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A pot experiment was conducted to evaluate the effect of mulch and irrigation level on biomass and water use
efficiency of forage maize using clay and loam soils during Autumn 2002. Two mulch levels, i.e. 0 (control) and 6.7
Mg ha were used. Three irrigation levels viz. 100 %, 80 % and 60 % of total crop water requirement (CWR) was
determined at 30 mm deficit. Maize plants were harvested twelve weeks after sowing, data regarding shoot fresh
weight and leaf area index were recorded. Water use efficiency was calculated. Results revealed that wheat straw
mulch significantly affected the growth of maize as it decreased in fresh weight of shoot, increased in leaf area
index and water use efficiency, while soil texture affected significantly the leaf area index mostly in clayey soil.
More growth of maize fodder was noticed in clayey soil than that in loamy soil. Maximum plant growth was noted in
the case of 10 (100 % CWR) followed by 12 (60% CWR) and I, (80% CWR) in most of the cases for all the growth
parameters studied. Interactions between mulch and soil texture was found statistically significant as increase in
parameters like leaf area index, water use efficiency and decreased in biomass were observed.
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INTRODUCTION

Water is a major growth factor, which provides turgidity
to the cells and tissues. It also helps to control soil and
plant temperature. Agricultural crops production in
Pakistan is facing serious water shortage. About 10.24
million-hectare meters of water is diverted into canals,
which is not enough to fulfill the 15.54 million-hectare
meters requirements (Anonymous, 2002). To meet this
shortage ground water is being used but its quality is
not generally good. Moreover, pumping cost has
increased due to increase in water rates, oil and
electricity. At the same time there is decline in water
level of the aquifer used for irrigation.
Among the management practices for increasing water
use efficiency (WUE) one of them is mulching. Any
material spread on the surface of soil to protect it from
raindrops, solar radiation or evaporation is called
mulch. Straw is commonly used as mulch. Straw
mulching has potential for increasing soil water storage
(Shanging and Unger, 2001). Mulch increased WUE by
14 % as compared with bare soil treatment (Tolk et aI.,
1999). It moderates soil temperature and increases
water infiltration during intensive rain (Gajri et aI.,
1994). The yield increases are generally credited to
increase in water content in the soil due to reduced
evaporation. Mulch increased grain yield by 17 % and
above ground biomass by 19% (Tolk et aI., 1999).
Texture also directly affects water-holding capacity of a
soil. Irrigated silty soil increased 29-74 % higher soil
water around seed when mulch was applied (Tisdall
and Adam, 1986). Therefore, the effect of mulch on
improvement of plant available water in different
textured soil is modified. Mulch can decrease soil

temperature and retain better root growth in corn in
case of coarse textured soil and grain yield was more
in loamy sand than sandy loam soil (Gajri et aI., 1994).
In environments with more evaporation than
precipitation (i.e. under arid and semi-arid conditions),
improved WUE is essential. Water use efficiency is the
yield of dry matter as a function of the total water used
to produce a crop. Yield and WUE can be increased by
improving soil and water management practices,
improving crop management and growing high yield,
stress-tolerant and widely adapted cultivars. The
interactive effects of irrigation level, mulch and soil
characteristics need to be better understood to achieve
these goals.
Keeping these aspects in mind, a pot study under wire
house conditions was carried out during the year 2002
to study the e~ect of mulch and irrigation level on
fodder yield and water use efficiency of maize in
different textured soils.

MATERIALS AND METHODS

For this study, two soils of different textures, i.e. clay
and loam having sand (27.9%), silt (31.2), clay (40.9%)
and sand (45.8%), silt (28.2%), clay (25.9), respectively
were collected from the surface (0-15 cm) layer of
cultivated fields of the University and Nandipur near
Daska. Soil samples were air-dried, ground, passed
through a 2 mm sieve and were filled @ 10 kg pot" in
earthen pots having thin plastic sheet placed inside. A
basal recommended dose of fertilizers [150 mg N, 100
mg P20S and 50 mg K20 per kg of soil as urea, single
superphosphate and muriate of potash, respectively]
was applied in solution form at the time of sowing
except N fertilizer, which was applied in two split doses.
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RESULTS AND DISCUSSION
Shoot growth
Wheat straw mulch had a non-significant effect on
fresh weight of maize fodder (Table 1). In case of fresh
shoot weight both the mulch levels had same mean
value, i.e. 153.8 g pot" and 153.5 g pot". These results
are not in agreement with those of Khera et al. (1976)
who observed that mulching could increase the dry
forage yield by 26%. Results obtained are also not in
line with Tolke et al. (1999) who reported that mulch
increased grain yield by 17 % and above ground
biomass by 19% and water use efficiency by 14% as
compared with bare soil treatment. In case of fresh
shoot yield, higher mean values were obtained in case
of mulched treatments, i.e. 163.2 qpot' and 143.8 ~
pot" for T2 and T1 compared to 154.2 and 153.3 g pot
in non-mulched soil at T1 and T2, respectively.

