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Introduction

Eroded areas have lower yield due to climatic fac-
tors, land configuration and faulty conventional 

soil and crop management practices. The erratic and 
higher intensity rain, gentle to steep slopes and the 
lower addition of organic amendments cause less 
productivity. The mountainous topographic features 
in humid and sub-humid conditions result in higher 
runoff losses and low infiltration. Water erosion caus-
es soil losses and nutrients removal with both run-
off and sediments. It ultimately declines soil fertility, 
productivity, causes economic losses and environmen-
tal pollution (Lal, 1998; Lal, 2001). The total amount, 

intensity and duration of rainfall, soil properties, 
land configuration, crops, soil and crop management 
practices determine the rate of erosion from agricul-
ture farm lands (Lu et al., 2007; Jiao et al., 2009; Eze-
monye and Emeribe, 2012). The rate of erosion gets 
increase with low infiltration, crusting and compac-
tion, less addition of crop residues (Bruce et al., 2006).

The adoption of soil management practices which 
improves soil physical conditions and build up soil 
organic matter (SOM) may increase crop yield in 
eroded areas (Wright et al., 2008).

Among soil management practices crop residues in-
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corporation has improved soil properties viz. biologi-
cal, physical and chemical and conserved soil moisture 
and increased crop production (Hejazi et al., 2010). 
Residues retention protects top soil and reduces soil 
nutrient losses (Mandal  et al.,  2004).  Numerous 
studies (Lal, 1974, 1978, 1995; Unger, 1986; Wicks et 
al.,  1994; Sadeghi and Bahrani, 2009) have shown 
higher maize yield with crop residues maintenance 
in soil.  Crop residues incorporation increase SOM, 
soil N, P and K (Mandal et al., 2004). However, the 
effects of tillage vary according to different soil type 
and properties, cropping sequence, residue addition 
and climate. Few studies (Paustian et al., 2000; Six et 
al., 2000) illustrated that tillage causes SOM decom-
position and accelerates OM degradation which re-
sults less OM build up in soil. The additions of crop 
residues in soil at the sowing time mostly immobilize 
the inorganic nitrogen (Mandal et al., 2004). Howev-
er, this can be reduced with incorporation of nitrogen 
as starter dose along with straw incorporation (Man-
dal et al., 2004). Tillage also affects soil water content 
by affecting surface runoff, infiltration rate and evap-
oration (Zhai et al., 1990).

The water use efficiency (WUE) of eroded areas also 
increases with available water contents and nutrients. 
The use of organic amendments (including farm-
yard manure (FYM) not only supply nutrients but 
also improves soil properties and conserves soil water 
(Schjonning et al., 1994; Tran-Thuc-Son et al.1995; 
EI-  Shakweer  et al.,  1998; Belay  et al.,  2001). The 
integrated application of FYM with inorganic fer-
tilizers has increased wheat and maize yield (Ma et 
al.,  1999; Yadav, 2001).  Similarly, straw incorpora-
tion with organic manure has improved soil physi-
cal properties and increased wheat yield (Kang and 
Balasubramanian, 1990; Mandal et al., 2004). Studies 
(Murwira and Kirchman, 1993; Makinde et al., 2001 
and Adeniyan and Ojeniyi, 2005) have shown higher 
crop productivity with the integrated addition of or-
ganic and inorganic amendments.

Due to global change in rainfall pattern, the humid 
areas having uncertain conditions of rainfall and win-
ter rains are becoming less during the wheat germina-
tion period. For efficient utilization of rain water fo-
cus on more infiltration and less runoff is required. 
Research on tillage system is necessary to lessen land 
degradation and to get potential crop yields as aver-
age yield production of wheat-maize in mountainous, 
erosion-vulnerable areas region of Rawalakot  (Lati-

tude 33◦ 51’ to 33◦ 85’ N and longitude 73◦ 48’ to 73◦ 80’ 

E) Azad Kashmir-Pakistan is 1 Mg ha-1 to 1.5 Mg 
ha-1.

Wheat and maize are major cereal crops of the state 
of Azad Jammu and Kashmir-Pakistan and studies 
have not been conducted so far on tillage practices of 
wheat-maize cropping system. Due to the importance 
of wheat and maize crop for nation’s economy, lack of 
research on soil management and conservation prac-
tices, a study was conducted to determine (i) wheth-
er higher grain yield and water use efficiency due to 
deep tillage with and without residue incorporation 
is greater than shallow tillage with and without crop 
residues incorporation (ii) Response of crop yield and 
WUE to organic and inorganic fertilizers. 

