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Abstract
Chemical control of weeds in lettuce crop brings damaging effects on soil microorganisms and reduces produce quality. It is
therefore essential to explore effective and safe weed management approaches. Hence, a repeated field experiment was
conducted to investigate the impact of black plastic mulch, wheat straw, rice husk, saw dust and manual weeding on weeds,
soil health and lettuce yield. The minimum inhibitory effect on fresh and dry weight (gm-2) of weeds was recorded by rice
husk whereas highest was noted by the application of wheat straw. However, expensive hand weeding was found to be
superior in managing weed infestation. Maximum lettuce plant height, number of leaves plant-1, head diameter, fresh weight,
dry weight and yield was obtained from manually weeded and wheat straw mulch treated plots. The application of wheat straw
as mulch caused an increase of 1.59%, 12.35%, 14.02%, 4.13%, 7.56%, 6.39%, 14.33% and 18.6% in net return, soil
dehydrogenase activity, β-glucosidase activity, urease activity, microbial biomass carbon, nitrogen, phosphorus and bacterial
population, respectively over control. It is suggested that wheat straw mulch could be used to get better economic return,
improve lettuce yield, inhibit weed growth and enhance soil biological functioning.
Keywords: benefit-cost ratio, lettuce, mulches, microorganisms, soil enzymes, weeds
1. Introduction
Weed control is a major constraint in profitable lettuce
(Lactuca sativa L.) production, as it is expensive, timeconsuming and causing severe yield losses when failing to
ensure an adequate weed management (Kristiansen et al.,
2008) [22]. Earlier growth stages of lettuce seedlings need to
be kept weed free, as it is very sensitive to weed
competition due to shallow root system (Isık et al., 2009).
Weed management in conventional lettuce crop is normally
based on effective combination of chemicals and cultivation
practices, such as mechanical tillage, hoeing and hand
weeding (Fennimore & Richard, 1999) [13]. Presence of
intra-row weeds not targeted by usual cultivation practices
and restricted use of herbicides makes weed management
more difficult in lettuce, especially in organic crop
production systems (Van Der Weide et al., 2008) [46].
In Pakistan average yield loss by weeds in many crops is
much higher (11.5%) than global average (9.5%) (Rabbani
et al., 2013) [28]. Yield and quality of vegetable crops is
greatly reduced by weeds in hand-harvested crops, such as
lettuce (Shem-Tov et al., 2006) [34]. In lettuce 20 to 40%
yield loss occurred if weed cover of 25% is present and
complete crop failure has been observed at 50% weed cover
(Lanini & Le Strange, 1991) [24]. The cost of weed control in
commercial lettuce is about 11% of the total production cost
of lettuce (Tourte & Smith, 2001) [41]. Because of limited
selective herbicides, the weed suppression costs for lettuce
are very high (Bell et al., 2000) [5]. High market and quality
values, small growth phases and concerns to damage caused
by herbicides restrict the registration of new herbicides for