Soil Analysis Combined effects of wheat straw mulch with irrigation
Soil texture was determined with Bouyoucos stirrer level and soil texture with irrigation level were
method (Moodie et aI., 1959). To get soil water content, statistically significant.
50 mL of soil sample was taken in a petridish, put in an Water use efficiency (WUE)
oven at 105°C for 24 hours until constant weight was
achieved and weighted after cooling. Soil textural class More WUE (18.89 kg/ha/mm) was observed in
was determined by using International System of mulched soil than that from the non-mulched soil
Textural Triangle. Statistical analysis was carried out (17.38 kg/ha/mm) but the differences were statistically
following ANOVA technique and DMR test (Steel and similar (Table 2). These results are contradictory to
Torrie, 1980). those of Shangning and Unger (2001) who reported

Table 1. Effect of mulch, soil texture and irrigation level on fresh weight (g pot") of shoot at harvesting

Mulch (wheat straw) levels selected for the experiment
were 0 (control) and 6.7 Mg ha' and were applied at
the time of sowing. Crop water requirement was
determined by modified Penman Model (Doorenbos
and Pruitt, 1977). Then three irrigation levels viz. 100 %
(10), 80 % (Id and 60 % (12) of total crop water
requirement (CWR) were selected at 30 mm deficit so
there were 12 treatments combinations, each
replicated six times. Hybrid maize variety R-2205 was
sown and seedlings were thinned to four per pot. Plants
were harvested twelve weeks after sowing and growth
parameters such as shoot fresh weight and leaf area
index were recorded. Water use efficiency was also
calculated. Water use efficiency (WUE) was calculated
by the relationship:

Biological yield in kg ha'
WUE=

Total water applied in mm

Irrigation level
Non-mulched (Mo) Mulched (M1)

Mean
T1 T2 T1 T2

10 171.0 201.6 128.1 171.5 168.0 a

11 146.8 116.9 152.8 148.5 141.2 b

12 145.0 141.5 150.5 169.6 151.6 ab

Mean 154.2 153.3 143.8 163.2

Mean 153.8 153.5

Interactive effect of mulch and irrigation level on fresh weight (g pot") of shoot

Irrigation level Non-mulched (Mo) Mulched (M1)

: 10 186.3 a 149.8 bc

11 131.9c 150.6 bc

12 143.2 bc 160.0 b

Interactive effect of soil texture and irrigation level on fresh weight (g pot") of shoot

Irrigation level Loam (T1) Clay (T2)

10 149.5 b 186.5 a

11 149.8 b 132.7 b

12 147.7 b 155.5 b

Mean sharing same letter(s) are statistically non-significant at 5% probability
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that straw mulching has potential for increasing soil
water storage. Data revealed that soil texture has a
statistically no effect on water use efficiency. Slightly
higher mean value for T1 (loam) and T2 (clay) were
found in mulched soil with 18.83 and 18.95 kg/ha/mm
as compared to 18.04 and 16.72 kg/ha/mm in non-
mulched soil in case of T1 and T2. These results are not
in agreement with those of Tisdall and Adam (1986)
who reported that an irrigated silty soil increased 29-
74% higher soil water around seed when mulch was
applied.

As regard irrigation level, water use efficiency
significantly reduced with reference to CWR. The
highest mean value was noted in 10 (100 % CWR), i.e.

The highest mean value was observed in 11 (80%
CWR) with 1.46, followed by 0.89 in 12 (100% CWR)
and 0.74 in 10 (60% CWR). Other interactions like
mulch with irrigation, soil texture with irrigation and their
combined effects were statistically significant for this
parameter.

CONCLUSION

Wheat straw mulch significantly affected the growth of
maize as it increased leaf area index and water use
efficiency and decreased the biomass. Soil texture
affected significantly the leaf area index mostly in
clayey soil. More growth of maize fodder was noticed in

Table 2. Effect of mulch, soil texture and irrigation level on water use efficiency (kg/ha/mm)

Irrigation level Non-mulched (Mo) Mulched (M1)
MeanT1 T2 T1 T2

10 21.19 24.35 18.55 21.19 21.32 a
11 16.24 11.00 18.25 15.60 15.27 c
12 16.70 14.82 19.68 20.05 17.81 b

Mean 18.04 16.72 18.83 18.95
Mean 17.38 18.89

Interactive effect of mulch and irrigation level on water use efficiency
Irrigation level Non-mulched (Mo) Mulched (M1)

10 22.77 a 19.87 b
11 13.62 d 16.93 c
12 15.76 cd 19.87 b

Interactive effect of soil texture and irrigation level on water use efficiency
Irrigation level Loam (T1) Clay (T2)

