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Abstract

Water saving rice cultivation is indispensable in the wake of severe water shortage. Application of mulches can increase the
water retention in water-saving rice; however, the effect of mulches on the growth and quality of rice are desired to be
investigated. Hence, two years studies were conducted to evaluate the effect of plastic and straw mulch on crop growth, grain
quality and recovery of fine rice. Water saving rice was grown under aerobic (AR) and alternate wetting and drying (AWD)
conditions with application of plastic and straw mulch (5 t ha™). Plots without mulch were maintained in both the water saving
systems for comparison. Mulches significantly improved the growth of rice crop in terms of leaf area index, crop growth rate,
leaf area duration and dry matter accumulation of rice compared with the no mulch. Similarly, the rice grain quality was also
significantly improved by the mulch application. Mulch application increased the brown and white rice length, brown and
white rice recovery percentage. The plastic mulch was more effective than straw mulch in improving the growth and grain
quality of rice under AWD and AR. AWD was more effective in improving the rice grain quality compared with the AR. In
crux, either of the plastic or straw mulch can be applied in fine grain basmati rice fields in order to improve the crop growth
and grain quality. The effectiveness of plastic mulch surpasses the efficiency of straw mulch. © 2015 Friends Science

Publishers
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Introduction

Rice is not only an important source of nutrition for humans
but it also provides feed for livestock and raw materials for
many industries. Husk from rice grain can be used as source
of energy, manure, insulating material and pet food (Mahro
and Timm, 2007). Oil can be extracted from the rice bran
and used to treat a number of diseases (Prakash and
Ramaswamy, 1996). Further, the straw of rice is either fed
to the animals or returned back to soil as manure. Basmati
varieties are fetching highest prices in the world market
owing to their longer grain, excellent cooking quality and
special aroma.

Conventionally, the rice crop is grown under flooded
conditions. However, owing to severe water shortage
causing drought conditions in several parts of the world, rice
is now being cultivated under water saving cultivation
systems (Unger et al., 2010; Jabran et al., 2012a). Energy
and water are significantly saved under the water saving rice
cultivation systems. Aerobic rice cultivation system (AR)
and alternate wetting and drying (AWD) are the most
important water saving rice cultivation methods which are
under development throughout the world’s important rice
growing areas (Jabran et al., 2012b; Nie et al., 2012; Ye et
al., 2013). Importantly, these rice cultivation systems lack a

standing layer of water compared with the conventional
method (Nie et al., 2012). Although water inputs are lower
for AR and AWD, however, higher evaporative moisture
losses in these systems may adversely affect the rice crop
growth and produce’s quality (Zhang et al., 2008; Pandey et
al., 2014). This situation is further worsened under the
warmest summer prevalent in many of the rice growing
areas of the world. The moisture losses in the form of
evaporation are compensated through abundant water input
if the rice is put under inundated conditions. Nevertheless, it
is indispensable to maintain reasonable moisture contents
even though the layer of water is absent in case of non-
flooded water saving rice cultivation systems such as AWD
and AR (Tuong et al., 2005). Mulch can be applied over soil
surface for improved moisture retention and availability.
Mulching is a technique whereby the surface of soil is
covered using plant residues, textile or plastic sheet in order
to check the evaporative moisture losses from the soil
surface (Jordan et al., 2014; Tanveer et al., 2014; Zribi et
al., 2015). Subsequently, the water retention in soil is
enhanced with the several additional benefits such as
decreased soil erosion and improved weed control. Mulch
application can impact the quality of produce. For example,
application of wheat straw mulch and plastic film mulch
helped to improve the fruit quality of hot pepper (Capsicum
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annuum L.) along with improvement in yield, physiology,
soil moisture contents and soil properties (Liang et al.,
2011). Mulch application in crop production carries several
gains other than moisture conservation and quality
melioration. Modified soil temperature, improved soil
micro-environment, weed and other pest suppression, and
augmented soil organic matter can be enlisted as the salient
benefits of mulch application (Farooq et al., 2011; Li et al.,
2013; Tian et al., 2013). For example, a study from China
indicated that plastic and straw mulch application in rice
crop helped to increase the soil organic carbon, nitrogen
contents and soil aggregation (Fan et al., 2012). In another
study, rice fields applied with plastic and straw mulch were
found to have lower spikelet sterility, higher productive
tillers and grain yield than the rice fields without mulch
application (Jabran et al., 2015). Recently, Zribi et al.
(2015) reported that plastic film, vine residue and pine bark
were helpful in reducing evaporative moisture losses from
soil surface.

