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ABSTRACT

In rice-wheat cropping system, use of zero tillage alongwith mulch may play a 
crucial role for soil moisture conservation and agricultural sustainability. A 
field experiment was conducted at Agronomic Research Farm, University of 
Agriculture, Faisalabad, Pakistan during the year 2010-11 to investigate the 
effect of different tillage systems and mulch practices on water conservation in 
wheat under rice-wheat cropping system. Split plot design was used with four 
tillage methods (happy seeder, zone disc tiller, conventional tillage and deep 
tillage) in main plots and four mulch practices (no mulch, wheat straw @ 4 t/ha,
rice straw @ 4 t/ha and plastic sheet) in subplots. Wheat yield parameters such 
as number of fertile tillers (351/m2), number of grains per spike (57.5), 
biological yield (15.0 Mg/ha) and grain yield (5.4 Mg/ha) were significantly 
higher in deep tillage as compared with other tillage treatments while water use 
efficiency (0.026 kg/kg) was higher and same in deep tillage and zone disc 
tiller. Plant height and 1000-grain weight remained non-significant under 
different tillage systems. 1000-grain weight (44.1 g) was higher in no mulch 
while number of fertile tillers, plant height, number of grains per spike, 
biological yield, grain yield and water use efficiency remained non-significant 
under other mulch treatments. Deep tillage alongwith rice mulch produced 
maximum net return (Rs. 63193/ha) and BCR (1.51) than all other tillage and 
mulch treatments. Maximum BCR (1.51) was also noted in deep tillage with no 
mulch. 

KEYWORDS: Oryza sativa; Triticum aestivum; deep tillage; mulches; 
water conservation; agronomic characters; biological yield; 
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INTRODUCTION

Wheat (Triticum aestivum L.) has meaningful importance for developing 
countries like Pakistan, where rapid increase in population already 
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outstripped the available food supplies. Wheat contributes 13.1 percent to the
value added in agriculture and 2.7 percent to gross domestic production (4). 
In Pakistan, there are mainly two major constraints of low wheat yield in rice-
wheat cropping system i.e. late planting and shortage of water. Total area 
under rice in Pakistan is about 2.36 million hectares, out of which 50 percent 
lies under fine rice varieties. These varieties are late maturing which delay 
wheat sowing but farmers prefer to grow these varieties due to high gross 
margins. Rice is harvested mechanically by combined harvester, which 
leaves rice stubbles which require a number of tillage operations. It is 
believed that delayed sowing of wheat is due to late harvesting of basmati 
rice varieties and unwise tillage operations during seedbed preparation.

During the fiscal year 2010-11, availability of water as a basic input for kharif 
2010 (for the crops such as rice, sugarcane and cotton) was 20 percent less 
than normal supplies and 21 percent less than last year’s kharif season. The 
water availability during rabi season (for major crop such as wheat) is, 
however, estimated at 34.6 MAF, which is 5 percent less than the normal 
availability and 38 percent more than last year’s rabi crop (4).

Tillage provides adequate soil moisture, suitable environment for seed 
germination and longer root development by suppressing weeds and 
controlling soil erosion. Tillage operations carried out with heavy machinery 
tend to compact the soil. Soil tillage could affect water availability to plants 
fundamentally via two factors i.e. soil water capture and root uptake capacity. 
Conventional crop cultivation practices in rice-wheat cropping system 
degrade the soil and water resources, thereby threatening the sustainability 
of the system while continuous ploughing at same depth leads to the 
formation of hard pan in lower layers over a period of time (17). The most 
serious sources of sub-soil compaction are ploughing (1) and tyre inflation 
process (26). Deep tillage system reduces the soil compaction and improves 
rooting depth due to deep ploughing (22).

Gathala et al. (13) observed that zero tillage in rice-wheat cropping system 
had some encouraging results which especially reduced 50-60 percent 
operational costs. Zero tillage system provides substantial labor and energy 
saving as well as erosion control benefits. Continuous use of reduced or no-
till practices substantially improves the net profitability of crop production 
(31). The yield of zero-till wheat is equal to or even higher than yields 
produced by conventional tillage (20). However, no-till wheat yields are 
oftenly affected by poor crop stand due to soil compaction, anoxic conditions, 
and immobilization of nitrogen (2, 23). Zero-tillage provides the opportunity to 
replace the traditional agriculture by a new concept of conservation 
agriculture (9). 
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Mulch is one of the techniques which improve soil quality by increasing soil 
organic carbon. Mulch works as a protective layer for soil that stimulates root 
growth and aids in weed control. When mulch is applied, evaporation rate 
decreases, leaving more moisture and less variation in soil temperature for a 
longer period of time (6). It is well known that use of soil cover has an 
important role mainly in conserving the soil moisture and weed control 
without any use of herbicides (30). Mulch reduces number of irrigations by an 
average of 17 percent (27). Wang et al. (32) found that wheat straw mulch 
reduced evaporation by 50 percent under winter wheat and saved about 80 
mm water during wheat growth season. Mulch increased the soil moisture in 
root zone and significantly decreased soil temperature, which was suitable 
environment for seedling establishment and growth than bare soil (19). 
Moreover, plastic mulch enhanced the crop yield by changing soil properties, 
increased nutrient and water use efficiency and soil moisture (12).