10 19.87 b 22.77 c
11 17.24 b 13.30 c
12 18.19 b 17.43 b

Mean sharing same letter(s) are statitically non-significant at 5% probability

21.32 kg/ha/mm. These results are in corroboration
with those of Unger and Jones (1981) who concluded
that in high and medium water levels plant grew taller,
yielded more and used water more efficiently compared
with the low water level at planting in sorghum.
Leaf area index (LAI)
Maximum LAI at maturity (1.08) was noticed in
mulched soil, which differed significantly from those of
non-mulched soil (Table 3). Data pertaining to soil
texture shows that soil texture had a statistically
significant effect on LAI measured at maturity. Higher
mean values were obtained in clay soil, which was 1.35
in case of mulched soil, and 1.12 with regard to non-
mulched soil. Interaction between mulch and texture
was statistically significant. As regard LAI, water levels
differed significantly with each other for this parameter.

clayey soil than that in loamy soil. Maximum plant
growth was noted in the case of 10 (100% CWR)
followed by 12 (60% CWR) and 11 (80% CWR) in most
of the cases for all the growth parameters. Interactions
between mulch and soil texture and between wheat
straw mulch and irrigation level was significant for leaf
area index. Modified Penman Model was valid only up
to one week after the establishment of the crop. As the
crop grew further, its transpiration rate was very high
and the soil water deficit increased beyond the 30 mm
deficit selected for this study. So the Modified Penman
Model under wire-house conditions badly failed. Thus
the original irrigation levels were maintained for rest of
the growth period.
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Table 3. Effect of mulch, soil texture and irrigation level on leaf area index at harvesting

Irrigation level
Non-mulched (Me) Mulched (M1) Mean

T1 T2 T1 T2

10 0.46j 0.60 j 1.67 b 0.86 h 0.89 b

11 1.21 f 1.29 e 1.96 a 0.41d 1.46 a

12 0.92 g 1.48 c 0.42 k 0.17 I 0.74 c

Mean 0.86 c 1.12 b 1.35 a 0.81 d

Mean 0.99 1.08

Interactive effect of mulch and irrigation level on leaf area index

Irrigation level Non-mulched (Me) Mulched (M1)

10 0.53 e 1.26 b

11 1.25 c 1.68 a

12 1.20 d 0.29 f

Interactive effect of soil texture and irrigation level on leaf area index

Irrigation level Loam (T1) Clay (T2)

10 1.06 c 0.73 e

11 1.58 a 1.35 b

12 0.67 f 0.82 d

Mean sharing same letter(s) are statistically non-significant at 5% probability

LITERATURE CITED

Anonymous. 2002. Pakistan Statistical Year Book.
Federal Bureau ·of Statistics, Statistic Division,
Govt. of Pakistan, Islamabad.

Doorenbos, J. and W.O. Pruitt. 1977. FAO irrigation
and drainage paper No. 24. Food and Agriculture
Organizationof the United Nations. Rome, Italy.

Gajri, P.R, V.K. Arora and M.R Chaudhry. 1994.
Maize growth responses to deep tillage, straw
mulching and farm yard manure in coarse textured
soils of N.W. India. Soil Use and Manag. 10(1):15-
20.

Khera, K.L., R Khera, S.S. Prihar, B.S. Sandhu and
K.S. Sandhu. 1976. Mulch, nitrogen and irrigation
effects on growth, yield and nutrient uptake of
forage corn. Agron. J. 68:937-941.

Moodie, C.D., H.W. Smith and P.R McCreery. 1959.
Laboratory Manual of Soil Fertility. State College of
Washington, Mimeograph, Pullman, WA, USA.
p.175.

Steel, RG.D. and J.H. Torrie. 1980. Principles and
procedures of statistics. McGraw Hill Book Co.,
Inc., NY, USA.

Shanging, J. and P.W. Unger. 2001. Soil water
accumulation under different precipitation, potential
evaporation and straw mulch conditions. Soil Sci.
Soc. Am. J. 65:442-448.

Tolk, JA, TA Hawell and S.R Evett. 1999. Effect of
mulch, irrigation and soil type on water use and
yield of maize. Soil Till. Res. 50:137-147.

Tisdall, J.M. and H.H. Adam. 1986. The effect of
reduced tillage of an irrigated silty soil and of a
mulch on seedling emergence, growth and yield of
maize harvested for silage. Soil Till. Res. 6(4):365-
375.

Unger, P.W. and O.R Jones. 1981. Effect of soil water
content and a growing season straw mulch on
grain sorghum. Soil Sci. Soc. Am. J. 45:129-134.

125


	Page 1
	Titles
	EFFECT OF MULCH, IRRIGATION AND SOIL TYPE ON BIOMASS AND 


	Page 2
	Tables
	Table 1
	Table 2
	Table 3


	Page 3
	Tables
	Table 1
	Table 2
	Table 3


	Page 4
	Tables
	Table 1
	Table 2
	Table 3