lettuce (Ryder, 1999) [29]. Weeds result in more annual
losses in crops as compared to insect, pest and diseases
(Khan et al., 2008) [20]. Therefore, it is most important to
control weeds population for better crop production.
Now a day, people prefer to consume vegetables which are
produced without inorganic fertilizer because they are
suffering from severe diseases as a result of residual toxicity
of plant protection chemicals (Asao et al., 2014) [3]. It is well
known fact in salad farming that the use of mulch improves
the value of crops (Verdial et al., 2001) [45]. Mulch is a
natural (straw, sawdust, herbage and other materials) or
synthetic (polyethylene) material which is used for
protection of plant from chilling, drought and other stresses
like weeds. Also, it is considered as an agro technique
which can significantly modify micro-environment of plants
(Siwek et al. 2007) [35]. Mulching is one of the management
practices for increasing water use efficiency and weed
control in crop fields (Unger & Jones, 1981) [43]. Different
types of materials such as wheat straw, rice straw or husk,
plastic film, grass, wood, sand, oil layer etc. are used as
mulch (Khurshid et al., 2006; Seyfi & Rashidi, 2007) [21,. 33].
Previous researchers (Tolk et al., 1999) [40] reported that
mulch application caused an increase of 19% in above
ground biomass and grain water use efficiency was
enhanced by 14% as compared to un-mulched soil. Water
saving of more than 50% was achieved with the use of
plastic cover over the naked soil and the importance of soil
coverage is further enhanced under water limited conditions.
Mulch provides a better soil environment, moderates soil
temperature, increases soil porosity and water infiltration
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rate during intensive rain as a result of better runoff, erosion
and weed control (Bhatt & Kheral, 2006; Anikwe et al.,
2007; Glab & Kulig, 2008) [7, 2, 14]. Organic mulches perform
additional functions of increasing soil organic matter
content, CEC, enhancing biological activity, improving soil
structure and boosting plant nutrients after decomposition
(Tian et al., 1994; Lal, 1995) [39, 23].
A lot of work has been done on different methods of weed
control in lettuce but work on weed control by natural and
synthetic mulches is scanty and non-systemic. Therefore,
the current research trial was intended to achieve the
following objectives: (i) To compare which mulching
material prolonged weed control in lettuce crop (ii) To find
out which mulching material is conducive for maximizing
the lettuce yield and soil biological properties (iii) To
determine which mulch material is cost effective.
2. Materials and Methods
Field experiment was conducted in Research Area, College
of Agriculture, University of Sargodha situated in subtropical (32.08° N latitude, 72.67° E longitude) semi-arid
climate of the central Punjab, Pakistan during 2016-2017.
The experiment was conducted on sandy loam soil (Table
1). Daily precipitation, relative humidity, minimum and
maximum temperature during the crop growth period were
recorded from the weather station of Punjab Agriculture
Department (In-service agricultural training Institute,
Sargodha) situated near the experimental field (Figure 1).
The experiment was laid out in a randomized complete
block design (RCBD) with four replications having a net
plot size of 6 m × 1.8 m. The experiment comprised black
plastic mulch (0.05 mm), wheat straw mulch, rice husk
mulch and saw dust mulch each at 2 tha-1, along with a weed
free treatment.
Lettuce nursery was planted on 8th of December, 2016 and
transplanted to field on 3rd January, 2017 in 30 cm apart
rows maintaining a plant spacing of 30 cm. The mulches
were applied in the field just after transplanting as per
treatment. Manual hoeing was done at regular intervals to
keep the plots free of weeds in weed free treatment. Ten
plants were selected at random to record data on number of
leaves plant-1, plant height (cm), head diameter (cm) and
fresh weight following standard procedure. The lattuce yield
was recorded on per plot basis and was converted to tha-1.
The data on density and biomass of weed was recorded from
two quadrates of 1m2 randomly from each plot.
Soil samples were collected from root zone at suitable time
after application of treatments and analysed for soil
dehydrogenase activity (Tabatabai, 1994) [37], β-glucosidase
activity (Eivazi and Tabatabai, 1994) [37], urease activity
(Kandeler and Gerber 1988) [19], microbial biomass C
(Vance et al., 1987) [44], microbial biomass N (Vance et al.,
1987) [44], microbial biomass P (Brookes et al., 1982, 1985)
[9, 8]
, fungal biomass (Ergosterol) (Djajakirana et al.,1996)
[11]
and bacterial population (Azmi and Chatterjee 2016) [4].
Net income was calculated as:

(CIMMYT, 1988).
The recorded data was analyzed by using Fischer’s analysis
of variance technique and treatment means were compared
at 5% significance level by using least significant difference
test (Steel et al., 1997) [36]. The Sigma Plot 2009 (Version