The role of mulches for enhanced water retention and
improving water productivity is well established. Various
types of mulches have been under investigation worldwide
for the purposes of enhancing the soil moisture retention and
improving the crop output. However, the effect of mulch
application on the growth and quality of fine grain basmati
rice has not been reported to the best of our information.
Hence, the studies were conducted with the objectives of
investigating the effects of plastic and straw mulch on the
growth, grain length and grain milling quality of fine grain
basmati rice under the water saving cultivation systems such
as AWD and AR.

Materials and Methods

Experimental Site and Soil

The experiment was sown at the Agronomic Research Area,
(73.44° East longitude, 31.5° North latitude) University of
Agriculture Faisalabad, Pakistan in 2008 and repeated in
2009. The experimental area is semi-arid subtropical and
135 m high above the sea level. The soil of the experimental
area was sandy clay loam and uniform. The weather and soil
data are presented in Table 1 and 2, respectively. The
analytical work was carried out at Khawaja Foods, G.T.
Road Gujranwala, Pakistan and Agro-Biology lab, of
Department of Agronomy, University of Agriculture
Faisalabad, Pakistan.

Experimental Material and Layout

Super Basmati is considered best among the fine grain
basmati rice cultivars owing to its high productivity,
uniform maturity and excellent quality. Hence, the seed of
Super Basmati were obtained from Rice Research Institute,
Kalashahkaku Sheikhupura, Pakistan. The experiment was
planted under the randomized complete block design with
split plot arrangement using a plot size of 8.0 m x 2.2 m for
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each experiment unit. The experiment had three replications.
The main plots contained cultivation systems and the sub-
plots had mulches.

Experimental Details

The water saving rice systems in the study were alternate
wetting and drying (AWD) and aerobic rice (AR)
cultivation system. Basmati rice was planted using AWD
and AR with plastic or berseem mulch. Hence, two mulches
(plastic and straw) and a control (no mulch application)
were maintained in the sub-plots. Black polyethylene sheet
was used as plastic mulch, while the berseem (Trifolium
alexandrinum L.) straw (5 t ha™) was used straw mulch. The
30 days old seedlings were transplanted in puddled fields for
AWD and a layer of water (~5 cm) was maintained for the
first two weeks after the transplantation of seedling. Time
and amount of water supply for crop was decided by the
monitoring of soil moisture contents using gravimetric
method. AWD plots were irrigated when soil moisture
contents dropped to ~80% of field capacity, while AR plots
were irrigated when soil moisture contents reached to ~50%
of field capacity (Awan et al., 2014; Jabran et al., 2015).
AWD and AR plots were separated with help of strong
bunds and plastic sheet to avoid the water seepage. Both
AWD and AR were applied with water measured using a
cut-throat flume. Formula QT = AD was used for the water
calculations while Q was the discharge rate of the flume (m®
s, T was time (sec), A was the area (m?) irrigated and D
noted the depth of irrigation (mm).

Crop Husbandry

The rice variety Super Basmati was cultivated on June 26,
2008 and July 02, 2009 for the first and second year of
study. Rice seeds were sown to produce seedlings for AWD
while direct planting method with a hand drill was used to
plant AR on a fine seedbed. Fertilizers were applied as 150
kg nitrogen (urea and di-ammonium phosphate), 75 kg P,Os
(di-ammonium phosphate) and 60 kg K,O (potassium
sulphate). Half nitrogen and whole phosphorus and
potassium were applied at sowing, while remaining nitrogen
was given in two splits i.e., at tillering and panicle initiation
stage of the crop. The emerging weeds in the experimental
area were removed by hand weeding. Uniform agronomic
management was practiced across all the treatments. The
crop was harvested on 2-3 November for the year 2008 and
01-06 November in 2009.

