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ABSTRACT

A field experiment was conducted to investigate the impact of mulching on water productivity, soil
properties and maize yield (Zea mays L.) in bed and flat sowing methods at Research Area of
Institute of Soil and Environmental Sciences, University of Agriculture, Faisalabad. Wheat straw
mulch was applied @ 8 t ha™'. Randomized complete block design with split plot arrangement was
used. Four treatments with four replicates were used. A measured amount of irrigation was ensured
using cut throat flume as and when required. The bed sowing with mulch interaction enhanced
water productivity from 34 to 115% compared with other combinations. This interaction also
improved soil chemical and physical fertility by increasing total nitrogen from 24 to 62% and
decreasing bulk density from 4.4 to 11.0%, respectively compared with other interactions. The soil
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water productivity and crops yield.

structure of beds was improved by 6.0% lower bulk density, 15.1% higher infiltration rate and 35%
higher soil organic carbon as compared with flat sowing. In this short term study, the improved soil
structure of beds with wheat straw mulch resulted in enhanced grain yield and water productivity in
comparison to flat sowing with wheat straw mulch. Long term studies may be required to detect
further mineralization effects of wheat straw on soil physical and chemical properties in relation to

Keywords: Mulching; bed sowing; water productivity; soil properties; maize growth and yield.

1. INTRODUCTION

Maize is the third most important cereal crop in
the world after wheat and rice. However, its
productivity is higher than wheat and rice.
Globally, its average production in 2003 was 4.47
t ha as compared to 2.67 and 3.84 t ha™ for
wheat and rice, respectively [1]. It is cultivated
throughout the world and is important for
countries like Pakistan because of increasing
population and limited available food supplies. It
is gaining a more important position in the
cropping system due to higher yield potential,
short growing period, high value for food, forage
and feed for livestock, poultry and cheaper
source of raw material for agro-based industry.
Water scarcity is the biggest problem faced by
the world generally and Pakistan specifically [2].
There is an uncertainty about water supply for
future generations [3]. By the year 2050, the
global shortage of 640 billion cubic meters water
is forecasted annually. This issue is gaining
importance in scientific and political agendas
because the irrigation sector is the largest
consumptive user of water. It accounts for 71%
of the freshwater use across the world [4].
Therefore, it is necessary for irrigation
management practices to shift from emphasizing
production per unit area towards maximizing the
production per unit of water consumed [5].

Mulching is a desirable management practice to
combat the problem of water scarcity. It regulates
farm environment and enhances crop production
by affecting soil temperature, leaching,
evapotranspiration, soil organic carbon content
and nutrient loss due to run off [6,7]. It also
increases yield by improving soil physical
conditions [8,7]. Wheat straw mulch reduced
evaporation by 50% under winter wheat, and
saved about 80 mm of water during a wheat
growth season [9]. Under arid and semi-arid
environment in Pakistan, there is a need to
evaluate different types of mulches with high soil
water storage that could provide more water for
crop production. In addition to mulching, planting
patterns also influence growth and yield of maize

and saves considerable quantity of water and
improves the fertilizer use efficiency [10].
Similarly, the beds due to improved soil physical
condition enhanced the 10% grain vyield
compared with flat sowing [11]. There was also
noted water saving of 26 to 42% in beds as
compared to flat sowing using various crops [12].
Under the prevailing conditions, there is need to
search out such strategies that could improve
water productivity, soil health and vyield. In this
context, this study was planned with the objective
to evaluate wheat straw mulching effects on
water productivity, maize yield and soil properties
in bed and flat sowing methods.

2. MATERIALS AND METHODS

This Study was conducted at the Research Area
of Institute of Soil and Environmental Sciences,
University of Agriculture, Faisalabad. Before
sowing, composite soil samples were taken at
random from the experimental field. The soil
samples were air-dried, ground, well mixed and
passed through a 2 mm sieve and analyzed for
basic soil characteristics and mulching material
(wheat straw) was also analyzed for nitrogen,
phosphorous, potassium and organic carbon
before applying onto the experimental plots
(Table 1).

Field was prepared using rotavator, and after
applying fertilizer, beds were prepared with the
help of a bed planter. Other specifications like
climate, experimental design, etc of the
experiment are listed in Table 2.

The following four (4) treatment combinations
were tested to meet the objective of the study:

1. Wheat straw @ 0 t ha” x bed sowing (M, x

B).