Materials and Methods

Study site
The field experiment of wheat-maize cropping system 
was carried out in 2009 and 2010 on clay loam soil at 
experimental research fields, Faculty of Agriculture, 
Univeristy of Poonch, Azad Jammu and Kashmir- 
Pakistan. The average annual precipitation of study 
area (Latitude 33◦ 51’ to 33◦ 85’ N and longitude 73◦ 
48’ to 73◦ 80’ E) is 1481 mm; 33% rainfall is received in 
winter (Dec. to March), and parent material is residu-
ium-colluvium from shales. Mean winter soil temper-
ature is 15◦C. The monthly rainfall and temperature 
(minimum and maximum) during wheat and maize 
growing period is given in Figure 1. 

Description of field operations and treatments
The pre-sowing composite soil samples were collect-
ed for characterization of study area. The properties 
of experimental area are given in Table 1. The ex-
perimental plot was ploughed thoroughly twice by 
tractor and according to tillage depth field was tilled. 
The experiment lay out was split plot arranged in ran-
domized complete block design with three replica-
tions. The treatments of main plots consists of: shal-
low tillage (0-15 cm; ST), shallow tillage with wheat 
straw incorporation @ 4 Mg ha-1 (STR), Deep tillage 
(0-30 cm; DT) and deep tillage with wheat straw in-
corporation @ 4 Mg ha-1 (DTR). The sub-plots were 
having three fertilizers levels viz. F1: Control (no 
application of fertilizers), F2: Recommended rate of 
fertilizer application (120 kg N, 60 kg P2O5 and 90 
kg K2O per hectare) and F3: integrated application 
of inorganic and organic fertilizers (8 Mg farm yard 
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manure (it provided 60 kg N, 60 kg P2O5 and 90 kg 
K2O per hectare). The fertilizers urea, diammonium 
phosphate (DAP) and sulphate of potash (SOP) 
were applied as source of nitrogen, phosphorus and 
potassium, respectively. All inorganic fertilizers were 
broadcasted at sowing and half nitrogen was applied 
at sowing and half after germination. The FYM was 
collected from neighboring house’s pens and its anal-
ysis showed total nitrogen percent was 0.78%. FYM 
was mixed thoroughly and spread evenly and applied 
to the experimental plots at sowing. Wheat straw in 
specified treatments according to layout plan was in-
corporated and properly mixed up to 15 cm depth at 
the time of sowing.
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Figure 1: Monthly rainfall during 2009-2010 (A); 
Monthly minimum and maximum temperature during 
2009-2010 (B)

Wheat and maize as test crops were sown in winter 
and summer, respectively in rotation. Wheat (Triti-
cum aestivum L.) variety “Saher” was sown on Octo-
ber 25, 2009 and harvested on May 20, 2011. Maize 
(Zea mays L.) variety “Sarhad white” was sown on 
June 24, 2010 and harvested on October 18, 2010. All 
cultural practices were adopted during whole growing 
period of crop.

Measurements
Threshing was done manually and yield data was record-
ed at 12% water contents after harvesting middle rows of 
each plot. Leaf area (LA) measurements were taken at the 
flowering stage in wheat and at silking stage in maize.

Table 1: Physico- chemical properties of pre- sowing soil 
samples
Soil properties Unit 0-15cm 15-30cm
Moisture % 13 10
Bulk density g cm-3 1.15 1.3
Volumetric water con-
tents

mm 22.43 33.9

Sand % 24 52.5
Silt % 39 15.3
Clay % 36 32.2
Textural class - clay loam sandy loam

pH(1:2) - 7.81 7.9
Electrical Conductivity dSm-1 0.07 0.09
Organic matter % 1.47 1.27
Calcium Carbonate % 13.26 13.9
 Nitrogen % 0.072 0.06
Phosphorus (extractable) mg kg-1 10.8 8.9
Potassium        (⸗) mg kg-1 74 86
Copper            (⸗) mg kg-1 0.71 0.77
Iron                 (⸗) mg kg-1 2.3 1.9
Manganese     (⸗) mg kg-1 3.571 4.616
Zinc               (⸗) mg kg-1 1.344 1.372

Water use efficiency was computes as:

Where:
Total water supplied = water at sowing – water at har-
vesting + growing season precipitation

The harvest index was computed as:

Soil analysis
The composite pre-sowing soil samples and post-har-
vest soil samples from every treatment were collected 
from 0-15 cm and 15–30 cm soil depth. Soil samples 
were air dried and processed by grinding in pestle and 
mortar and sieved with 2 mm sieve. The analyses for 
texture, pH1:2, EC1:10, OM, CaCO3, total N, P, K, Cu, 
Fe, Mn and Zn were done. Soil texture was determined 
by Bouyoucos hydrometer method (Gee and Bauder, 
1986). Soil pH was measured saturated 1:2 of soil wa-
ter suspension using pH meter (McLean, 1982). Elec-
trical conductivity was measured by preparing 1:10 
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Table 2:  Effect of tillage practices and fertilizers levels on yield, harvest index, leaf area and water use efficiency of 
wheat- maize cropping system

Treatments
Grain yield 

(Mg ha-1)
Straw / Stover yield

(Mg ha-1)
Harvest index

 (%)
Leaf area 

(cm2)
Water use effi-

ciency
(kg ha-1 mm-1)

Wheat Maize Wheat Maize Wheat Maize Wheat Maize Wheat Maize
Tillage practices (T)
ST 1.79 c 2.0 b 3.99 ns 4.75 ns 0.33 ns 28.20 ns 26 c 5386.7 b 2.79 b 2.55 b
STR 2.08 bc 2.55 ab 3.76 5.36 0.37 32.40 29 bc 5619 b 3.31 b 3.35 ab
DT 2.86 a 3.06 a 5.10 5.59 0.34 35.96 34 ab 6093 a 4.56 a 4.02 a
DTR 2.21 b 2.67 a 4.23 6.22 0.34 29.41 36 a 6064 a 3.45 b 3.51 a
Fertilizers levels (F)
F1 1.64 b 1.22 b 2.68 b 3.92 b 0.37 ns 24.97 b 27 b 4717 c 2.57 b 1.60 b
F2 2.39 a 3.30 a 4.88 a 6.38 a 0.33 34.46 a 32 a 6521 a 3.78 a 4.33 a
F3 2.68 a 3.15 a 5.28 a 6.15 a 0.33 35.05 a 34 a 6134.8b 4.24 a 4.14 a
LSD
T 0.41 0.656 4.23 NS NS NS 5.47 407.19 NS 0.856
F 0.53 0.362 0.79 0.769 NS 5.543 3.76 347.44 0.84 0.476
T×F ns ns ns 1.539 ns ns ns 694.87 ns ns

ST: Shallow tillage 0-15 cm; STR: Shallow tillage with wheat straw residues @ 4 Mgha-1; DT: Deep tillage 1-30 cm; DTR: Deep tillage 
with wheat straw residues @ 8 Mgha-1; F1: No fertilizers application; F2: 120:90:60kg ha-1 NP2O5 K2O;F3: 60:90:60 kg ha-1 NP2O5 K2O + 
FYM @ 8 Mgha-1; NS/ns = non significant at P ≤ 0.05; Columns / rows sharing same letters are non-significant at P ≤ 0.05

soil suspension (soil and water) (Rhoades, 1982). 
Soil OM was determined by a modified Mebi-
us method (Nelson and Sommers, 1982). Percent 
CaCO3 was determined by titration (Drouineau, 
1942). Total nitrogen in the soil was determined by 
Kjeldahl method (Bremner and Mulvaney, 1982). 
Available P by Olsen (1954) method using spectro-
photometer and extractable K by Richard (1954) 
method using flame photometer. Micronutrients 
(Zn, Cu, Fe and Mn) soil extract was measured us-
ing atomic absorption spectrophotometer (Lindsay 
and Norvell, 1978). Soil water contents and bulk 
density were measured at sowing and after harvest 
by gravimetric (Page et al., 1982) and core method 
(Blake and Hartage, 1986) respectively, up to depth 
of 30 cm. The water contents were expressed as vol-
umetric water contents by multiplying with bulk 
density. 

Statistical analyses
The statistical analyses were done by MSTAT C 
software, treatment differences were calculated at 
the 5% probability by least significant difference 
(LSD) test.