Growth and Development

The rice plants from the respective treatments were
harvested from the ground surface from a unit area (1 m x 1
m), separated into leaves and stems. Leaf area index
(LAI) was calculated as the ratio of leaf area to land area
as proposed by Watson (1947) using a leaf area meter
(DT Area Meter, model MK2) starting from two month
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Table 1: The weather data during experimentation (2008 and 2009)

Parameters June July August September October November
2008 2009 2008 2009 2008 2009 2008 2009 2008 2009 2008 2009
Average temperature (°C) 32.9 338 329 329 309 321 29 30.3 26.7 249 19.7 18.2
Relative humidity (%) 48 336 53 59 65 65.8 59.3 61 57.6 57.9 58.9 64.7
Rainfall (mm) 41.7 9.6 81.6 43.5 204.5 116 28.8 20.6 0 17.5 0 0.7

Table 2: Soil physico-chemical properties of experimental
soil in 2008 and 2009

Soil attribute Unit Values
2008 2009
Soil type Sandy clay loam
pH 7.7 7.8
Electrical conductivity (ECe) dsSm? 0.60 0.67
Exchangeable sodium mmolc 100 g* 0.31 0.32
Organic matter gkg? 9.3 85
Total nitrogen gkg? 06 05
Available phosphorus mg kg™ 79 7.2
Available potash mg kg™ 125 108
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Fig. 1: Effect of mulches on leaf area index and crop
growth rate of fine grain basmati rice + S.E.: Average of
two years’ data

after the sowing and then fortnight interval. Dry matter
(DM) accumulation was determined at fortnight intervals by
selecting 1 m? area randomly from each subplot. Dry weight
per m’ was calculated at 15 days interval and used to

estimate crop growth rate (CGR) i.e., CGR=WtzZ:tV:1'

where, w, = dry weight per unit land area (g m™) at second
sampling, w; = dry weight per unit land area (g m?) at first
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sampling, t, = time corresponding to second sampling, t; =
time corresponding to first sampling. LAD (leaf area
duration) was measured by using the formulae [LAD =
(LAI; + LAI,) x (t, — t;) =+ 2]; where, LAI; and LAI,
are leaf area indices at times t, and t; respectively. Dry
matter produced at the final harvest m? was converted to the
dry matter produced kg ha™ for each of the experimental
unit.

Quality Parameters

Milling quality of paddy carries significant importance
especially in the marketing context. Paddy samples were
obtained from the respective treatments and the quality
parameters were estimated according to the methods
described by Cruz and Khush (2000). The samples obtained
from the paddy field after threshing were thoroughly
cleaned to remove any extraneous objects. The moisture
contents of each sample were recorded before processing
with the help of moisture meter to ensure that each sample is
processed at 12 + 1% moisture content. Sheller purposed for
experimental scale paddy threshing was used to process
the paddy sample into brown rice. The brown rice thus
obtained from paddy was weighed and sieved to record
the percents of brown (head) rice recovery, broken
brown rice and husk. Higher brown (head) rice recovery
and lower broken brown rice and husk indicate the better
milling quality of rice and vice versa. The brown rice was
processed through the shelling machine for polishing the
rice grains. The polished white rice was then sieved to
record the percents of polished white (head) rice recovery,
broken white rice and husk. Higher the polished white
(head) rice recovery, the higher will be the quality of rice
and vice versa. Rice grain length is considered as the second
most important quality parameter after milling quality (Cruz
and Khush, 2000). Twenty five grains of brown and
polished white rice were selected randomly from the
respective samples to record the brown and polished
white rice lengths (mm) and widths (mm) for each
treatment using a Digital Caliper.

Statistical Analysis

The standard errors were calculated for each recorded
parameter for the respective treatments. Microsoft Excel
was used to plot the graphs furnished with standard error
bars. The data for quality parameters was subjected to
Fisher s’ analysis of variance technique while difference
among the treatments was compared by least significant



Mulches, Water Saving Rice Systems and Basmati Grain Recovery / Int. J. Agric. Biol., Vol. 17, No. 5, 2015

difference test at 0.05 probability level. The pooled analysis
of the data over the years indicated that the year x treatment
effect was significant; hence, the data for two years was
analyzed and presented separately. The lettering obtained
after data analysis represents the effect of mulches on
quality of rice under AWD and AR systems.