2. Wheat straw @ 8t ha” x bed sowing (Myst
X B),

3. Wheatstraw @O0t ha” x flat sowing (Mg *
F)

4. Wheat straw @ 8 t ha™ x flat sowing (Mys
x F).
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Table 1. Basic soil analysis and wheat straw characterization

Basic N P K ocC pH EC, Sand Silt Clay T.Class
analysis

Units gkg' mgkg’ % - dsSm’ % -

Soil 0.33 9.1 1146 042 7.3 149 40 38.5 215 Loam
Wheat g kg’ - - - - - - -

Straw 7.2 3.7 332 41.3 - - - - - -

OC = organic carbon, ECe = Electrical conductivity of soil extract

Table 2. Experiment specifications

Specifications
Crop
Statistical design

Maize

Randomized complete
Block split plot
Sowing methods
Mulching material, i.e.
wheat straw @ 8 t ha™
55

Pioneer-3062
Chokka (Two seeds per

Main plot
Sub plot

Plot size (mz)
Maize Hybrid
Sowing method

hole)
Row to row 45
distance (cm)
Plant to plant 20
distance (cm) ;
Seedrate (kgha ) 25
NPK (kg ha_1) 300-150-125
Climate Semi-arid

The doses of 300 kg N, 150 kg P,Os and 125 kg
K,0O as urea, triple super phosphate and murate
of potash, respectively were used for growing of
maize. The nitrogen dose was applied in three
splits; one at the time of sowing, one at knee
height and one at tasseling stage. The one only
dose of P,0O5 and K,O was applied at the time of
sowing. The Standard analytical methods of soil
and plant analysis described by [13] for nitrogen,
phosphorous and potassium were followed. Soil
texture was determined by Bouyoucos
hydrometer method [14]. Soil organic carbon was
determined following the method described by
[15]. Soil bulk density from 0-10 cm depth was
determined by following the method of [16].
Infiltration rate was measured with double ring
infiltrometer [17]. Eight irrigations were applied
up to maturity of the crop. First irrigation was
applied 15 days after sowing while subsequent
were given as per requirement. Measured
amount of irrigation water to each plot was
applied by using a cut throat flume. Flood and
furrow irrigation methods were used in flat and
bed sowing respectively. At  maturity,
agronomical parameters like plant height, 100

grain weight, grain and biological yield were
determined. The water productivity was
calculated by the following formula:

.Gy

wp =
WA

Where WP is the water productivity in kg m?, GY

is the grain yield in kg/ha, TWA is total water

applied in m°.

After harvesting the crop, disturbed and
undisturbed soil samples were also taken from
the root zone depth of 10 cm for nitrogen,
phosphorous, potassium and organic carbon
analysis, and soil bulk density, respectively. In-
situ field infiltration rate was also determined in
each experimental unit. All the soil and plant data
was analyzed statistically using RCBD Split plot
design. The means were compared by LSD
(least significant difference) test at p< 0.05 [18].

3. RESULTS AND DISCUSSION

3.1 Impact of Wheat Straw Mulch and
Sowing Methods on Soil Properties

Wheat straw mulch and sowing methods alone
with interaction had variable effects on soil
properties (Table 3). Simple effect of wheat straw
mulch showed no significance on bulk density
(pp) statistically but on infiltration rate (IR), the
effect was significant. It depicted decrease in py
by 2.9% and increase in IR by 20% compared
with no mulch. Bed sowing showed significant
improvement in decreasing p, and increasing IR
by 7.7 and 14.6%, respectively compared with
flat sowing. Wheat straw mulch and sowing
methods also showed significant effect on soil py,
and IR with interaction. The M, * B interaction
proved best in reducing py, from 4.4 to 11.0% and
rising IR from 156 to 36.8%, respectively
compared with all other interactions. While the
soil nitrogen, potassium and organic carbon
concentrations were also significantly influenced
by mulching materials and sowing methods with



interaction, however the phosphorous
concentration remained at par in all interactions.
Mulching and bed sowing alone enhanced the
concentrations of total nitrogen (32 and 25%),
available phosphorous (19 and 14%), extractable
potassium (13 and 4%) and soil organic carbon
(18 and 35%) compared with no mulch and flat
sowing method, respectively. The M,s % B
interaction improved the soil chemical fertility by
rising soil organic carbon contents from 17 to
59%, total nitrogen from 24 to 62%, available
phosphorous from 6 to 23%, and extractable
potassium from 3 to 17% compared with other
interactions (M, x F, My X F and M, x B).