11.0) software was used for graphical representation of the
data.
3. Results & Disscussions
Effect of mulching on growth and yield of lettuce
The impact of different mulching practices on number of
leaves plant-1 was significant (Figure 2). The highest
number of leaves plant-1 (19.9) was recorded in weed free
plots which were statistically similar to wheat straw mulch.
The lowest number of leaves plant-1 (13.9) was recorded
with saw dust mulch. The increase in number of leaves
plant-1 of lettuce observed in manual weeding and wheat
straw mulch treated plots might be due to lower competition
between lettuce plant and weeds (Figure 8&9). The lettuce
plant might have utilized available resources at more
efficiently due to reduced weed interference. These results
are in line with Bhatt et al. (2004) [6] and Khurshid et al.
(2006) [21] who reported that organic mulches improved the
number of leaves plant-1 of lettuce. An increase in the
number of lettuce leaves plant-1 with the application of
organic and inorganic mulches as compared to un-weeded
control has also been reported by Jenni et al. (2004) [17].
The height of lettuce was affected by different mulching
treatments (Figure 3). The highest value was recorded with
weed free (85.1 cm) which however, was statistically at par
with wheat straw and plastic mulch. As weeds were not
allowed to compete with lettuce in weed free treatment,
more resources were available for lettuce plants which
ultimately attained greater height. A significant increase in
plant height of pea with the application of organic mulches
has also been reported by Sajid et al. (2013) [30]. Weed free
treatment resulted in highest head diameter (67.3 cm) of
lettuce, which was statistically similar with plastic and
wheat straw mulch treatments. However, lowest (48.6 cm)
head diameter of lettuce was observed in plot where saw
dust was used as a mulching material (Figure 4). The higher
lettuce head diameter with manual weeding might be due to
the maximum weed control that enhanced the
photosynthetic rate and chlorophyll contents by providing
optimum nutrients, space, light and water to lettuce plant.
Our results are supported by the findings of Salehi et al.
(2013) [31] who found a significant positive effect of
mulches on lettuce head diameter. Fontanetti-Verdial et al.
(2001) [45] studied the impact of mulch on Iceberg lettuce
and identified that plastic mulch significantly enhanced the
chlorophyll, head weight and dry matter of lettuce plant as
compared to un-mulched plots. Our results are also
supported by Jenni et al. (2004) [17] who reported that plastic
and organic mulch reduced weed growth which in turn
resulted in significantly heavier heads as compared to unmulched plots.
The fresh and dry weight of lettuce varied significantly due
to different mulching practices (Figure 5&6). The weed free
treatment resulted in highest fresh and dry weight and was
statistically similar to wheat straw mulch. Similarly, rice
husk and saw dust mulches produced lower lettuce fresh and
dry weights than all other mulching treatments. It was
probably due to poor soil moisture retention and weed
suppression by these mulching materials. The higher lettuce
fresh and dry weight in case of manual weeding and wheat
straw mulch was probably due to the greater number of
leaves, plant height and head diameter. The results are in
agreement with the findings of Salehi et al. (2013) [31] who
reported a significant increase in lettuce fresh weight with
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the application of mulches. Fontanetti-Verdial et al. (2001)
[45]
also reported an increment in lettuce dry weight due to
mulching which was the result of better nutrients
availability, optimum soil temperature and moisture.
Different mulch treatments significantly influenced total
yield of lettuce (Figure 7). The highest lettuce yield (16.7 t
ha-1) was recorded in plots where manual weeding was done
and it was statistically at par with straw mulch and plastic
mulch treated plots. The differences between plastic mulch
and rice husk mulch could not reach to the level of
significance. The lowest lettuce yield (12.7 t ha-1) was
obtained from plots where saw dust was used as mulching
material and it was statistically at par with plots where rice
husk was used as mulch. The superior performance in term
of total lettuce yield presented by manual weeding, wheat
straw and plastic mulch treatments when compared to others
can be explained by maximum suppression of weeds and
improvement in soil biological health which resultantly
improved the availability of water and minerals to lettuce
plants. The better growth of plants grown in plots where
plastic mulch was applied is in line with the findings of
Iqbal et al. (2009) [16] who reported a significantly higher
vegetative growth as well as fruit yield of hot pepper
hybrids mulched with black plastic. Our results are also in
agreement with the findings of Salehi et al. (2013) [31] who
reported a significant increase in lettuce yield with the
application of organic mulch. However, our results are
contradictory to the findings of Mulvaney et al. (2011) [16]
who reported that collard yield was not affected by any
mulch treatment which may be due to variable response of
different species to mulching.
Effect of mulching on fresh and dry weight of weeds
Effect of different mulching materials on fresh and dry
weight of weeds is presented in figure 8 and 9. A significant