Zero tillage and mulch can change the capability of soil surface to intercept 
rainfall by affecting hydraulic conductivity of the top soil, soil roughness, and 
soil surface porosity. It is renowned technique for conserving water by 
reducing direct evaporation and escalating water storage (10). Sarkar and 
Singh (25) observed that deep and shallow depth ploughing with mulch have 
marked impact and increased grain production and WUE than un-mulched. 
Zero tillage and mulches have emerged as effective wheat production 
technique in recent years under rice-wheat cropping system. These 
technologies may help achieve the dual goal of increasing food production 
and saving water.

The present study was planned to evaluate the impact of tillage methods and 
mulching techniques on growth and yield of irrigated wheat under rice-wheat 
cropping system and also economic feasibility of these practices.

MATERIALS AND METHODS

This study was conducted at Agronomic Research Farm, University of 
Agriculture, Faisalabad, Pakistan during rabi season 2010-11. This region is 
subtropical semi-arid with average annual rainfall of 490+5 mm (Fig. 1). 

Selected chemical and physical characteristics of soil were: pH 7.7±0.1, 
electrical conductivity 2.82±0.3 dS/m, soil organic matter content 0.73%, total
N 0.04%, available phosphorus 6.2 mg/kg, exchangeable potassium 83 
mg/kg, sand 53 percent, silt 20 percent and clay 27 percent.
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Fig. Meteorological data recorded during crop growth period

The experiment was laid out in split plot design replicated thrice and keeping 
tillage practices in main plot and mulch practices in sub-plot with net plot size 
of 5.4 m × 8.0 m. The previous crop was rice which was harvested 
manually during 2nd week of November. The wheat cultivar Seher-2006 was 
sown on 30th November, 2010 with seed rate of 125 kg per hectare. Row 
spacing of 22.5 cm was kept in case of happy seeder (a zero tillage drill) and 
zone disc tiller (a zero tillage drill), having 24 rows per plot. Row to row 
distance in case of conventional tillage (2 disc harrow - 1 rotavator - 1 
planking - sowing with rabi drill) and deep tillage (1 mould board plow - 1 
rotavator - 1 planking - sowing with rabi drill) was kept as 30 cm with 18 rows 
per plot. Fertilizers were used @ 120-100- 60 kg NPK per hectare. Whole of 
phosphorus and potash and 1/3rd of nitrogen were applied at sowing time. 
Remaining nitrogen was applied in two splits i.e. 1/3rd at tillering and 1/3rd at 
spike initiation stage. The mulch sources i.e. wheat straw, rice straw (4 t/ha)
and plastic sheet were applied after one week of sowing. Bromoxynil (1250 
ml/ha) was applied five days after first irrigation with a knapsack sprayer to 
control broad leaved weeds, while Fenoxaprop P-Ethyl (1000 ml/ha) was 
applied three days after 2nd irrigation against narrow leaved weeds. In all 
treatments, four irrigations were given to the crop i.e. 24 days after sowing 
(DAS) (at tillering), 55 DAS (at stem elongation), 85 DAS (at booting), and 
117 DAS (at grain formation). Water quantity delivered to each treatment was 
measured with the help of cutthroat flume. The crop was harvested manually 
after its maturity on 8th May, 2011. 

Water-use efficiency of wheat

For water use efficiency (WUE), measured quantity of water was applied to 
each treatment. Cutthroat flume was installed in main water channel. Its level 
was checked with the help of leveler. Water was allowed to flow upto 10 
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minutes in non-experimental area to maintain constant flow of water. 
Irrigation was applied to each plot according to its need and time taken was
recorded. Measurement was made through cutthroat flume. Ha (water inlet 
reading cutthroat flume in inches) and Hb (water outlet reading cutthroat 
flume in inches) readings were noted and discharge (cusecs) was determined 
using Andard table. Total water used was calculated using following formula:-

Quantity of water I (cubics) = Q (cusecs) × t (seconds)

This practice was repeated at all three irrigations, thus total amount of water 
applied to each plot was calculated by summing up the individual values as
given below:-

Total amount of water (W) = I1+I2+I3

Total amount of water was converted to kilograms and water use efficiency 
was calculated using following formula.

