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ABSTRACT 

Conservation tillage and nitrogen may improve soil fertility, yield and income on sustainable basis. The aim of this 
study was to evaluate the impact of three tillage systems viz. zero (ZT), reduced (RT), and conventional tillage (CT) 
and five N rates (0, 80, 120, 160, and 200 kg·N·ha−1) on yield and yield components, soil organic matter (SOM), total 
soil N (TSN), and income of wheat (Triticum aestivum L.) grown after rice (Oryza sativa L.). Nitrogen rates signifi-
cantly affected yield and yield attributing characters with highest values recorded at 200 kg·N·ha−1. Mean maximum 
grain yield (6390 - 6845 kg·ha−1), net benefit (1359 - 1460 US$ ha−1), and benefit cost ratio (5.6 - 5.7) could be 
achieved at 160 to 200 kg·N·ha−1. The tillage systems produced similar yield and yield components except spikes m−2. 
The SOM and TSN were highest in ZT compared to other tillage systems. Though tillage × N interactions were not sig-
nificant for most of the parameters under study, the overall effect of ZT with 200 kg·N·ha−1 appeared to be most favor-
able compared to RT and CT. Zero tillage resulted in highest number of spikes m−2 (304.4), SOM (9.6 g·kg−1) and TSN 
(0.5 g·kg−1) with 200 kg·N·ha−1. The results suggest that ZT with 200 kg·N·ha−1 was optimum and sustainable strategy 
to achieve higher yield and income and also to improve SOM and TSN on silty clay soil. 
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1. Introduction 

Rice (Oryza sativa L.) followed by wheat (Triticum aes-
tivum L.) is a major cropping system in South Asia, oc-
cupying 14 Mha, while in Pakistan it covers 2.2 Mha [1]. 
A current trend in rice-wheat cropping system (RWCS) 
is the excessive use of tillage implements to obtain a 
good tilth. Management practices such as tillage, fertiliz-
ers, and pesticides result in degradation of natural re-
sources and low grain yield [2]. Research results showed 
that CT practices declined soil structure and stability 
over years due to depletion of SOM, which is already 
low in the soils of northwestern Pakistan affecting crop 
yield [3] (Fan et al., 2005). The present wheat yield is 
much lower than its genetic potential. Wheat planting in 
Pakistan is generally delayed when sown after harvest of 
fine rice. Wheat yield reduces by 1% - 1.5% ha−1·day−1, 
if planted after 15th November [4]. Conventional agri-
culture is serious threat to sustainability of RWCS and 

hazardous to environment [5]. 
Nitrogen is the most limiting nutrient in crop produc- 

tion and its efficient use to increase food production is 
more than any other input; however, much use of N may 
cause environmental concerns such as nitrate leaching, 
eutrophication, and greenhouse gases emissions and re- 
duce crop yield [6]. Therefore, proper use of N is cri- 
tical to optimize crop yield and minimize environmental 
damage. It has been estimated that 40% - 60% of 
N-applied is taken up by wheat, which decreases as the 
N-input increases, resulting in higher residual soil N that 
can be readily leached [7]. 

Zero tillage is an alternative to address the problems 
associated with conventional agriculture. Unlike CT, ZT 
may facilitate wheat planting at optimum time and re- 
duce cost of production. Zero tillage improve water- and 
nutrient-use efficiencies, and increase crop productivity 
and carbon sequestration, ameliorate soil properties and 
mitigate green house gases emission [8]. Under ZT, min-  *Corresponding author. 
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eralization is more evenly distributed over the growing 
season, while under CT there is a flush of mineralization 
following cultivation and hence soil N is more prone to 
leaching losses rather than its availability to crop. In ZT 
surface residues reduce soil bulk density and increase 
infiltration rate [9]. Crop residues are a source of organic 
C for soil microorganisms and also contribute to plant 
nutrients. Cereal residues, however, contribute little im- 
mediate plant-available N to the soil because of their 
wide C:N ratios. Sustaining wheat productivity in RWCS 
without jeopardizing the quality of soil and environment 
depends on appropriate tillage in combination with opti- 
mum N rate. Looking to the scenario of unsustainable CT 
and its impact on SOM, TSN, and productivity decline, 
there is a need to modify current tillage practices while 
growing wheat after rice. Current N recommendations 
developed for CT may be inadequate for optimum pro- 
duction of wheat under ZT and need redressing due to 
potential effects of surface residue on N transformations 
and crop development. No studies have been conducted 
in arid climate of Pakistan to determine feasibility of 
tillage in combination with N rates, and their effects on 
wheat yield with large amounts of previous crop residues. 
The present experiment was designed to evaluate the 
effect of tillage, N rates and their interaction on wheat 
yield and yield components, SOM, TSN, and income of 
wheat in RWCS.  