reduction in weeds fresh and dry weight was observed with
all mulch treatments. The maximum fresh and dry weight of
weeds 399.24 gm-2 and 58.29 gm-2 respectively, was
recorded in plots where rice husk was applied as mulch
material. All other mulching treatments resulted in
significantly lower weed biomass compared with rice husk
mulch, however the differences among plastic, wheat and
saw dust mulch could not reah to the level of significance
(Figure 8, 9). Among various mulching materials, rice husk
showed poor weed inhibition. This might be due to inability
of rice husk to block the light availability to weeds. Broad
leaves and grass weeds were found in the experimental
plots. Essien et al. (2009) [12] reported that different organic
mulches have different ability to suppress the weed growth.
These results are in accordance with the findings of
Thayalaseelan et al. (2017) [38] who observed variability in
weeds control efficacy of different mulches. Our results are
also in conformity with the findings of Seigler (1996) [32]
who revealed that organic mulches reduced weed growth by
decreasing the soil temperature and act as a physical
obstacle that hinder the light needed for weed seed
germination that ultimately decreased fresh weight of
weeds. Sajid et al. (2013) [30] also stated that organic
mulches significantly decreased the weeds biomass in pea
crop. Awodoying & Ogunyemi (2005) also supporting our
finding by observing that weed control efficiency of
different types of mulches ranged from 27 to 97%. The
weeds were able to emerge through the rice husk and
produced greater biomass as compared to other mulches. A
similar difference in weed dry weight due to the application
of rice straw, saw dust, clover weed and cogen grass was
recorded by Abouziena et al. (2015) [1]. Our observations are
also in line with the findings of Thayalaselan et al. (2017)
who reported that weed composition and biomass were
lowest in live mulched plots.

Fig 1: Rainfall, temperature and relative humidity for the growing period of lettuce during 2016-2017

Fig 2: Effect of different mulching materials on lettuce number of
leaves per plant

Fig 3: Effect of different mulching materials on lettuce plant
height (cm)
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Fig 4: Effect of different mulching materials on lettuce head
diameter (cm)

Fig 8: Effect of different mulching materials on fresh weight of
weeds (g m-2)

Fig 5: Effect of different mulching materials on fresh weight of
lettuce (g plant-1)

Fig 9: Effect of different mulching materials on dry weight of
weeds (g m-2)

Fig 6: Effect of different mulching materials on dry weight of
lettuce (g plant-1)

Fig 7: Effect of different mulching materials on lettuce yield (t ha1)

Effect of mulching on soil biological Properties
Dehydrogenase activity of soil was affected significantly by
mulching treatments (Table 2). The maximum
dehydrogenase activity (20 μg TPF g-1 soil h-1) was
observed where mulching of wheat straw was used which
was followed by manual weeding (17.8 μg TPF g-1 soil h-1)
which was probably due to improved aeration and moisture
conservation However, the minimum dehydrogenase
activity (15.3 μg TPF g-1 soil h-1) was recorded where saw
dust mulch was used. A significant increase in βGlucosidase activity of soil was observed with all mulch
treatments (Table 2) over weed free which was due to
higher quantity of organic matter in mulched soil. While, the
plots covered with wheat straw recorded highest activity of
β-Glucosidase (34.22 μg PNP g-1soil h-1) in soil which
however was statistically similar to manual hoeing. The βGlucosidase activity in plots treated with plastic mulch, rice
husk and saw dust was statistically similar. The urease
activity ranged from 3.70 to 5.29 μg NH4+g-1 soil h-1
(Table2). The activity of the urease enzyme in wheat straw
mulched plots was the highest when compared with plastic
mulch, rice husk and saw dust. The minimum value of
urease activity was observed in saw dust mulch which
however, did not differ significantly from plastic mulch
treatment. The increase in dehydrogenase and β-Glucosidase
activity of soil by wheat straw might be due to the rapid
decomposition of wheat straw that added more organic
matter into the soil. Coolong (2012) [10] stated that straw
mulching increase soil health by improving soil structure,
soil organic matter, mineral nutrient availability and
enhanced soil bioactivity. Yang et al. (2003) [48] also
reported increased soil dehydrogenase activity in grass
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International Journal of Botany Studies

