0.03 0.036 0.033
0/, Increase 13.33 16.67 15,00
Mash bean following i
Wheat +N 0.046 0.050 0.048
Wheat ON _ 0.043 0.044 0.044
9% 1NCrease 6.98 13.64 XY

NS NS

Significance ( <(.03)
Crop residues management P ——
0.037 0.038 0.038

Residues on surface(mulch)
0.035 0.036 0.036

Residues removed
9% Increase 511 5.56 5.63 r—
0.034 0.040 0003\7

Residues incorporated
0.035 0.036 0.036

Residues removed
% increase -2.806 e 4132 2
Significance (p<0.05) NS NS o

NS = Non significant

.Our data also suggested that crop residues incorporation and retention of cr

residues on soil surface as mulch increased non-significantly (p=0.05) the total soilors
content of soil during both years (Table 1). Crop residues management reduced soil total
N by 2.86% during 2004 but during 2005, the same treatment non-significantly (p=0 0;
mcr?ased soil total N by 11.11%. The results obtained during 2005 argconsistent \F:f;th.th)
findings of Kumar & Goh (2002), Shah et al., (2003), Shafi er al., (2007) and Bakht i
al., (2009) where ret.entif)n of crop residues also improved N con’tent of the soil Thee
reason for the. reduct}(.)n in total soil N due to residues incorporation during 2004 'miOht
be due to the immobilization of nitrogen after incorporation of stover n theos;il and aTso
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ng sequence during 2004 and 2005 respectively, Simi

' TN crop rotation enhanced the soil Organic matter
np"ﬂ'ed with the treatment of wheat ON — maize
CST:qh ot al., (2003), Shafi e al., (2007) and Bakht

(e Was increased by N mputs from both fertiliz
m

. by 1.41 and 4.429 when
N in 2004 and 20035, respectively.

Lal., (2009) reported that soil organic

et | izer N and by retention of residues and
v, fixation. The organic matler content was increased after preceding or succeeding
! : ‘ S

egume CTOPS than-aﬁer procoeedmg or succeeding cereal crops. The average data showed
1 increase of 2.45 and 0.15% due to crop rotation of lentil-mai

. | ze *N compared with the
reatment O wheat ON-maize +N during 2004 and 2005 respectively. The data further

<howed that cropping sequence of vyheat +N-mash bean when compared with wheat ON-
mash bean increased the soil Ui Sanic matter by 4.78% during 2004 and 15.57% in 2005.
These results thus suggested that inclusion of legumes in Crop rotation could improve soil
Ol-g_anic fenility.

" Analysis of the data reveale?d that crop residues incorporation did not significantly
(p>0.03) Increase the soil organic matter (T.able 2). On the average, soil organic matter
wvas enhanced by 1.18 and 3.59% due to residues retention on soil surface as mulch than
residues removed treatment during 2004 and 2005 respectively. Improvement in soil

oreanic matter due to residues incorporation was 4.45 and 11.05% during 2004 and 2005
re;pectively. The non significant (p_>_0.05).effect of Crop residues on spil organic.matter
may be due to the fact that cereal crops residues have high C:N or lignin ratio, which can
nake them resistant to microbial attack. .Shaﬂ et al., (2007) and Bakht e al., (2009)
reported that crop residues iIncorporation increased the organic C of thp S.Oll over control
reatment. Our results demonstrated only small and stz.ttls.tlcally non §1gmﬁcant (920.05)
improvement in soil organic matter content both by .brmgmg legume in crop rotation and
residues incorporation and retaining residues on soil surface as mulcl? c?url.ng two years
oeriod. It is however, evident that the improvement was gradual, so 1t 1s likely that the
effect of both crop residues management and involvement of legumes In crop ro{atuop (})]n
soil organic matter will be more evident n long term experiments. We are aware ol | 3
facts that organic matter in soil is typically slow to respond to management changes an

. | o . . ;
treatment effects and may not be easily measured within a short period of time a
suggested by Power et al., (1998).
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ole 2. £ ffect of crop rf"f‘::)_s() cm) after harvest of maize/mash bean ¢y, r(“/(,)
o i.1 the surfact laye? —— Oreanic matter (%) \R
. 004 | 2005 | Averans~

0.770B 0.775

Maize * 1

Vheat ON -
BB A e 0.