Water use efficiency (WUE) = [Yield per plot (kg)/Total quantity of water (kg)] x 100

Economic analysis

Cost of production was worked out by calculating the fixed cost and varying 
costs of zero tillage, deep tillage and conventional tillage sowing methods of 
wheat alongwith mulch sources i.e. wheat straw, rice straw and plastic sheet 
and was added in fixed cost. 

Net return: Net return was determined by subtracting the total cost of
production from the gross income of each treatment (5).

Net income = Gross income – Cost of production

Benefit cost ratio (BCR): BCR was calculated by using the following 
formula.

        Gross income
     BCR = ―———————

                         Total cost

Statistical analysis

Data recorded with standard procedures were analyzed statistically using 
Fisher's analysis of variance technique (29). Differences among the 
treatment means were compared using least significant difference test at 5 
percent probability level.
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RESULTS AND DISCUSSION

Tillage system had non-significant effect on plant height and 1000-grain 
weight. Deep tillage significantly produced higher fertile tillers (351) than 
conventional tillage (332), zone disc tiller (312) and happy seeder. Maximum 
number of grains per spike was noted in deep tilled wheat (57.5) that was 5, 
20 and 22 percent significantly higher than conventional tillage, zone disc
tiller and happy seeder, respectively (Table 1). Wheat biological yield was

Table 1. Tillage and mulch interaction effect on yield, yield parameters and water use 
efficiency of irrigated wheat.

Tillage 
treatments

Mulch
treat-
ments

Plant 
height 
(cm)

Fertile 
tillers 
(m2)

Grains/
spike

1000-
grain 

weight (g)

Total 
yield 

(Mg/ha)

Grain 
yield 

(Mg/ha)

WUE 
(%)

M0 97.6a 323a 50.2a 44.1a 11.9a 4.6a 0.021a

MWheat 97.7a 322a 49.2a 41.6c 12.4a 4.5a 0.022a

MRice 96.3a 323a 49.7a 42.0b 13.2a 4.6a 0.022a

MPlastic 97.7a 329a 53.3a 42.1b 12.5a 4.7a 0.025a

Tillage x Mulch interaction
HS M0 97.5 307 47.7 43.5 9.7 4.0 0.014

MWheat 96.9 304 46.9 40.1 10.2 3.9 0.014

MRice 96.4 302 41 40.4 11.9 3.9 0.016

MPlastic 100.2 298 42.6 41.3 10.4 3.8 0.018

Mean 97.7A
§ 303D 44.5C 41.3A 10.6B 3.9D 0.015C

ZDT M0 97.6 316 44.5 40.5 12.2 4.3 0.026

MWheat 100 307 40.8 41.8 11.4 4.0 0.023

MRice 94.2 303 46.4 39.3 11.8 3.9 0.029

MPlastic 93.6 324 51.7 41.9 13.2 4.6 0.028

Mean 96.4A 312C 45.9B
C

40.9A 12.2B 4.2C 0.0026A

CT M0 96.9 320 53.1 45.1 10.3 4.4 0.023

MWheat 98.8 323 55 40.1 14.1 4.6 0.017

MRice 95.6 337 51.9 41.4 12.0 5.0 0.021

MPlastic 99.6 346 58.2 42.1 13.0 5.3 0.026

Mean 97.7A 332B 54.6A
B

42.2A 12.3B 4.8B 0.020B

DT M0 98.3 351 55.5 47.3 15.5 5.4 0.020

MWheat 95.1 355 54.3 44.6 13.9 5.6 0.035

MRice 99.2 351 59.3 46.8 17.0 5.4 0.021

MPlastic 97.1 346 60.7 43.0 13.5 5.3 0.027

Mean 97.4A 351A 57.5A 45.4A 15.0A 5.4 0.026A
LSD<0.05 TillagexMulch NS NS NS 0.44 NS NS 0.003

CT=Conventional tillage, DT=Deep tillage, ZDT=Zone disc tiller (zero tillage drill), HS=Happy seeder (zero 
tillage drill), WUE=Water-use efficiency, and NS=Non-significant. ΨMeans separated by same lower case 
letter in each column do not significantly different among Mulch treatments at p≤0.05. §Means separated 
by same upper case letter in each column do not significantly different among tillage treatments at 
p≤0.05.
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significantly higher (15 Mg/ha) in deep tillage as compared to other tillage 
treatments. Deep tillage also produced significantly higher grain yield (5.4 
t/ha). Maximum water use efficiency was noted in deep tillage and zone disc 
tiller (0.026% each). Mulch had significant effect on 1000-grain weight and 
non-significant on number of fertile tillers, plant height, grains per spike, 
biological and grain yields and water use efficiency (Table 1). Tillage × mulch 
interaction significantly influenced 1000-grain weight and water use efficiency 
while non-significant effect was noted on number of fertile tillers, plant height, 
number of grains per spike, biological and grain yields.