2. Materials and Methods 

2.1. Site, Treatments and Crop Management 

Field experiments were conducted from 2007-2009 at 
Gomal University, Dera Ismail Khan, Pakistan (31˚49'N, 
70˚55'E, 165 m elevation). The study area is character- 
ized by low rainfall (<200 mm·y−1), hot and dry summer. 
The experiment was laid out in a randomized complete 
block design with split plot arrangement replicated four 
times. Three tillage systems viz. ZT, RT, and CT were 
assigned to main plots, while five N (0, 80, 120, 160 and 
200 kg·N·ha−1) were applied to subplots. Each subplot 
was 50 m2 (10 m × 5 m) in size. The five subplots treated 
with different concentrations of N were isolated from 
each other by making bunds around them so that N could 
not be transported between these subplots. After rice 
harvest, the land was prepared for wheat. Zero tillage 
sowing was accomplished with ZT drill in the standing 
stubbles of preceding rice crop. Reduced tillage included 
rotavator followed by seed drilling machine, while CT 
comprised of disk plow (once), cultivator (twice) and 
rotavator (twice). Wheat (cv. Nasir 2000) was planted in 
first week of November in 30-cm wide rows at 100 
kg·ha−1 seed rate and harvested in third week of May 
each year. N was applied at 120 kg·ha−1 in the form of 
urea. Half of the N was applied at sowing, while remain- 

ing half was applied at tillering stage. Phosphorus was 
applied at 60 kg·ha−1 at sowing as triple super phosphate, 
banded with drilling in wheat plots. Weeds were con- 
trolled with Affinity 50 WDG (carfentrazone ethyl ester 
+ isoproturon) at two kg·ha−1 one month after sowing. 

2.2. Soil Analysis 

Before the experiment was laid out, the soil was deeply 
dug to make sure that the soil constituents were the same. 
Since the soil was very hard and calcareous, fifteen soil 
cores were randomly sampled from the 0 - 20 cm soil 
depth in the experimental plots and bulked for determine- 
ing physico-chemical characteristics. At the end of two 
years of experimentation, soil samples were taken again 
from each subplot (8 random samples) for total SOM 
contents and TSN. Organic matter was determined 
through wet oxidation based upon the Walkley and Black 
method [10]. Total N in soil was determined by the 
Kjeldhal method. The extractable P and K in soil samples 
were determined by the AB-DTPA extractable method 
[11]. The soil was silty clay (sand 150 g·kg−1, silt 450 
g·kg−1 and clay 400 g·kg−1), calcareous, alkaline in reac- 
tion (pH 7.8), low in organic matter content (6.5 g·kg−1), 
total N (0.3 g·kg−1), AB-DTPA extractable P (7.8 
mg·P·kg−1 soil) and high in available K (192 mg·K·kg−1 
soil).  

2.3. Measurement of Crop Parameters 

Data were recorded on spikes m−2, grains spike−1, 1000- 
grain weight, biological yield, grain yield, net benefit 
(NB), and benefit cost ratio (BCR). Number of spikes in 
one meter long row at four different places were counted 
in each subplot and converted into number of spikes m−2. 
Number of grains spike−1 was recorded by counting the 
number of grains of 10 randomly selected spikes from 
each subplot and average number of grains spike−1 was 
calculated. A random sample of 1000 grains from each 
treatment was collected and weighed with digital balance 
for 1000-grain weight. For biological yield, each sub- 
plot was harvested, sun dried, and weighed into kg·ha−1. 
For grain yield, the biomass of each subplot was sun 
dried, threshed, cleaned, and grains were weighed into 
kg·ha−1. Net benefit was determined by subtracting total 
cost of production from gross income. Benefit cost ratio 
was calculated from gross income divided by total cost of 
production.  