: e

o +N following

[I\:iz:mléle 0.712 0.671BC 0.69)
Wheat ON 0.695 0.67A 0.683

0/, increase 2.4 0.15 ].“30 _
Mash bean following — ~

0.746 0.757BC 0.75)

Wheat +N

Wheat ON 0.712

0% increase 4.78 15.57 1017

Significance (p<0.05) NS S —

C S
01762 .

rop residues management _
Residues on surface(mulch) 0.773 0.750
W/’LL__M
Residues incorporated 0.798 0.804 0.801

Residues removed
% Increase 4.45 [1.05 775
Significance (p<0.05) NS NS

NS = Non significant
S = Significant
Means followed by

N uptake by maize stover: Crop residues management and crop rotation did not
the stover N uptake by maize crop during 2004. Crop

significantly (p=>0.05) increase
(2005) did significantly (p<0.05) enhance the N uptake of

rotation during the second year
maize crop (Table 3). The N uptake In stover of maize in cropping sequence of wheat

+N—maize ON was increased by 6.05% during 2004 and 10.94% in 2005 when compared
with the treatment of wheat ON—maize ON. Similarly, the N uptake in cropping sequence

different letters are statistically significant at p<0.05.
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~ON 10 0.298
N 0.28] o 0.33
\\‘hU - 0277C 0 : “:
e )

f{esidues incorporated 0.389 0.372 0.38]1
. d 0.364 '
Sjonificance 1<0.05 NS NS

NS = Non-significant
= Significant

Means followed by different letters are statistically significant at p<0.05.

of lentil-maize ON was improved non significantly (p>0.05) by 7.12% in 2004 and
gnificantly by 20.94% during 2005 w}}en compared with the rotation of wheat ON-
maize ON. Crop rotation of wheat +N - maize +N increased the maize stover N uptake by
an average of 13.98 and 14.09% during 2004 and 2005 respectively. Our data further
evealed that the treatment of lentil-maize +N non-significantly (p>0.05) increased the
«over N uptake by 15.05% during 2004 and significantly by 22.34% in 2005 when
compared with wheat ON-maize +N during the same years. These results agree with
those reported by Staggenborg ef al., (2003). Similarly, Stevenson & Van Kessel (1996)
tound that total N accumulated in cereal (wheat) was 27 kg ha" greater in a pea-wheat
-otation than in the wheat-wheat rotation. The premium for high protein wheat seed 1s yet
another reason why producers should consider crop rotation that includes legume crops.
The carry over effect of fertilizer N applied to wheat was evident in the following maize
(Table 3). The effect was, however, more evident in the N fertilized than in the N-

unfertilized wheat. Shah ef al.. (2003) found similar responses of fertilizer N applied to
maize on the following wheat In a rain-fed environment. Shafi et al., (2007) observed
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the treatment of resi
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5 respectively. These results ind;

’ Cdle that

~ | rati
residues INOOP " quring 2004 and 207

(=

significant (p=V. . -
. of wheat ON—maize ON improved the stover production b
N during 2004 and 2005, respectivelyy

N increased stover yield by 3.53% durin
od with crop rotation of wheat ON-maize +Ng

ficant (p<0.05) effect on the stover yield of the
The corresponding Increases in stover

. 7004 and 2005, respectively for the treatments of maize

(ON) following lentil than following wheat ON. The effect of lentil-maize +N increased

the stover vield by 12.49% 1 2004 and 21.18% during 2005 when compared with the
- results also revealed that fertilizer N applied to the

treatment of wheat ON—maize +N. Our
ffect on the stover yield of the following maize

previous wheat crop had a carry over ©
| analysis of the data also revealed that

crop during 2004 and 2005. Statistica
dues on the average resulted in 15.13 and 5.42% increase in

incorporation of crop resi
dues removed treatments during 2004 and 2005,

stover yield compared with the resi
n soil surface as mulch increased the stover

re‘spectively. Similarly, retention of residues 0
yield by 7.51% in 2004 and 3.28% in 2005 when comparad with the residues removed

treatments. Shah ef al., (2003), Shafi et al., (2007) and Bakht ef al., (2009) reported that
<hoot biomass was increased with residues retention. Similar findings were also reported
by Bhagat, (1990) who used different tillage, mulch and farm manure combination and
found maximum dry biomass in wheat in conventional tillage and mulch compared with
lotlzjer treatment c.ombination. This might be due to the m;dif)/ing effect of mulch on
r]()yOIrgigiL?;ai \Le%]mle of the soil (Bhagat & Acharya, 1987) which favorably affects the
d nf ot ¥ | ilhelm er al., 198?; Chgdhary & Chopra, 1983). Mulching increased the
ry matter yield of maize. Increasing soil moisture content by reducing evac;)orative losses

Previous legume Crop
succeeding maize during
yield were 7.71 and 13.75%
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. . 3
10 CTOP -esidues as mulch is reported to increase the dry matter of wheat. Gill et af

199%) while performing experiments on corn observed that dry matter was affected by

Julching: Mulching resulted in greater dry matter production.