Significantly higher fertile tillers were noted in deep tillage as compared to 
other tillage systems. Deep tillage made fine and deep seedbed, which 
enhanced the rooting depth and water storage that was helpful for crop 
germination and establishment as argued by Ozpinar and Cay (21). Tillage 
system had non-significant effect on plant height and 1000-grain weight that 
may be due to favorable climatic conditions (Fig.) that restrained the 
treatment effects and plants grew vigorously. These results support the 
findings of Hemmat and Eskandari (15) who observed that favorable climate 
conditions reduced the tillage systems effects on plant height and 1000-grain 
weight. Deep tillage produced higher number of grains per spike. The higher 
growth of yield contributor factors ultimately enhanced yield but under 
favorable climatic conditions these factors were not affected by tillage (8). 
Different tillage systems showed arguable results on cereal production, which 
depends on the climatic and soil conditions (3). Sip et al. (28) also noted 
higher biological and grain yields in deep tillage. Higher grain yield in deep 
tillage may have been due to finer, loose and deep soil structure, which 
positively influenced the seedling emergence to endorse higher crop yields 
(24). In contrast, shallow tillage practice appeared as a profitable approach 
for conserving moisture, near the root zone of crop for its efficient utilization 
to obtain higher seed yield (16).

Yan-Jun et al. (33) observed that mulches improved soil water content and 
thermal conditions and significantly influenced the wheat yield parameters. 
However, in present study, mulch had non-significant effect on yield 
parameters like number of fertile tillers, plant height, number of grains per 
spike, biological yield, grain yield and water use efficiency, which may be 
attributed to timely onset of rainfall and favorable climatic conditions. The 
present results are also supported by Rahman et al. (23) who reported that 
mulch materials had non-significant effect on 1000-grain weight and water 
use efficiency due to favorable climatic conditions that inhibited the 
treatments effect.
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Economic analysis 

The economic analysis of the data revealed that deep tillage combined with 
rice straw gave maximum gross income of Rs. 186439 per hectare (Table 2).

Table 2. Effect of tillage systems and mulches on net return and benefit cost ratio of 
irrigated wheat (2010-2011).

Tillage 
treatment

Mulch 
treat-
ments

Gross income 
(Rs/ha)

Variable 
cost 

(Rs/ha)

Total cost 
(Rs/ha)

Net return 
(Rs/ha)

Benefit
cost ratio

Happy seeder

M0 123993 16653 106710 17283 1.16
MWheat 124028 36700 126757 -2729 0.98
MRice 132321 20700 110757 21564 1.19
MPlastic 122276 67746 157803 -35527 0.77

Zone disc tiller 

M0 141637 17060 107117 34520 1.32
MWheat 132726 36653 126710 6016 1.05
MRice 132061 20200 110257 21804 1.20
MPlastic 151888 69967 160024 -8137 0.95

Conventional 
tillage

M0 134722 23514 113571 21151 1.19
MWheat 156428 44467 134524 21903 1.16
MRice 153750 29828 119885 33865 1.28
MPlastic 163681 78235 168292 -4612 0.97

Deep tillage
M0 179159 28689 118746 60413 1.51
MWheat 173611 49642 139699 33912 1.24
MRice 186439 33189 123246 63193 1.51
MPlastic 166447 80235 170292 -3845 0.98

Wheat grain price (2010-11) = Rs. 950/40 kg. Rs. 23.75/kg. Wheat straw price = Rs. 200/40 kg. Threshing 
charges = 5.5 kg/40 kg. Conventional tillage charges = Rs. 9000/ha. Deep tillage charges = Rs. 11500/ha.
Zone disc tiller charges = Rs. 3000/ha. Happy seeder charges = Rs. 3500/ha. Wheat straw and application 
charges = Rs. 20500. Rice straw and application charges = Rs. 4500. Plastic sheet and application charges 
= Rs. 52000. Total fixed cost (2010-11) = Rs. 90057.

The highest gross income at this level may be attributed to the highest yield. 
This interaction also gave maximum net return (Rs. 63193/ha). It was followed 
by deep tillage with no mulch (Rs. 60413) against minimum net return of Rs. -
8137 in zone disc tiller with plastic sheet mulch. 

The highest BCR (1.51) was also obtained in deep tillage with rice straw 
mulch, which was similar to deep tillage with no mulch (Table 2). Minimum 
BCR (0.77) was calculated for happy seeder drill with plastic sheet mulch that 
was due to higher initial cost of both happy seeder drill and plastic sheet.

CONCLUSION

Deep tillage performed better and gave higher yield and yield attributes than 
other tillage systems while mulch effects were not dominated. Similarly, 
maximum gross income (Rs. 186439/ha), net return (Rs. 63193/ha) and BCR  
(1.51) were recorded in wheat sown under deep tillage alongwith rice straw 
mulch which was similar to deep tillage with no mulch.
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