mulch treated plots than no mulch plots. A minor influence
on the soil β-Glucosidase activity by the application of
wheat straw mulch was also reported by Lombao et al.
(2015) [25]. Increase in urease activity due to application of
wheat straw mulch is in accordance with the results of study
conducted by Lombao et al. (2015) [25] who reported higher
values of urease activity in the soil with the application of
straw mulch. These results are also supported by the
findings of Zhang et al. (1992) [49] who studied the effect of
straw mulching on maize and rhizosphere soil microecological environment and found that straw mulching
significantly improved soil urease enzyme.
Microbial biomass C was significantly influenced by all
mulch treatments (Table 3). The highest microbial biomass
C (81.05 μg g-1 soil) was noted with organic mulch of
wheat straw. Mulch materials namely saw dust, rice husk
and plastic mulch showed lower microbial biomass C as
compared to wheat straw (Table 3). The perusal of data
presented in table 3 also indicated that maximum (15.30 μg
g-1 soil) microbial biomass N was recorded in plots where
mulch of wheat straw was applied and it was followed by
the manual weeding. Plastic and saw dust mulch resulted in
statistically similar microbial biomass N. However,
minimum (9.90 μg g-1 soil) microbial biomass N was
recorded in plots where saw dust mulch was applied. In case
of microbial biomass P, wheat straw, rice husk and manual
weeding produced statistically similar results. However,
maximum microbial biomass P (6.70μgg-1soil) was
recorded where wheat straw mulch was applied. Whereas,
minimum microbial biomass P (5.11μgg-1soil) was
recorded in plots where saw dust was used as a mulch
material (Table 3). Among all the treatments, highest
bacterial population (7.19 x105 CFUg-1 soil) was obtained in
plots where mulching of wheat straw was used. Minimum
soil bacterial population was recorded in saw dust mulched
plots which was statistically similar to plots covered with
plastic mulch (Table 3). Bacterial population in manually
weeded and rice husk mulch plots were intermediate and
statistically similar. The decrease in the soil microbial
biomass C, N and P with saw dust might have been due to
less aeration and concomitant poor decomposition of saw
dust mulch that reduced the availability of these minerals in
the soil. The observed increase in microbial biomass C, N
and P in plots treated with wheat straw mulch might be due
to rapid decomposition of wheat straw in the soil. These
results are in agreement with Goyal et al. (1999) [15] who
revealed that mulching of wheat straw significantly
enhanced the microbial biomass C and microbial activity.
These findings are in agreement with previous report
(Lombao et al., 2015) [25] who indicates that the application
of wheat straw mulch brought a slight improvement in soil
microbial biomass C. Our results are in accordance with the