Results and discussions 

Yield, harvest index and leaf area of wheat
Tillage practices and fertilizers levels (Table 2) 
showed statistically (p ≤ 0.05) significant effect on 
grain yield. Among tillage treatments; DT gave 
higher yield (2.86 Mg ha-1) while the lowest yield of 
1.79 Mg ha-1 was found in ST. Deep tillage increases 
grain yield by 60%, 37% and 29% over ST, STR and 
DTR, respectively. Among fertilizers levels, F2 and F3 
showed statistically (p ≤ 0.05) similar grain yield rel-
ative to the control (F1). The maximum higher straw 
yield was observed under DT that is statistically at 
par with DTR, STR and ST. However, percent increase 
of straw yield in DT over ST, STR and DTR was 28%, 
36% and 21%, respectively. Among fertilizers levels, 
the trend of increase was similar as recorded for grain 
yield. Interactive effect of TxF was non-significant. 
Both tillage practices and fertilizers levels and their 
interactions showed statistically (p ≤ 0.05) similar 
harvest index (HI) values. 

Leaf area response for both tillage and fertilizers 
practices (Table 2) is statistically significant. Treat-
ments DT and DTR showed significantly (p ≤ 0.05) 
higher LA than ST and STR. Both F2 and F3 showed 



March 2017 | Volume 33 | Issue 1 | Page 131

Sarhad Journal of Agriculture
significantly (p ≤ 0.05) higher LA than F1. Interac-
tion of TxF was non-significant. 

Yield, harvest index and leaf area of maize
Tillage and Integrated nutrient application practices 
significantly affected the grain yield of maize (Table 
2). The significantly (p ≤ 0.05) higher grain yield (3.06 
Mg ha-1) was found in DT and DTR (2.67 Mg ha-

1) and the lowest of 2 Mg ha-1 in ST. DT showed 
53%, 20% and 15% increase of grain yield over ST, 
STR and DTR, respectively. Integrated nutrient ap-
plication practices also had statistically (p ≤ 0.05) 
significant impact on maize grain yield. The high-
est grain yield of 3.30 Mg ha-1 was recorded in F2 
whereas in F3 it was 3.15 Mg ha-1 as compared to F1 
(1.22 Mg ha-1) where no fertilizer was applied. The 
T×F interaction was non-significant (p ≤ 0.05). The 
effect of tillage treatments (Table 2) on maize stover 
yield was non-significant. However, maximum yield 
of 6.22 Mg ha-1 was recorded in DTR and the lowest 
(4.75 Mg ha-1) in ST. Among fertilizers level inor-
ganic nutrient alone or in integrated application with 
organic nutrients had significantly (p ≤ 0.05) higher 
stover yield than control. Higher stover yield of 6.38 
Mg ha-1 and 6.15 Mg ha-1 was obtained in F2 and F3 
treatments, respectively. The interaction of T×F was 
significant (p ≤ 0.05).

The tillage practices and integrated nutrient applica-
tion had non-significant (p ≤ 0.05) effect on HI of 
maize (Table 2). The HI was 28.20% and 35.96% for 
ST and DT, respectively. Integrated nutrient appli-
cation showed highly significant differences in HI. 
Maximum HI was recorded in F3 that was statisti-
cally at par with F2 while F1 gave a minimum HI. 
Interaction of tillage and fertilizers non-significantly 
(p ≤ 0.05) affected the HI.

The higher LA (Table 2) was recorded in DT and 
DTR and minimum was in shallow tilled plots. Appli-
cation of inorganic fertilizer and FYM in integration 
and separate had a statistically significant (p ≤ 0.05) 
effect on maize LA. The higher LA was recorded in 
F2 treatments followed by F3.

Water use efficiency of wheat and maize
Table 2 shows that statistically higher (p ≤ 0.05) 
WUE of wheat was recorded for DT (4.56 kg ha-1 
mm-1) and lower with ST (2.79 kg ha-1 mm-1). Deep 
tillage showed 63, 38 and 32% increase of WUE over 
ST, STR and DTR, respectively. Among fertilizers lev-

els, F3 gave 4.24 kg ha-1 mm-1 WUE which is statis-
tically higher than F1 (2.57 kg ha-1 mm-1) and similar 
to (p ≤ 0.05) F2 (3.78 kg ha-1 mm-1). Interaction of 
T×F WUE was statistically non-significant. 