2.4. Statistical Analysis 

Data for each parameter over two year period was sub- 
jected to analysis of variance using a randomized com- 
plete block design with split plot arrangement according 
to MSTATC [12]. Treatment means were compared us- 
ing least significant difference (LSD) test at P ≤ 0.05. 
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3. Results and Discussion 

3.1. Spikes m−2 

Spikes m−2 was significantly affected by N rates both 
annually and for the two year period (Table 1). However, 
tillage (T), and T × N interactions were significant only 
in 2008-09 (Y2) and for the two year period. More spikes 
m−2 (255.1) were recorded in 2007-08 (Y1) than in Y2 
(243.5). The lower spikes m−2 in Y2 may be due to lower 
tillers m−2, which resulted from poor plant population. 
Indeed tillers m−2 were reduced by early Field cricket 
attack in Y2, although it was controlled by dusting insec- 
ticide (Sevin® 80 WSP Carbaryl) but the average plant 
population remained a bit thinner compared to Y1. Zero 
tillage produced highest number of spikes m−2 (247.1 and 
255.4) compared to RT (243.8 and 249.1) and CT (239.7 
and 243.5) during Y2 and over years, respectively. The 
higher spikes in ZT compared to CT were perhaps due to 
increased tiller production and increased tiller survival. 
The results revealed that spikes m−2 increased with in- 
crease in N rate and maximum spikes m−2 were recorded 
at 200 kg·N·ha−1 in Y1 (300.4), Y2 (289.3), and over 
years (294.8), while minimum spikes m−2 ranging from 
173.1 - 180.5 were recorded in control. The formation of 
spikes m−2 is positively correlated with N supply, thus 
increase in spikes m−2 may be due to increased soil fertil- 
ity and availability of resources to wheat crop at higher N 
rate compared with control [13]. In T × N interactions, ZT  

at 200 kg·N·ha−1 produced highest spikes m−2 during Y2 
(297.6) and over years (304.4). The results suggest that 
ZT is more responsive to N fertilization compared to RT 
and CT probably due to limited roots feeding area and 
hard compact surface leaving fewer chances of N losses 
via leaching and denitrification, which may be more in 
CT due to loose soil to a sufficient depth [14].  

3.2. Grains Spike−1 and 1000-Grain Weight 

Nitrogen significantly increased grains spike−1. In con- 
trast, nitrogen did not impact the effects of tillage. The 
results revealed that lowest grains spike−1 (48.2) was re- 
corded in control (Data not shown). Grains spike−1 in- 
creased with each increment of N upto 200 kg·N·ha−1. 
Grains spike−1 were highest at 200 kg·N·ha−1 in Y1 
(61.4), Y2 (66.3), and over years (63.9). More grains 
spike−1 at higher N may be due to more availability of N 
[15]. Nitrogen had also significant effect on 1000-grain 
weight (Data not shown). Reduced grain weight can re- 
sult from a large fraction of higher order tillers, which 
were relatively similar in all the three tillage systems. 
There was consistent increase in 1000-grain weight with 
increase in N rate both annually as well as for the 2-year 
period. The mean maximum value (45.3 g) was recorded 
with 200 kg·N·ha-1, while lowest value (37.1 g) was re- 
corded in control, indicating that severe nutrient stress 
had depressed 1000-grain weight [16].  

 
Table 1. Spikes of wheat as affected by tillage and N levels during two growing seasons. 

Tillage 

Zero Reduced Conventional Year N (kg·ha−1) 

Spikes m−2 

Mean 

2007-08 0 177.1 177.6 186.8 180.5 d 

 80 248.3 248.6 233.5 243.5 c 

 120 283.6 266.5 251.0 267.0 b 

 160 298.7 280.4 273.2 284.1 ab 

 200 311.1 298.9 291.3 300.4 a 

 Mean 263.8 254.4 247.2 255.1 

2008-09 0 168.9 h 171.8 h 178.5 h 173.1 e 

 80 235.2 f 237.4 f 223.1 g 231.9 d 

 120 252.2 e 254.4 e 240.0 f 248.9 c 

 160 281.3 bc 270.6 d 271.6 cd 274.5 b 

 200 297.6 a 284.7 b 285.4 b 289.3 a 

 Mean 247.1 a 243.8 b 239.7 c 243.5 

Mean (2 years) 0 173.0 h 174.7 h 182.7 h 176.8 e 

 80 241.8 f 243.0 f 228.3 g 237.7 d 

 120 267.9 de 260.4 e 245.5 f 258.0 c 

 160 290.0 b 275.5 cd 272.4 de 279.3 b 

 200 304.4 a 291.8 ab 288.4 bc 294.8 a 

 Mean 255.4 a 249.1 ab 243.5 b 249.3 

Note: Means followed by same letter or no letter do not differ significantly at 5% level of probability. 
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3.3. Biological Yield 