Results

Rice leaf area index observed an increasing trend until 90
days after sowing (DAS) and then declined (Fig. 1). Leaf
area was significantly influenced by the applied mulches
(Fig. 1). Highest leaf area index was recorded for rice
applied with plastic mulch followed by the straw mulch
throughout the crop growth period (Fig. 1). The control (no
mulch) had the lowest leaf area index through the crop
season. Crop growth rate (g m? d) had an increasing trend
during first 90 days of crop sowing and then observed a
decreasing trend (Fig. 1). The applied mulches significantly
improved the crop growth rate compared with the no mulch
(Fig. 1). The highest crop growth rate was recorded by the
rice applied with plastic mulch followed straw mulch,
while lowest crop growth rate was recorded for the no
mulch (Fig. 1).

Rice leaf area duration was significantly improved by
mulch application during both years of experiment (Fig. 2).
Rice applied with plastic mulch had the highest leaf area
duration followed by the straw mulch and no mulch
treatments respectively, during both the seasons of
experimentation (Fig. 2). Although dry matter accumulation
(kg ha™) was significantly influenced by the mulch
application, however, this effect was different for both the
years of study (Fig. 2). In 2008, rice applied with plastic
mulch attained the highest dry matter accumulation until 90
DAS (Fig. 2). Later on, the plastic mulch applied rice
treatment was noted to have the lowest dry matter
accumulation until the termination of growth period (Fig. 2).
Rice applied with straw mulch had the highest dry matter
accumulation at 105 and 120 DAS in 2008 (Fig. 2). In 2009,
rice applied with straw mulch attained the highest dry matter
accumulation at 90, 105 and 120 DAS followed by the
plastic and no mulch treatments, respectively (Fig. 2).

The applied mulches significantly improved the grain
quality and recovery of basmati rice. The rice put under
alternate wetting and drying (AWD) system and applied
with plastic mulch had the significantly highest brown rice
length (mm) followed by aerobic rice cultivation system
(AR) applied with plastic mulch during both the years of
study (Fig. 3). Rice applied with straw mulch and sown with
either of AWD or AR systems had a significantly higher
brown rice length than the control i.e. no mulch during both
the years of study (Fig. 3). In 2008, AWD did not show
significant difference for brown rice width among three
mulching treatments (Fig. 3). Under AR, plastic mulch had
the significantly highest brown rice width compared with
the no mulch and straw mulch treatment in 2008 (Fig. 3).
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In 2009, brown rice width was statistically similar for the
applied mulches and no mulch under both AWD and AR
systems (Fig. 3). AWD applied with plastic mulch had the
significantly highest white rice length (mm) followed by the
plastic mulch applied treatment of AR in 2008 (Fig. 4). In
2008, the white rice length of either AWD or AR applied
with straw mulch was statistically similar with those of no
mulch application (Fig. 4). In 2009, the significantly higher
white rice length was recorded for AWD applied with
plastic mulch followed by AWD with straw mulch and AR
with plastic mulch (Fig. 4). In 2008, AWD with no mulch
and plastic mulch had a significantly higher white rice width
which was statistically at par with AWD applied with straw
mulch (Fig. 4). Under AR, the no mulch treatment had the
significantly highest white rice width followed by the AR
applied with plastic mulch and straw mulch, respectively in
2008 (Fig. 4). In 2009, the white rice length was statistically
similar for all the treatments (Fig. 4).