The WUE of maize significantly responded to tillage 
and fertilizers levels (Table 2). The higher WUE was 
recorded in DT (4.02 kg ha-1 mm-1) and DTR (3.51 
kg ha-1 mm-1) and it was statistically similar with STR 
(3.35 kg ha-1 mm-1) and higher than (p ≤ 0.05) ST 
(2.55 kg ha-1 mm-1). The increase of WUE of DT over 
ST, STR and DTR was 58%, 20%, 15%, respectively. 
Application of inorganic and integrated nutrients 
has significant effect on the WUE and higher WUE 
was found in F2 (4.33 kg ha-1 mm-1) and it was fol-
lowed by F3 (4.14 kg ha-1 mm-1). Interaction of T×F 
non-significantly affected WUE.

Soil characteristics after wheat-maize cropping sys-
tem
Tillage system showed a significant impact on soil 
bulk density (BD) (Table 3). The higher BD was 
found in ST than other tillage systems. The lowest 
BD was found in DTR. Integrated nutrient applica-
tion showed highly significant effect on the bulk den-
sity. The higher BD was in F1 and the lowest in F3 
treatment. The TxF interaction significantly affected 
the BD at 15-30 cm depth but non-significantly at 
0-15 cm depth at maize harvest.

Data of volumetric water contents is presented in 
Table 3. Tillage and fertilizer levels had statistical-
ly non-significant impact (p ≤ 0.05) on soil water at 
0-15 and 15-30 cm depths. However, maximum wa-
ter contents were found in DT and DTR than ST and 
STR. In integrated nutrient application the higher 
water contents were in F3 treatments. Interaction of 
TxF had non-significant effect on soil water contents 
at both depths.

Data pertaining to soil pH at 0-15 and 15-30 cm is 
given in Table 3. Statistically non-significant effect of 
tillage practices as well as fertilizers levels were found 
on soil pH at 0-15 and 15-30 cm soil depth. Interactive 
effect of TxF was statistically significant on soil pH. 

Electrical conductivity of soil at depths 0-15 cm and 
15-30 cm was statistically non-significant by tillage 
practices (Table 3). Integrated nutrient application 
effect on soil EC in surface plow layer was non-sig-
nificant but had a significant effect on sub soil layer. 
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Table 3: Effect of tillage practices and fertilizers levels on soil properties after harvest of wheat-maize cropping system
Bulk Density
(g cm-3)

Volumetric water 
Contents (mm)

Soil pH Electrical Conduc-
tivity (dSm-1)

Calcium carbonate 
(%)

Organic matter (%)

0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm
Tillage practices (T)
ST 1.48 a 1.54 a 17.27 ns 17.22 ns 7.77 ns 7.86 ns 0.08 ns 0.08 ns 9.0 ns 8.92 ns 0.97 b 0.66 ns
STR 1.44 ab 1.51 bc 17.37 17.316 7.89 7.95 0.08 0.08 9.25 9.25 1.23 a 0.73
DT 1.46 a 1.53 ab 17.63 18.05 7.91 7.89 0.08 0.08 10.2 10.21 1.21 a 0.68
DTR 1.39 b 1.49 c 18.29 17.37 7.80 7.99 0.07 0.07 10.61 10.61 1.00 b 0.70
Fertilizers levels (F)
F1 1.49 a 1.57 a 16.96 ns 17.58 ns 7.80 ns 7.93 ns 0.07 ns 0.07 b 9.37 b 8.92 b 0.99 b 0.60b
F2 1.44 b 1.51 b 17.37 17.33 7.83 7.92 0.08 0.08 ab 10.82 a 10.33 a 1.12 ab 0.69ab
F3 1.39 c 1.47 c 18.59 17.56 7.90 7.92 0.08 0.09 a 10.73 a 9.98 ab 1.20 a 0.78a
LSD
T 0.05 0.03 NS NS NS NS NS NS NS NS 0.18 NS
F 0.03 0.03 NS NS NS NS NS 0.013 1.269 1.139 0.16 0.15
T×F ns 0.05 ns ns Ns ns ns ns 2.538 2.227 ns ns

ST: Shallow tillage 0-15 cm; STR: Shallow tillage with wheat straw residues @ 4 Mgha-1; DT: Deep tillage 1-30 cm; DTR: Deep tillage 
with wheat straw residues @ 8 Mgha-1; F1: no fertilizers application; F2: 120:90:60kg ha-1 NP2O5 K2O; F3: 60:90:60 kg ha-1 NP2O5 K2O + 
FYM @ 8 Mgha-1; NS/ns = non significant at P ≤ 0.05; Columns / rows sharing same letters are non-significant at P ≤ 0.05

The maximum EC was recorded in F3 which was 
statistically at par to F2. The small difference in EC of 
both soil depths was found and soil was free from salin-
ity problem. Interaction of TxF was non-significant.