Nitrogen significantly affected biological yield during 
both the years (Table 2). The results revealed that bio- 
logical yield increased linearly with increase in N rate 
and maximum biological yield recorded at 200 kg·N·ha−1 
was 21,084, 20,470, and 20,777 kg·ha−1 during Y1, Y2, 
and for the 2-year period, respectively. Higher yield with 
higher N rate may be attributed to higher radiation inter- 
ception due to increase in leaf chlorophyll content, more 
and broader leaves, and higher leaf area index, which 
ultimately increased dry matter production [3]. The 
results further indicate that tillage and T × N interaction 
did not influence biological yield significantly. Zero 
tillage produced similar biological yield to RT and CT at 
each level of N during both the years as well as mean 
over years. The results further indicated that biological 
yield was lower with little or no N in ZT compared to RT 
and CT though the difference was not significant, proba- 
bly due to N deficiency in ZT and more N immobiliza- 
tion [17]. Although T × N interactions were not signifi- 
cant, but the favorable response of biological yield to ZT 
at highest N rate (200 kg·N·ha−1) compared to other till- 
age systems, the response being consistent both annually 
as well as over years, may not be overlooked. These re- 
sults suggest that ZT may produce higher biological yield 
compared to RT and CT if N is not a limiting factor.  

3.4. Grain Yield 

Grain yield was significantly affected by N, while T and 
T × N interactions were not significant (Table 3). Grain 
yield increased linearly with increase in N rate and 
maximum grain yield could be achieved at 160 to 200 
kg·N·ha−1 during Y1 (6453 - 6912 kg·ha−1), Y2 (6326 - 
6777 kg·ha−1), and mean over years (6390 - 6845 
kg·ha−1), while minimum grain yield (2042 - 2083 
kg·ha−1) was recorded from control. The increase in grain 
yield at higher N rate is mainly due to increased radiation 
interception driven by a rise in growth rate, leaf area and 
leaf area index, which ultimately increased grain yield 
[18]. Moreover, the highest grain yield is the result of 
increased spikes m−2, grains spike−1 and 1000-grain 
weight. The results further revealed that tillage systems 
produced statistically similar grain yield which is quite 
encouraging regarding ZT because of lower inputs cost. 
All the three tillage systems performed better at higher N 
rates compared to lower or no N. However, the most fa- 
vorable effect of ZT at 200 kg·N·ha−1 on grain yield both 
annually as well as over years compared to RT and CT 
would be of interest though the difference was not sig- 
nificant. The results indicate that ZT without N fertilizer 
would have adverse effect on wheat grain yield com- 
pared to RT and CT probably due to lower N availability 
at the commencement of crop growth [19]. However, ZT  

 
Table 2. Biological yield as affected by tillage and N levels during two growing seasons. 

Tillage 

Zero Reduced Conventional Year N (kg·ha−1) 

Biological yield (kg·ha−1) 

Mean 

2007-08 0 4528 5944 6352 5608 e 

 80 8154 10,214 7918 8762 d 

 120 13,583 14,735 14,742 14,353 c 

 160 17,596 18,626 18,368 18,197 b 

 200 22,403 20,171 20,679 21,084 a 

 Mean 13,253 13,938 13,612 13,601 

2008-09 0 4396 5771 6167 5444 e 

 80 7917 9917 7688 8507 d 

 120 13,188 14,306 14,313 13,935 c 

 160 17,083 18,083 17,833 17,667 b 

 200 21,750 19,583 20,076 20,470 a 

 Mean 12,867 13,532 13,215 13,205 

Mean (2 years) 0 4462 5857 6259 5526 e 

 80 8035 10,065 7803 8635 d 

 120 13,385 14,520 14,527 14,144 c 

 160 17,340 18,355 18,101 17,932 b 

 200 22,076 19,877 20,378 20,777 a 

 Mean 13,060 13,735 13,414 13,403 

Note: Means followed by same letter or no letter do not differ significantly at 5% level of probability. 
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Table 3. Grain yield as affected by tillage and nitrogen levels during two growing seasons. 