3.2Impact of Wheat Straw Mulch and
Sowing Methods on Maize Growth,
Yield and Water Productivity

Wheat straw mulch and sowing methods also
showed variable effects on maize growth, yield
and water productivity in alone and with
interaction (Table 4). Plant growth is generally
measured in terms of plant height. Simple and
integrated effects of mulching and sowing
methods were significant on plant height.
Mulching increased the plant height by 7.7%
compared to no mulch. However, bed sowing
increased 5% plant height from 191 cm in flat
sowing method to 201 cm in case of bed sowing
method. The M, s * B combination produced
maximum plant height (208 cm) and the M, x F
interaction yielded least plant height (184.0 cm).
This combination (M,,st * B) increased the plant
height from almost 5 to 13 % compared with all
other interactions. The range of 100 grain weight
(100 GW) was from 31.0 to 35.1 g under different
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combinations. The M,,s; x B interaction enhanced
the 100 GW from 5 to 13 % compared with all
other combinations. Wheat straw mulch and bed
sowing also enhanced 100 GW alone by 7.0 and
6.3%, respectively compared with no mulch and
flat sowing, respectively. Alone effect of mulching
on grain and biological yield was at par, however
in interaction with bed sowing depicted
pronounced effects in comparison with no mulch
+ flat sowing interaction. The M,,s; * B interaction
showed maximum grain (10.89 t ha™) and
biological yield (26.49 t ha'1) and enhanced grain
yield from 15 to 22% and biological yield from 5
to 12% compared with other interactions (M, x F,
Must X F and M, x B). Bed sowing also showed
3.1% higher biological yield than flat sowing.
Mulching and sowing methods had significant
effect on water productivity alone and in
interaction. Averaged across mulching, bed and
flat sowing produced 2.03 and 1.17 kg grains per
meter cube, respectively. Mulching increased
water productivity by 27% compared with no
mulch alone and in interaction with bed sowing, it
enhanced water productivity from 34 to 115%
compared with M, x F, My x F and M, x B
interactions.

4. DISCUSSION

Significant increase in IR with an associated
decrease in p, is most probably due to the
beneficial effects of organic matter (wheat straw
applied @ 8 t ha). The organic matter due to its
lower bulk density and ability to increase
aggregation resulted in better IR and lower p,
[19,20]. The changes in p, reflected changes in
IR because of close relations between p, and IR

Table 3. Soil properties

Treatments SOCg kg'1 Ng kg'1 P mg kg'1 K mg kg'1 BD Mg m® IRmm hr"
M, 4.0b 0.31b 9.6 112.0b 1.40 40b
Must 4.7a 0.41a 11.4 126.6a 1.36 48a
LSD 0.40 0.03 NS 2.96 NS 24
B 5.0a 0.40a 10.6 121.4 1.31b 47a
F 3.7b 0.32b 9.3 117.2 1.42a 41b
LSD 0.56 0.02 NS NS 0.030 3.8
M, x B 4.6b 0.36b 9.1 114.5b 1.35¢ 43b
Must X B 5.4a 0.47a 11.2 128.4a 1.29d 52a
M, x F 3.4d 0.29c 8.1 109.5¢ 1.45a 38¢c
Myst X F 4.0c 0.38b 10.6 124.9a 1.40b 45b
LSD 0.47 0.031 NS 2.74 0.032 4.88

M, (No mulch), Myst (wheat straw mulch), B (bed sowing method), F (flat sowing method), SOC (total organic
carbon), N (total nitrogen), P (available phosphorus), K (extractable potassium), BD (bulk density from 0-10 cm
soil depth), IR (infiltration rate)
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Table 4. Maize growth, yield and water productivity

Treatments Plant height 100-GW Grain yield Biolo. Yield WUE TWA
cm g tha” tha” kg m™® (mm)
M, 188.2b 325 9.19 23.80 1.41b 531.1a
Must 202.5a 34.8 10.04 25.87 1.79a 4446 Db
LSD 248 ns ns ns 0.029 50.7
B 200.1a 34.5a 10.18a 26.2a 2.03a 353.3b
F 190.6b 32.8b 9.05b 24.5b 1.17b 622.4 a
LSD 5.89 0.85 0.72 0.94 0.55 124.2
M, x B 192.3c 33.3b 9.46b 23.92c 1.73b 392.0c
Myst % B 207.8a 35.7a 10.89a 26.49a 2.32a 314.6d
M, x F 184.0d 31.7c 8.91b 23.68c 1.08d 670.2 a
Myst X F 197.2b 33.9b 9.19b 25.25b 1.26¢ 5746 b
LSD 2.93 1.44 1.38 0.75 0.084 85.6