Data regarding CaCO3 are given in Table 3 at 
both 0-15 and 15-30 cm depth. The CaCO3 did 
not show any statistical difference at both depths 
0-15 and 15-30 cm to tillage types. Integrated nu-
trient application had statistically significant (p ≤ 
0.05) impact on CaCO3 at both 0-15 and 15-30 
cm depth. The higher CaCO3 contents were found 
in F2 at 0-15 cm and 15-30 cm depth. Interaction 
of TxF showed significant effect.

The tillage practices had a significant effect on OM 
in surface plow layer but had a non-significant effect 
on sub soil layer (Table 3). The highest OM (1.23%) 
was recorded for ST R at surface plow layer and the 
same was at sub soil layer. Integrated nutrient ap-
plication practices had a significant impact on OM 
at both 0-15 and 15-30 cm depth. The highest OM 
(1.20%) was found in F3 and it was statistically (p ≤ 
0.05) at par with F2 at surface plow layer. Same trend 
was at sub soil layer. Interaction of TxF non-signif-
icantly affected the organic matter at both depths.

Soil Concentration of nutrients after wheat-maize 
harvest
Tillage systems did not have significant effect on soil 

N concentration (Table 4). However, the integrated 
nutrient application significantly (p ≤ 0.05) affected 
soil N concentration. The higher N was observed in 
F2 (0.07 %) at 0-15 cm depth and in F3 (0.06 %) 
at 15-30 cm soil depth. The TxF interaction had 
non-significant effect on N contents.

Soil phosphorous contents of different tillage prac-
tices were found statistically non-significant at both 
0-15 and 15-30 cm depths. More soil P concentration 
(5.54 mg kg-1) was found at surface plow layer com-
pared to sub soil layer. Integrated nutrient application 
showed significant (p ≤ 0.05) effect at both depths 
(0-15 and 15-30 cm) and maximum soil P concentra-
tion (5.88 mg kg-1) was found in F3 at 0-15 cm depth 
and F2 (4.91 mg kg-1) at sub soil layer (15-30 cm) as 
compared to F1. TxF interaction showed significant 
effect at both depths 0-15 and 15-30 cm. 

Soil potassium contents were significantly affected by 
tillage practices at 0-15 and15-30 cm (Table 4). Max-
imum K contents (82.56 mg kg-1and 73.11 mg kg-1) 
were in ST than other tillage system at both depths 
(0-15 and 15-30 cm). The higher soil K concentration 
was found at 0-15 cm depth compared to that at sub-
soil (15-30 cm). Integrated nutrient application sig 
nificantly (p ≤ 0.05) affected K concentration at both 
depths (0-15 and 15-30 cm) and the maximum soil K 
contents (83.83 mg kg-1 and 76 mg kg-1) were found 
in F2 treatments at both depths (0-15 and 15-30 cm)
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Table 4: Effect of tillage practices and fertilizers levels on soil nitrogen, phosphorus and potassium after harvest of 
wheat-maize cropping system

Total N (%) Phosphorus ( mg kg-1) Potassium  ( mg kg-1)
Treatments 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm
Tillage practices  (T)
ST 0.05 ns 0.05 ns 5.31 ns 4.12 ns 82.56 a 73.11 a
STR 0.06 0.06 5.39 4.40 78.56 b 72.78 a
DT 0.06 0.06 5.48 4.60 73.67 c 68.78 b
DTR 0.06 0.05 5.54  4.67 76.33 bc 72.00 a
Fertilizers levels (F)
F1 0.04 b 0.05 b 4.60 b 3.62 b 73.75 b 66.42 c
F2 0.07 a 0.05 b 5.81 a 4.91 a 83.83 a 76.00 a
F3 0.06 a 0.06 a 5.88 a 4.81 a 75.75 b 72.58 b
LSD
T NS NS NS 0.634        1.228 1.884
F 0.0114                    0.01                       0.816                  0.670                3.254 2.748
T×F ns ns 1.633                 1.339              6.508 5.496

ST: Shallow tillage 0-15 cm; STR: Shallow tillage with wheat straw residues @ 4 Mgha-1; DT: Deep tillage 1-30 cm; DTR: Deep tillage 
with wheat straw residues @ 8 Mgha-1; F1: no fertilizers application; F2: 120:90:60kg ha-1 NP2O5 K2O; F3: 60:90:60 kg ha-1 NP2O5 K2O + 
FYM @ 8 Mgha-1; NS/ns = Non significant at P ≤ 0.05; Columns / rows sharing same letters are non-significant at P ≤ 0.05

and lower in F1. Interaction of TxF also significant-
ly affected K concentration at both depths (0-15 and 
15-30 cm).