findings of Tu et al. (2005) [42] who found that application of
wheat straw mulch enhanced the microbial biomass N by
30% as compared to non-mulched soils. The findings of
Jodavgiene et al. (2010) also support our results as they
reported that C: N ratio of grass mulch was more favorable
for increasing microbial biomass N than saw dust mulch.
These results are in accordance with the findings of Goyal et
al. (1999) [15] who stated that organic mulches such as wheat
straw imparted significant effect on soil health and
enhanced the soil microbial activity as compared to
inorganic mulches. Our findings are also in conformity with
the results of Munoz et al. (2017) who revealed that
application of wheat straw mulch enhanced the microbial
biomass in soil as compared to plastic mulch treatment. In
our experiment all mulch treatments improved the bacterial
population in soil except saw dust. The results are in
conformity with the findings of Yang et al. (2003) [48] who
revealed that soil bacterial population was improved
significantly in the grass mulch treated plots as compared to
control. The similar results are also reported by Jodaugiene
et al. (2010) who stated that as compared to no mulch
treated plots bacterial population in the soil improved
significantly where straw mulch was applied. Xishi et al.
(1998) [47] also reported 22.6% increase in soil bacterial
population with the application of mulch over no mulch
plots.
Economic analysis
The net income of organic weed control practices was
recorded as Rs. 596700, 587350, 558400, 459500 and
432500 with wheat straw mulch, manual weeding, plastic
mulch, rice husk mulch and saw dust mulch, respectively
(Table4). Wheat straw mulch had maximum net return
followed by manual weeding. Higher net return in wheat
straw mulched plots was due to less cost of production as
compared to expensive manual weeding. The highest (5.40)
benefit-cost ratio was obtained in case of wheat straw
treated plots which was followed by plastic mulch (4,74).
However, minimum benefit-cost ratio was recorded when
weeds were controlled by using saw dust mulch.
Table 1: Pre-sowing soil properties
Parameter
EC (1:2.5) d Sm-1
Total soluble salts
pH
Organic matter (%)
Total Nitrogen (%)
Available P (ppm)
Extractable K (ppm)
Extractable Na (ppm)
Olsen’s P (ppm)

Values
0.23
12.12%
7.9
0.89
0.58
11
118
0.9
16.8

Status
Non Saline
Medium
Medium alkaline
Medium
Medium
Medium
Medium
Medium
High

Table 2: Influence of different mulching material on Dehydrogenase, β-Glucosidase and urease activity of soil
Dehydrogenase activity
β-Glucosidase activity
Urease activity
(μg TPF g-1 soil h-1)
(μg PNP g-1 soil h-1)
(μg NH4+ g-1 soil h-1)
Manual weeding
17.8 ab
30.01 ab
5.08 b
Plastic mulch
15.7 b
26.55 b
3.79 d
Wheat straw
20.0 a
34.22 a
5.29 a
Rice husk
16.9 b
28.63 b
4.84 c
Saw dust
15.3 b
25.85 b
3.70 d
LSD (0.05)
2.95
5.42
0.19
Means not sharing same letter in a column differ significantly at p ≤ 0.05, LSD = Least significant difference
Treatments
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Table 3: Influence of different mulching materials on microbial biomass C, N, P and
Treatments
MBC (μg g-1 soil) MBN (μg g-1 soil) MBP (μg g-1 soil) Bacterial population (x105 CFU g-1)
Manual weeding
75.35 b
14.38 ab
5.86 ab
6.09 b
Plastic mulch
60.70 d
10.93 c
5.15 b
4.83 c
Wheat straw
81.05 a
15.30 a
6.70 a
7.19 a
Rice husk
73.77 c
13.26 b
6.40 a
5.98 b
Saw dust
58.82 e
9.90 c
5.11 b
4.40 c
LSD (0.05)
1.54
1.67
1.24
0.97
MBC: Microbial biomass - C, MBN: Microbial biomass - N, Microbial biomass – P, CFU: Colony forming unit, Means not
sharing same letter in a column differ significantly at p ≤ 0.05, LSD = Least significant difference
Table 4: Economic analysis of lettuce production as influenced by different mulch treatments
Treatments
Yield (t ha-1)
Manual weeding
16.72
Plastic Mulch
15.73
Wheat straw
16.27
Rice husk
13.31
Saw dust
12.71
Green lettuce price = Rs. 45 kg-1