M, (No mulch), Must (wheat straw mulch), B (bed sowing method), F (flat sowing method), 100-GW (100 grain
weight), Biolo. Yield (biological yield), WUE (water use efficiency), TWA (total water applied)

[21,22]. The higher concentrations of N, P and K
were due to organic matter addition from wheat
straw which is a major source of nutrients in soil
[23]. Bed sowing depicted better soil physical
health by decreasing p, and increasing IR and
soil organic carbon compared with flat sowing.
The differences arose presumably because there
was less structural disruption of aggregates and
settlement in the unsaturated condition of the
raised beds compared to the saturated condition
of the basins. Fahong also supported our results
by concluding that bed planting decreased the
soil surface exposed to flooding by 40%, which
eliminated surface soil crusting on the top of the
bed where the crop was planted [11]. In addition,
Hassan noted that the cumulative infiltration was
2.8 times higher in raised beds than in basins
and 10 times higher than in furrows [24]. Almost
35% higher organic carbon contents under raised
beds (12 inches high) compared with flat were
most probably due to carbon addition through the
highly proliferating roots in response to
decreased py, with an associated increase in total
porosity. Hassan also reported the same for
raised beds [24]. Higher available P and
extractable K concentrations in beds were due to
the chemical fertilizers addition as the beds were
made after mixing the fertilizer with soil.

Bed sowing produced significantly taller plants
with greater biomass and grain yields; it was
most probably due to better nutrient availability,
good soil conditions and weed control in beds
[7,25]. Mulching further improved the soil
environment of beds by increasing soil organic
carbon and decreasing bulk density, resultantly
Must ¥ B interaction enhanced the growth and
yield of maize. Our results are in accordance with
the findings of Ahmad who reported improvement

in maize growth and yield and attributed it to
better nutrition of the plants under mulched bed
sowing method [26]. In contrast, significantly
lower 100 GW along with decreased grain and
biological yield in flat sowing with no mulch
combination (M, x F) was most probably due to
poor soil environment resulted from compaction
because of increased bulk density with an
associated decrease in porosity and thereby
affected water and nutrient uptake by the crop
[21]. This explanation was further confirmed by
lowered water productivity compared with other
interactions (M, x F, My *x F and M, x B).
Enhanced water productivity in Myg % B
interaction, is most probably due to less
application of water in furrows among beds which
is a divider in crop water productivity calculations
[24] and less evaporation from the surface of
beds owing to lesser exposure to sun light under
mulch [9]. Hsamar and Saxena also reported
saving of 2 irrigations compared with flat sowing,
resulting increased water productivity under beds
[27].

Mulching and sowing methods had variable
effects on soil properties and maize growth and
yield. Simple effect of mulching showed at par
significance on maize growth and yield attributes,
bulk density and soil available phosphorous.
However interactive effect of wheat straw mulch
and bed sowing on soil properties and maize
production was more pronounced. Along with
this, the main effect of sowing methods on soil
and plant parameters was consistent.

5. CONCLUSION

This short term study suggested wheat straw
mulch and bed sowing combination best in



improving the soil health of beds and maize
productivity. Long term studies may be required
to see further mineralization effects of wheat
straw on soil physico-chemical properties in
relation to water productivity and crops yield.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

10.

FAO. Production Year Book of 2003. No.
57. Food and Agriculture Organization of
the United Nations, Rome, Italy; 2004.
Anonymous. Agricultural  Statistics of
Pakistan. MINFAL. Government of
Pakistan, Islamabad; 2002.

Jury WA, Vaux JH. The role of science in
solving the world's emerging water
problems. Proc. National Acade Sci. (USA)
2005;102:15715-15720.

Spears TD. Irrigation efficiently to feed the
world in 2050. In irrigation Association
Conference Proceedings. Falls Church,
VA, USA. 2003;411-422.

Fereres E, Soriano M. Deficit irrigation for
reducing agricultural water use. J Exp Bot.
2007;58:147-159.

Roldan A, Carabaca F, Elernandez ML,
Garcia C, Sanchez-Brito C, Velasquez M,
Tiscareno M. No-tillage, crop residue
additions and legume cover cropping
effects on soil quality characteristics under
maize in Patzcuaro watershed (Mexico).
Soil Till Res. 2003;72:65-73.

Shah SSH, Khan AH, Ghafoor A, Bakhsh
A. Soil physical characteristics and yield of
wheat and maize as affected by mulching
materials and sowing methods. Soil &
Environ. 2013;32:14-21.