Tillage 

Zero Reduced Conventional Year N (kg·ha−1) 

Grain yield (kg·ha−1) 

Mean 

2007-08 0 1700 2146 2401 2083 d 

 80 2869 3443 2805 3039 c 

 120 4718 5114 4994 4942 b 

 160 6503 6269 6588 6453 a 

 200 7459 6609 6670 6912 a 

 Mean 4650 4716 4691 4686 

2008-09 0 1667 2104 2354 2042 d 

 80 2813 3375 2750 2979 c 

 120 4625 5014 4896 4845 b 

 160 6375 6146 6458 6326 a 

 200 7313 6479 6539 6777 a 

 Mean 4558 4624 4599 4594 

Mean (2 years) 0 1683 2125 2378 2062 d 

 80 2841 3409 2778 3009 c 

 120 4671 5064 4945 4893 b 

 160 6439 6207 6523 6390 a 

 200 7386 6544 6604 6845 a 

 Mean 4604 4670 4645 4640 

Note: Means followed by same letter or no letter do not differ significantly at 5% level of probability. 
 
would produce similar or even higher grain yield if pro- 
vided with optimum N rate compared to RT and CT. In 
case of higher N application (≥200 kg·N·ha−1) there will 
be more chances of N losses via leaching and denitrifica- 
tion from CT compared to ZT [14], which may lead to 
significant differences in grain yield of the tillage sys- 
tems. The results would further indicate that ZT would 
have higher N requirement compared to RT and CT to 
achieve higher grain yield due to lower mineralization 
and limited roots feeding area [20]. Additionally, the 
wide C:N ratio of the residues of rice can have a negative 
effect on N supply and hence higher N would be needed 
to optimize yield under ZT compared to RT and CT sys- 
tem. The results would suggest that ZT at 200 kg·N·ha−1 
may be more productive, economical, and safe environ- 
mentally on sustainable basis compared to the other till- 
age systems. In contrast, CT at higher N rate may have 
environmental consequences besides fatigues in soil fer- 
tility and productivity and unnecessary economic costs if 
continued for longer term. 

3.5. Net Benefit  

Net benefit was significantly affected by nitrogen (Table 
4). It increased with increase in N rates and maximum  

NB was obtained from 160 - 200 kg·N·ha−1 in the range 
of 1273 - 1368 US$ ha−1, 1445-1551 US$ ha−1, and 1359 
- 1460 US$ ha−1 during Y1, Y2, and for the 2-year period, 
respectively. Lowest NB ranging from 283 - 333 US$ 
ha−1 was obtained from control both annually as well as 
over years. It is evident from the results that N is posi-
tively correlated with NB and hence there was linear in-
crease in NB with rising N rate. The possible reason for 
significant variation in NB might be variation in yield 
due to different N rates, which means that increase in N 
up to optimum rate increased NB compared to control. 
Overall effect of tillage and T × N interaction was not 
significant. However, favorable effect of T × N interact- 
tion revealed that NB obtained from ZT with 200 
kg·N·ha−1 was quite hopeful when compared with RT 
and CT system. This indicates that ZT is more economi- 
cal at higher N rate than RT/CT at similar level of N. The 
optimum NB obtained from ZT with 200 kg·N·ha−1 is 
ascribed to cutting costs of cultivation, enhanced N and 
water use efficiency, significant reduction in weed popu- 
lation, and an identical grain yield compared to RT and 
CT system. The economic comparison of ZT at optimum 
N with CT was accounted for gross margin only, al- 
though ZT have some other potential benefits, which   
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Table 4. Net benefit as affected by tillage and N levels during two growing seasons. 

Tillage 

Zero Reduced Conventional Year N (kg·ha−1) 

Net benefit (US$ ha−1) 

Mean 

2007-08 0 209 305 336 283 d 

 80 459 586 402 482 c 

 120 889 973 913 925 b 

 160 1303 1235 1282 1273 a 

 200 1518 1301 1286 1368 a 

 Mean 876 880 844 866 

2008-09 0 248 357 396 333 d 

 80 527 671 468 555 c 

 120 1011 1106 1044 1054 b 

 160 1477 1401 1458 1445 a 

 200 1718 1475 1461 1551 a 

 Mean 996 1002 965 988 

Mean (2 years) 0 228 331 366 308 d 

 80 493 628 435 519 c 

 120 950 1039 979 990 b 

 160 1390 1318 1370 1359 a 

 200 1618 1388 1373 1460 a 

 Mean 936 941 904 927 

Note: Means followed by same letter or no letter do not differ significantly at 5% level of probability. 
 
may have significant economic and environmental im- 
pacts like C sequestration, fuel saving, and reduced risk 
of soil erosion, surface and ground water pollution, im- 
provement in soil properties and thus ZT may become 
several folds superior to CT [21].  