Wheat yield
Residue incorporation with ST and DT did not show 
significant effect on crop yield that may be due to ap-
plication of residues at the time of sowing i.e. residues 
had less time for decomposition altogether and nu-
trients of residues have not been into freely available 
form. Few studies had shown decreased grain yield 
of wheat due to crop residues incorporation because 
of poor seed germination (Hejazi et al., 2010). High-
er yield under DT compare to ST (Table 2) could 
be due to less runoff and higher infiltration. Data of 
grain yield (Table 2) suggests that integrated nutrient 
application was about as efficient as inorganic source 
of fertilizer. The combined use of FYM with inorgan-
ic fertilizers improve soil permeability, soil aggregates 
stability, checks N losses by organic mineral com-
plexes and uptake of nutrients which in turn increase 
plant yield (Satyanarayana et al., 2002). In long-term 
studies (Bayu et al., 2006; Yadav, 2001) FYM @ 5 Mg 
ha-1 with 50% of the recommended rate of inorganic 
fertilizer has increased grain yield equivalent to 100% 
of the inorganic recommend rate of fertilizer. The re-
sults propose that integrated nutrient management 
can reduce 50 % usage of inorganic fertilizers. Earlier 
it was reported by Abbasi and Tahir (2012) that urea 
nitrogen + FYM in 75:25 ratios saved ≈25% (30 kg) 

of N fertilizer for wheat production.

Maize yield
In DT and DTR, the highest grain yield was ob-
tained as compared to ST. It is attributed to the less 
soil compaction (Abu-Hamdeh, 2003) and uniform 
distribution of soil nutrients (Mahboubi et al., 1993). 
Zorita (2000) and Astier et al. (2006) reported high-
er maize grain yield in deep tilled and convention-
al tillage practices than no tillage. The interaction of 
organic and inorganic sources and alone had higher 
grain yield than control. These results were in line 
with Negassa et al. (2003) who demonstrated that the 
integrated application of FYM with NP fertilizers 
had similar maize grain as with recommended rate of 
inorganic fertilizers.

However, stover yield was statistically non-significant 
at all tillage treatments. Same results were found by 
Iqbal et al. (2005). The higher stover yield with in-
tegrated management practices (Table 2) might be 
due to availability of more nutrients that gave higher 
plant biomass and stover yield (Saeed et al., 2001).
Harvest index and leaf area of wheat and maize
Tillage practices had non-significant effect on wheat 
and maize harvest index (HI). Ijaz and Ali (2007) re-
ported significant effect of tillage on harvest index. 
Higher HI in application of inorganic source of nu-
trients and integrated organic and inorganic fertiliz-
ers application may be attributed to abundant root 
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growth and higher water and nutrients uptake. It re-
sults in higher HI of maize crop (Saeed et al., 2001).

Plant LA had direct impact on carbohydrate man-
ufacturing and transpiration process. The increase in 
LA in DT and F2 and F3 treatments is attributed to 
the readily available form of inorganic N and due to 
higher root proliferation and utilization of nutrients 
during growing season. 

Wheat and maize water use efficiency
Higher WUE under DT may be due to disruption of 
hard layers or disruption of naturally occurring dense 
pans, which develops due to ploughing at same for 
long time (Campbell et al., 1994). Similarly, DTR had 
statistically similar WUE of maize as DT. Crop resi-
due management, especially in sub-humid and sem-
iarid regions, is to improve soil water conservation 
(Steiner, 1994) due to reduced runoff due to improved 
soil structure that allows more infiltration. The more 
availability of water and nutrients in the root zone 
had a positive impact on WUE (Hatfield et al., 2001). 
In our study lower WUE in ST might be due to less 
conservation of soil water and lower grain yield. 