Brown rice length-width ratio of both plastic mulch
and straw mulch of AWD was significantly higher than
control in 2008 (Fig. 5). Under AR, the treatment with straw
mulch had a higher brown rice length-width ratio in 2008
(Fig. 5). In 2009, all the treatments had statistically similar
brown rice length-width ratio except the no mulch treatment
of AR which had the significantly lowest brown rice length-
width ration (Fig. 5). In 2008, AWD treatment applied with
plastic mulch had the significantly highest white rice length-
width ratio among the treatments (Fig. 5). The no mulch for
either of AWD or AR systems had the significantly lowest
white rice length-width ratio in 2008 (Fig. 5). In 2009, all
the treatments had statistically similar white rice length-
width ratio (Fig. 5). In 2008, the significantly highest brown
rice recovery was recorded for AR applied with straw mulch
(Fig. 6). Under AWD, the straw mulch treatment had the
significantly lowest brown rice recovery; however, this
treatment was statistically at par with AWD with plastic and
no mulch application (Fig. 6). In 2009, AWD applied with
straw mulch had the significantly highest brown rice
recovery followed by AWD with plastic mulch application
(Fig. 6). In 2008, the significantly lowest broken brown rice
percentage was recorded for AR applied with straw mulch
followed by the no mulch application in AWD (Fig. 6). In
2009, AWD applied with plastic mulch had the significantly
lowest percentage of broken brown rice followed by the AR
treatment applied with plastic mulch while the significantly
highest broken brown rice was recorded for the no mulch
treatment of AWD (Fig. 6).

In 2008, both AWD and AR applied with either of the
plastic or straw mulch attained the significantly higher white
rice recovery over the no mulch treatment (Fig. 7). In 2009,
AWD applied with straw mulch had the significantly higher
white rice recovery followed by all the mulch treatments in
AWD and AR while the lowest white rice recovery was
recorded for the no mulch application in AWD (Fig. 7). In
2008, the significantly lowest broken white rice percentage
was recorded for the AR applied with plastic mulch
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Fig. 2: Effect of mulches on leaf area duration and dry matter accumulation of fine grain basmati rice = S.E
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Fig. 3: Effect of mulches on brown rice length and width under water saving rice cultivation systems; Different letters

indicate significant differences, at p < 0.05

followed by AWD applied with the plastic mulch while
AWD with no mulch application had the significantly
highest broken white rice (Fig. 7). In 2009, AWD applied
with straw mulch had the significantly lowest broken white
rice followed by AWD applied with plastic mulch (Fig. 7).
In 2008, the significantly lowest husk percentage was
recorded for the AR applied with either of the plastic or
straw mulch (Fig. 8). In 2009, the significantly lowest husk
percentage was recorded for AWD applied with straw
mulch (Fig. 8). In 2008, the significantly lowest bran
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percentage was recorded for AWD applied with straw
mulch followed by the AR under straw and plastic mulch,
respectively while the AR with no mulch application had
the significantly highest bran percentage (Fig. 8). In 2009,
AWD applied with straw mulch had the significantly lowest
bran percentage while AWD with no mulch application had
the highest bran percentage (Fig. 8). With regard to
influence of production systems on rice grain quality, AR
performed better than AWD in 2008, and vice versa were
noted in 2009, however these differences were non-significant.
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2008 ONo mulch WPlastic mulch @ Straw mulch

5.0
4.9
4.8
4.7
4.6
4.5
4.4

a ab

Brown rice length-width ration

Alternate wetting and drying Aerobic rice

ONo mulch mPlastic mulch @ Straw mulch
a

cd

White rice length-width ration

Aerobic rice

Alternate wetting and drying

ONo mulch  ®Plastic mulch @ Straw mulch

Alternate wetting and drying Aerobic rice

ONo mulch mPlastic mulch @Straw mulch

Alternate wetting and drying Aerobic rice

Rice cultivation systems

Fig. 5: Effect of mulches on length-width ratios of brown and white rice under water saving rice cultivation systems;

Different letters indicate significant differences, at p < 0.05
Discussion

Rice is a preferred food for billions of masses throughout
the world. Rice grain quality including grain length, grain
width, brown rice recovery, white rice recovery and grain
breakage percentage importantly decides the values and
price of rice. The rice with longer and unbroken grains is
preferred over the one with shorter and broken grains.
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Moreover, these quality parameters are also important in the
marketing context especially for the world premium basmati
rice which is fetching highest price in the world. Growing
rice under water saving systems such as alternate wetting
and drying (AWD) and aerobic rice (AR) may decrease
grain quality owing to quick moisture loss and resultant
water stress (Dingkuhn and Gal, 1996; Zhang et al., 2008).
However, growing rice under AWD and AR is inevitable in
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Fig. 7: Effect of mulches on brown rice recovery and broken brown rice under water saving rice cultivation systems;

Different letters indicate significant differences, at p < 0.05

the wake of worldwide water shortages (Rejesus et al.,
2011; Nie et al., 2012; Price et al., 2013; Ye et al., 2013).
Nevertheless, the quick moisture loss from the rice fields
sown by AR and AWD methods can be avoided applying
mulches (Humphreys et al., 2011).