3.6. Benefit Cost Ratio 

There was no significant effect of tillage and T × N in- 
teraction on BCR. The most consistent effect was that of 
N fertilizer, which increased BCR significantly each year 
as well as over years (Table 5). The BCR increased with 
increase in N rate and highest BCR was achieved at 160 
to 200 kg·N·ha−1 during Y1 (5.5 - 5.6), Y2 (5.7 - 5.8), 
and for the 2-year period (5.6 - 5.7) compared to control 
having lowest BCR in the range of 2.3 - 2.4. The highest 
BCR from 160 and 200 kg N plots could be due to more 
nutrients uptake by crop at these two levels resulting in 
higher yield as against control. Moreover, N significantly 
increased BCR as a result of higher produce obtained 
compared to control. Although tillage and T × N interact- 
tion did not influence BCR significantly, however, ZT 
with 200 kg·N·ha−1 had a little margin over RT and CT, 
which indicates that ZT may be more cost effective at 
higher N rate compared to RT and CT system. The BCR 
value obtained from ZT at 200 kg·N·ha−1 during both the 
years as well as over years was quite satisfactory when  

compared with RT and CT system. Because the latter 
two systems (RT and CT) despite higher cost of cultiva- 
tion could not produce higher yield than ZT, as a result 
BCR value remained statistically at par with ZT. The 
reason for favorable BCR in ZT at 200 kg·N·ha−1 com- 
pared to RT and CT is ascribed to lower cost of cultiva- 
tion, and better utilization of resources. The unfavorable 
out put/input ratio under CT might be due to its higher N 
losses through leaching, denitrification and its more fa- 
vorable environment for weeds growth particularly Phalaris 
minor and Rumex dentatus which were dominant in CT 
[22,23].  

3.7. Soil Organic Matter 

Mean values for tillage revealed that ZT plots stored 
highest SOM content (7.48 g·kg−1 soil) compared to RT 
(6.90 g·kg−1 soil) and CT (6.86 g·kg−1 soil) after 2 years 
of experimentation (Table 6). Soil organic matter in- 
creased with increase in N rate and highest value (8.37 
g·kg−1 soil) was recorded at 200 kg·N·ha−1. The T × N 
interaction revealed that all the three tillage systems in- 
creased SOM with each increment of N; however, high- 
est SOM (9.60 g·kg−1 soil) was recorded from ZT at 200 
kg·N·ha−1. Higher SOM storage under ZT may be due to 
reduced decomposition of SOM because of a less aerobic 
environment and better physical protection of SOM  
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Table 5. Benefit cost ratio as affected by tillage and N levels during two growing seasons. 

Tillage 
Year N (kg·ha−1) 

Zero Reduced Conventional 
Mean 

2007-08 0 2.0 2.4 2.4 2.3 d 

 80 3.0 3.4 2.5 3.0 c 

 120 4.6 4.7 4.2 4.5 b 

 160 5.9 5.5 5.2 5.5 a 

 200 6.4 5.5 5.0 5.6 a 

 Mean 4.4 4.3 3.9 4.2 

2008-09 0 2.2 2.6 2.5 2.4 d 

 80 3.1 3.5 2.6 3.1 c 

 120 4.7 4.9 4.3 4.6 b 

 160 6.1 5.6 5.4 5.7 a 

 200 6.6 5.6 5.2 5.8 a 

 Mean 4.5 4.4 4.0 4.3 

Mean (2 years) 0 2.1 2.5 2.5 2.4 d 

 80 3.1 3.5 2.6 3.1 c 

 120 4.7 4.8 4.3 4.6 b 

 160 6.0 5.6 5.3 5.6 a 

 200 6.5 5.6 5.1 5.7 a 

 Mean 4.5 4.4 4.0 4.3 

Note: Means followed by same letter or no letter do not differ significantly at 5% level of probability. 
 

Table 6. Soil organic matter accumulation in 0 - 20 cm depth after 2 years of trial as affected by tillage and N. 