De Silva SHSA, Cook HF. Soil physical
conditions and performance of cowpea
following organic matter amelioration of
sand. Comm Soil Sci Plant Anal. 2003;
34:1039-1058.

Wang H, Zhang L, Dawes WR, Liu C.
Improving water use efficiency of irrigated
crops in the north China plain:
Measurements and modeling. Agric Water
Manage. 2001;48:151-167.

Kahlown MA, Gill MA, Ashraf M.
Evaluation of resource conservation
technologies in rice-wheat systems of
Pakistan. Pakistan Council of Research in

Shah et al.; IJPSS, 8(1): 1-7, 2015; Article no.lJPSS. 18352

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Water Resources, Islamabad, Pakistan;

2002.
Fahong W, Xuging W, Sayre K
Comparison  of  conventional, flood

irrigated, flat planting with furrow irrigated,
raised bed planting for winter wheat in
China. Field Crops Res. 2004;87:35-42.
Connor DJ, Gupta RK, Hobbs PR, Sayre
KD. Bed planting in rice-wheat system. In:
Addressing resource conservation issues
in rice-wheat system of south Asia: A
resource book. Rice-wheat consortium for
the Indo-Gangetic Plains. Int. maize and
wheat improvement center, New Delhi,
India. 2003;103-108.

US Salinity Laboratory Staff. Diagnosis
and improvement of saline and alkali soils.
USDA Hand Book No. 60. Washington,
DC, USA; 1954.

Moodie RE, Smith RW, MacGreery RA.
Laboratory manual of soil fertility. State
College Washington Mimeograph,
Pullman, WA, USA. 1959;175.

Ryan J, Estefan G, Rashid A. Soil and
plant analysis laboratory manual. 2" Ed.
Int. Center for Agric. Res. in Dry Areas
(ICARDA). Alleppo, Syria. 2001;46-48.
Blake GR, Hartge KH. Bulk density. In:
Klute A, editor. Methods of soil analysis,
Part 1. Physical and mineralogical
methods. Agronomy Monograph No. 9,
2nd Ed., Madison, WI, USA. 1986;363-
375.

Klute A. Method of soil analysis, Part 1.
Physical and mineralogical methods.
Agronomy Monograph No. 9. 2" Ed.
Madison, WI, USA; 1986.

Steel RGD, Torrie JH, Dicky DA. Principles
and Procedures of Statistics-A Biometrical

Approach 3© Ed. McGraw Hill Book
International Co, Singapore. 1997;204-
227.

Shirani H, Hajabbasi MA, Afyuni M,

Hemmat A. Effects of farmyard manure
and tillage systems on soil physical
properties and corn yield in central Iran.
Soil Till Res. 2002;68:101-108.

Min DH, Islam KR, Vough LR, Weil RR.
Dairy manure effects on soil quality
properties and carbon sequestration in
alfalfa orchard grass systems. Comm Soil
Sci Plant Anal. 2003;34:781-799.

Logsdon SD, Allmaras RR, Wu L, Swan
LB, Randall GW. Macro-porosity and its
relation to saturated hydraulic conductivity
under different tillage practices. Soil Sci
Soc Am J. 1990;54:1096—1101.



22.

23.

24.

Pikul Jr, Aase JK. Infiltration and soil
properties as affected by annual cropping
in the North Great Plains. Agron J. 1995;
87:656—-662.

Stevenson FJ. Cycles of soil carbon,
nitrogen, phosphorus, sulfur and
micronutrients. John Wiley and Sons, New
York, USA; 1986.

Hassan |, Hussain Z, Akber G. Effect of
permanent raised beds on water
productivity for irrigated maize—wheat
cropping system. Workshop on “Evaluation
and performance of permanent raised bed
cropping systems in Asia, Australia and
Mexico”. Grifth, NSW, Australia; 2005.

Shah et al.; IJPSS, 8(1): 1-7, 2015; Article no.lJPSS. 18352

25.

26.

27.

Abdullah Hassan G, Khan IA, Khan SA, Ali
H. Impact of planting methods and
herbicides on weed biomass and some
agronomic traits of maize. Pak J Weed Sci
Res. 2008;14:121-130.

Ahmad R, Mahmood A, lkraam M, Hassan
B. Influence of different irrigation methods
and band placement of nitrogen on maize
productivity. Int J Agric Biol. 2002;4:540-
543.

Hsamar RK, Saxena VK. Influence of
sowing methods on productivity of maize
(Zea mays). Indian J Agric Sci. 2002;72:
651-653.

© 2015 Shah et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/10005