Mulch application has important significance in
agricultural systems (Zhou et al., 2009; Jordan et al., 2014;
Jabran et al., 2015). Although enhanced moisture retention
resulting from reduced evaporative losses has been reported
as the salient advantage of mulch application (Humphreys et
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al., 2011), however, the role of mulch application in
improving the fine grain rice growth and grain quality was
desired to be explored and exploited. The results of our
studies clarify the pertinent role of mulches application for
improving the rice growth and grain quality under AWD
and AR. The growth of fine grain rice was improved in
response to either of the plastic or straw mulch application.
The growth parameters like leaf area index, crop growth
rate, dry matter accumulation and leaf area duration were all
improved in response to mulch application while plastic
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mulch was more effective than the straw mulch in
improving the rice growth.

In our studies, both the straw and plastic mulch were
helpful in improving the quality of basmati rice planted
under AWD and AR. However, the mulches were more
effective under AWD rice system than the AR which may
be due to the effect of puddling performed in AWD at the
time of sowing. Recent literature supports the results of our
studies. The results of a study indicated that growing rice
under non-flooded aerobic conditions reduced the milling,
cooking quality and appearance of rice grains in comparison
with conventionally flooded rice (Zhang et al., 2008).
However, straw mulch application improved the rice grain
quality including grain filling, milling, appearance and
cooking (Zhang et al., 2008). Both the brown and white rice
grain lengths were improved with the application of plastic
and straw mulch with the higher effectiveness of plastic
mulch. Although brown rice recovery was improved by
both the mulches, straw mulch was more effective in
improving brown rice recovery. Hence, straw mulch also
resulted in minimum grain breakage for the brown rice.
Brown rice recovery was improved by mulch application in
AR during first year of experiment and in AWD during
second year of experiment with straw mulch being more
effective than plastic mulch. Mulch application was also
helpful in increasing the white rice recovery and decreasing
the grain breakage for either white or brown rice. These
results were obtained except AR in 2009.

Higher soil moisture percentage has been reported by
mulch application (Zhang et al., 2011). This higher moisture
retention was probably the major reason for improved crop
growth and grain quality. The effects of mulch application
on evaporation, transpiration, moisture retention and
production in rice and other crops have been the major focus
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by several researchers recently (Eberbach et al., 2011;
Humphreys et al., 2011; Zhang et al., 2011). The beneficial
effects of mulches on rice soil environment had helped to
increase the rice growth and grain quality (Eberbach et al.,
2011). For example, Montenegro et al. (2013) explained
that mulching the surface with crop residues not only
enhances rainfall water capture and penetration but also
increases its retention in the soil. Moreover, enhanced soil
organic carbon and fertility can be noted in the fields which
are kept mulched for more than one growing season (Zhou
et al., 2012). Mulch application not only results in reduced
evaporative losses but also has enhanced leaf growth, root
growth and root biomass production (Zhang et al., 2011).
Plastic mulch was more effective than straw mulch for
increasing the crop growth as well as grain quality (Jabran et
al., 2015). The results of recent studies indicate lower soil
evaporation and higher soil moisture retention with plastic
mulch than straw mulch (Jabran et al., 2015; Zribi et al.,
2015).

The results of our studies conclude that the crop
growth and grain length of fine grain basmati rice under
AWD and AR cultivation systems is improved by straw and
plastic mulch application. However, effect of production
systems (AWD or AR) on rice quality was non-significant.
Moreover, the applied mulches in water saving systems also
improved the head rice and milling recovery of basmati rice.
Plastic mulch was more effective than straw mulch in
improving the rice growth and grain quality.
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