Tillage (T) 

Zero Reduced Conventional Nitrogen (kg·ha−1) 

Soil organic matter (g·kg−1 soil) 

Mean 

0 6.30 h 6.40 gh 6.50 fg 6.40 e 

80 6.50 fg 6.50 fg 6.58 f 6.53 d 

120 7.00 d 6.53 f 6.70 e 6.74 c 

160 8.00 b 7.05 d 7.00 d 7.35 b 

200 9.60 a 8.00 b 7.50 c 8.37 a 

Mean 7.48 a 6.90 b 6.86 c  

Note: Means followed by same letter or no letter do not differ significantly at 5% level of probability. 
 
within aggregates. Moreover, CT increases the rate of 
SOM decomposition and C and N mineralization [24], 
which may increase wheat yield in short term but in long 
term continuous CT degrades SOM and reduces soil fer- 
tility and structural stability. In contrast, ZT system with  

optimum N fertilization provides more SOM [25], a con- 
dition necessary for long-term sustainability, which should 
be a major consideration in future tillage research. There- 
fore, the need to manage SOM and improve soil structure 
is a main concern in the soil. 
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Table 7. Total soil nitrogen in 0 - 20 cm depth at the end of 2 years of experimentation as affected by tillage and N. 

Tillage (T) 

Zero Reduced Conventional Nitrogen (kg·ha−1) 

Total soil N (g·kg−1 soil) 

Mean 

0 0.30 c 0.30 c 0.28 c 0.29 d 

80 0.30 c 0.30 c 0.30 c 0.30 d 

120 0.40 b 0.30 c 0.30 c 0.33 c 

160 0.48 a 0.38 b 0.38 b 0.41 b 

200 0.50 a 0.48 a 0.40 b 0.46 a 

Mean 0.40 a 0.35 b 0.33 c  

Note: Means followed by same letter or no letter do not differ significantly at 5% level of probability. 
 
3.8. Total Soil N Content 

Total soil N showed almost similar responses to tillage 
and N as SOM in the 0 - 20 cm soil depth (Table 7). 
Zero tillage had the highest TSN stock (0.40 g·kg−1 soil) 
compared to RT (0.35 g·kg−1 soil) and CT (0.33 g·kg−1 
soil) after 2 years of continuous RWCS. Mean values for 
N rates revealed highest TSN (0.46 g·kg−1 soil) contents 
at 200 kg·N·ha−1 and lowest TSN (0.29 - 0.30 g·kg−1 soil) 
at N rate from 0 - 80 kg·N·ha−1. In T × N interaction, 
highest TSN storage was achieved from ZT (0.48 - 0.50 
g·kg−1 soil) at 160 to 200 kg·N·ha−1 and from RT (0.48 
g·kg−1 soil) at 200 kg·N·ha−1, while it was lowest (0.28 - 
0.30 g·kg−1 soil) at 0 or lower N rates irrespective of the 
tillage system. Higher TSN sequestration under ZT at 
higher N rate may be due to more accumulation of crop 
residues near the soil surface from which soil N is de- 
rived. Moreover, N might have incorporated in microbial 
biomass near the soil surface, leaving less N available for 
mineralization or leaching [26].  

4. Conclusion 

In a hot arid climate and in an irrigated condition when 
crop residues were left on the field, the final biomass and 
grain yield of wheat under ZT were similar to those ob- 
tained under RT and CT; these results support the adop- 
tion of ZT for wheat under such conditions. A preceding 
rice crop residues with wide C:N ratio did not improve 
the productivity of the subsequent wheat crop but rather 
demanded more N particularly under ZT. Because wheat 
biomass, grain yield, net benefit (NB), benefit cost ratio 
(BCR), soil organic matter (SOM) and total soil N (TSN) 
responded differently to N among the tillage systems, it 
can be assume d that N was a limiting factor in the pro- 
ductivity of ZT wheat. Nitrogen at 160 - 200 kg·N·ha−1 
produced higher yield and yield attributing characters in 
addition to higher NB, BCR, SOM, and TSN compared 
to lower levels of N. Zero tillage had the highest spikes 

m−2, SOM, and TSN at 200 kg·N·ha−1 among the tillage 
systems. The results would indicate that ZT may be more 
productive, economical, and safe environmentally, while 
sequestering more C and N at higher level of N than RT 
and CT system. Thus wheat can be grown successfully 
after rice on silty clay soils with ZT at 200 kg·N·ha−1 in 
arid climates. The farmers of KPK Pakistan, who face 
problem of yield decline under CT despite application of 
higher doses of N to wheat crop, require demonstration 
of the benefits of higher N level under ZT that may 
guarantee sustainable and profitable wheat production. 
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