Soil characteristics after wheat-maize cropping sys-
tem
Tillage and residue application affected soil water 
contents and BD variably. The non-significant water 
contents under tillage and fertilizers treatments may 
results because of irregular dry days and/or because 
of low residue rates under rain-fed conditions. The 
tillage practices affect soil water contents by affect-
ing infiltration rate, surface runoff, evaporation losses 
and reducing the rain-drop impact (Zhai et al., 1990). 
Some studies however, showed a non-significant var-
iance in soil water content of conservation and con-
ventional tillage practices (Hill et al., 1985). The study 
indicated the effect of tillage-residue practices on soil 
bulk density is variable as some scientists showed no 
effect (Hill, 1990), whereas others reported lower soil 
bulk density (Edwards et al., 1992) and residue in-
corporation (Sidhu and Sur, 1993). In F1 higher bulk 
density may be due to higher re-settling of soil sepa-
rates due to less growth and less canopy to cover sur-
face from impact of rain drop. Soil pH and EC were 
unaffected by the treatments, however, EC is below 
4 dSm-1 which shows no salinity problem in these 
soils. Lower CaCO3 in post- harvest compare to pre- 
sowing may be attributed to redistribution of CaCO3 
in soil profile. Post-harvest organic matter was less 

compare to pre-sowing and this reduction is due to 
exhaustive effect of wheat-maize cropping system. 
Interactive effect of tillage practices with N fertili-
zation (organic and inorganic) had higher SOC and 
both active carbon and nitrogen fraction (Dolan et al., 
2006; Sainju et al., 2007). The highest OM (1.23%) 
at surface plow layer and lowest (0.66%) at sub soil 
layer might be due to wheat residue incorporation on 
upper surface which showed higher OM at 0-15 cm 
depth (Kashif et al., 2006). 

Concentration of nitrogen, phosphorus and potassi-
um in soil after wheat-maize harvest
The N contents were statistically non-significant 
among tillage practices, however, lower N was found 
in ST. The initial crop growth was significantly re-
duced by reducing the tillage intensity (Zorita, 2000). 
The non-significant difference in total N contents 
in soil at maize harvest was also reported by Iqbal et 
al. (2005). Overall negative balance of total nitrogen 
when compared with pre-sowing total nitrogen is at-
tributed to exhaustive cropping system and fates of 
nitrogen losses. Higher N contents in F2 and F3 at 
0-15 cm depth is due to higher application rate of N 
compare to F1. However, statistically similar N con-
tents in F2 and F3 may be due to slow mineralization 
and less leaching of N in F3. The synergistic effect of 
N and organic fertilizers maintain higher soil total N 
(Huang et al., 2007). The nitrogen fertilizers contrib-
ute 18-34 % soil residual N (Yang et al., 2007) and 
4-9.4% further mineralization from soil total N (Li 
et al., 2003).

Tillage system showed no effect on P contents how-
ever, P concentration was higher in surface plow layer 
than sub soil layer (Duiker and Beegle, 2006; Na-
jafinezhad et al., 2007). The response of organic and 
inorganic sources alone and in combination showed 
the same response of higher P at 0-15 cm depth. The 
higher P content in F2 and F3 due to application of 
P compare to F1. The organic manures slowly releases 
nutrients and had higher residual effect than inorgan-
ic fertilizers (Sharma and Mittra, 1991). Ewulo et al. 
(2008) reported a higher P availability due to increase 
in soil OM contents. However, overall soil phospho-
rous was low at maize harvest; this again might be 
due to exhaustive crops or P fixation. 

Combination of FYM and NPK (a mineral fertilizer) 
had higher soil nutrient (N, P, K) contents (Adeyemo 
and Agele, 2010). The K contents were higher in up-
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per 0-15 cm soil as than 15-30 cm depth. Duiker and 
Beegle (2006) and Thomas et al. (2006) after long 
experimentation of different tillage systems reported 
higher K concentrations in the surface layer than sub-
soil. 

Conclusions
 
The higher yield was obtained with deep tillage than 
shallow tillage. Crop residues incorporation with 
shallow and deep tillage practices did not give higher 
yield as deep tillage without residues incorporation 
but showed higher yield than shallow tillage. Farm 
yard manure application as integrated approach with 
inorganic fertilizers gave comparable yield and of 
both wheat and maize as inorganic fertilizers applica-
tion. Continuous plouging at same depth and removal 
of all crop residues reduces the yield of major cereals 
wheat and maize in wheat-maize cropping system.  
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