Grain yield of mai;e: The effe;t of crop residues management, cropping sequence and
ertilizer N application Was significant (p=0.05) on grain yield of maize during 2004 and
7005 as presented 10 Table 5. Crop rotation of wheat +N-maize ON resulted in grain yield
erease of 3.07 and 10.58% during 2004 and 2005 respectively when compared with
vheat ON-maize ON. The same treatments also improved 100 grains weight by 3.56 and
12.02% during 2004 and 2005 respectively (Table 7). Similarly, grains cob™ was also
nereased by 5.07 and 7.93% during 2004 and 2003 respectively by the same treatments
(Table 6). The data also suggested that the treatment of lentil-maize ON improved the
orain yield of maize by 16.07 and 6.09% when compared with wheat ON-maize ON
during 2004 and 2005, respectively. This could be due to more number of grains cob”
and more 100 grains weight (Tables 6 and 7). The treatments of lentil- maize +N when
compared with wheat ON-maize +N enhanced the grain yield by 6.29 and 24.40% during

2004 and 2003, respectively. Again, the probable reason for more grain yield could be
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: Grains vield ('\ﬂh:ﬁ\

2004|2005

1 724C
1559C
10.58
1654C
1 1559C
'heat Ul , 6.09
% incggase 
“Maize +N followinz 1304A 605AB
WheaW 277
- Wheat ON 416 113 ];GI\
Yo i"_ 85 ™)
Mait7jle +N following 1398A 2916A -
M\ 2300
M 535
‘Significance (p<0.05) t > B
esidues managemen
E?s)?d:es on surface(mulch) 18788 2170A 2024
Residues removed 18208 20988 1950
% increase 312 3.43 33—
Residues incorporated 2002A 2220A 206] 1
W_,_@LO?—_—M
Significance (p<0.05 S S
S = Significant
nt letters are statistically significant at p<0.05.

Means followed by differe
more number of grains cob”! as shown in Table 6 and 7. Similarly
) I"

heavier grains and
many studies (Chalk er al., 1993) verified that N is a key factor in the response of ceregs
reals following non-legumes. Stevenson & Vap

following legumes compared with ce
d that cereals derive both yield and N benefits

Kessel (1996) and Chalk (1998) reporte
d with cereal monoculture. Crop rotation

from crop rotation with grain legume compare
of wheat +N—maize +N when compared with wheat ON-maize +N produced 14.16 and

11.13% higher grain yield during 2004 and 2005 respectively (Table 5). The sam
treatments also improved 100 grains weight by 10.42 and 15.39% in 2004 and 2005e
respectively (Table 7). Similar is the case with grain cob™ which were increased b th’
same treatments (14.79 and 15.18% during 2004 and 2005, respectively) (Tablz 6)e

There are reports where fertilizer N applied to the | |
| previous maize exerted ca
effect on the following ON wheat (Shah er al., 2003; Shafi et al., 2007 Bakhr:ye)toz;ler

2009). Thg §fkcts of fertilizer N on wheat yields are consistent with the low organi

matter fem!lty of the soil of this site. Similarly, Rasmussen et al., (1997) als fbamdC

that increasing N fertilizer rate increased the number of grains spik;"l which re Ol 0('-1"?

more grain yield compared with their control (ON) treatn:ent. A yield advantaoeﬂt{otre )
| o
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MAgemen

Crop resSiaut

Residues ON surface(mulch) 205.94 212 37 e i«
vesidues removed 197.81 206.51 20216
0/, inCreas< 4.11 2.84 347

Residues incorporated 214.16 228.04 4]

Residues removed 197.81 206.51 202 16
0% Increase 8.27 10.43 035,
siniﬁcance( <0.05) NS NS

g = Significant
Veans followed by different letters are statistically significant at p<0.05

wheat following legumes crop of lentil may be attributed to various factors, such as
lower nutrient export from the soil by legumes than by cereal, fixation of atmospheric
N better establishment and growth of cereal after legume than in cereal monoculture
and other rotation effects. ,

Analysis of the data also suggested that incorporation of residues in soil and
erention of residues on soil surface as mulch significantly (p<0.05) affected the grain
yield of wheat during 2004 and 2005 growing season (Table 5). The effect of residues
etention on soil surface as mulch when compared with residues removed treatments
increased grain yield by 3.19 and 3.43% during 2004 and 20 5, respectively. This could
be due to more 100 grains weight and number of grains cob™ (Tables 6 and 7).
Incorporation of residues in soil enhanced the grain yield by 4.51 and 8.93% when
ompared with the treatment of residues removal during 2004 and 2005, respectively.
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. . -] .
me treatments also ‘ncreased number of grains cob” and 100 grains weight (Tables
) also reported an increase in cereal grain and stover yields

by 37 and 49% respectively, when crop residues were incorporated compared with

control treatment (no residues incorporation). Shafi ef al., (2007) and Bakht ef al., (2009)
reported an increase in cereal grain yield when crop residues were incorporated compared

with untreated controls (no residues incorporation).

The sa
6 and 7). Kouyate ef al., (2000
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