Gross income
752400
707850
732150
598950
571950

Total cost (Rs. ha-1)
165050
149450
135450
139450
139450

4. Conclusions
From the results of this experiment it can be concluded that
among all the mulching treatments, wheat straw mulch has
the potential to give better economic return by improving
lettuce yield through inhibiting weed growth and enhancing
soil biological functioning.
5. Acknowledgement
To Dr. Muhammad Saleem Arif, Department of
Environmental Sciences & Engineering, GC, University,
Faisalabad, Pakistan for expert technical assistance in soil
enzymatic analysis.
6. References
1. Abouziena HF, Radwan SM. Allelopathic effects of
sawdust, rice straw, bur-clover weed and cogongrass on
weed control and development of onion. International
Journal of Chemical and Technical Research. 2015;
7:337-345.
2. Anikwe MAN, Mbah CN, Ezeaku PI, Onyia VN.
Tillage and plastic mulch effects on soil properties and
growth and yield of cocoyam (Colocasia esculenta) on
an ultisol in south eastern Nigeria. Soil and Tillage
Research. 2007; 93:264-273.
3. Asao T, Asaduzzaman M, Md MF. Horticultural
Research in Japan. Production of vegetables and
ornamentals in hydroponics, constraints and control
measures. Advances in Horticultural Sciences. 2014;
28:167-178.
4. Azmi SA, Chatterjee S. Population dynamics of soil
bacteria in some areas of Midnapore coastal belt, West
Bengal, India. 3 Biotech. 2016; 6(1):37.
5. Bell CE, Fennimore SA, Mcgiffen ME. My view:
vegetable herbicides and the Food Quality Protection
Act. Weed Science. 2000; 48:1.
6. Bhatt R, Khera KL, Arora S. Effect of tillage and
mulching on yield of corn in the Corn in the Sub
montaneous Rain fed Region of Punjab, India.
International Journal of Agriculture and Biology. 2004;
6:126-128.
7. Bhatt R, Khera KL. Effect of tillage and mode of straw
mulch application on soil erosion in submontaneous
tract of Punjab, India. Soil and Tillage Research. 2006;
88:107-115.

8.

9.

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

Net return (Rs. ha-1)
587350
558400
596700
459500
432500

Benefit cost ratio
4.56
4.74
5.40
4.29
4.10

Brookes PC, Landman A, Pruden G, Jenkinson DS.
Chloroform fumigation and the release of soil nitrogen:
a rapid direct extraction method to measure microbial
biomass nitrogen in soil. Soil Biology and
Biochemistry. 1985; 17:837-842.
Brookes PC, Powlson DS, Jenkinson DS. Measurement
of microbial biomass phosphorus in soil. Soil Biology
and Biochemistry. 1982; 14:319-329.
Coolong T. Mulches for weed management. Shanghai,
China, 2012, 57-74.
Djajakirana G, Joergensen RG, Meyer B. Ergosterol
and microbial biomass relationship in soil. Biology and
Fertility of Soil. 1996; 22:299-304.
Essien BA, Essien JB, Nwite JC, Eke KE, Anaele UM,
Ogbu JU. Effect of organic mulch materials on maize
performance and weed growth in the derived savanna of
south eastern Nigeria. Nigerian Agricultural Journal.
2009; 40:255-262.
Fennimore SA, Richard SJ. The evaluation of
carfentrazone in salinas valley lettuce. California Weed
Science Society. 1999; 51:17-19.
Glab T, Kulig B. Effect of mulch and tillage system on
soil porosity under wheat (Triticum aestivum). Soil
Tillage and Research. 2008; 99:169-178.
Goyal S, Chander K, Mundra MC, Kapoor KK.
Influence of inorganic fertilizers and organic
amendments on soil organic matter and soil microbial
properties under tropical conditions. Biology and
Fertility of Soil. 1999; 29:196-200.
Iqbal Q, Amjad M, Asi MR. Vegetative and
reproductive evaluation of hot peppers under different
plastic mulches in poly/plastic tunnel. Pakistan Journal
of Agricultural Sciences. 2009; 46:113-118.
Jenni S, Brault D, Stewart KA. Degradable mulch as an
alternative for weed control in lettuce produced on
organic soils. Acta Hortculturae. 2004; 638:111-118.
Jodaugienė D, Pupalienė R, Urbonienė M, Pranckietis
V, Pranckietienė I. The impact of different types of
organic mulches on weed emergence. Agronomy
Research. 2010; 4:197-201.
Kandeler E, Gerber H. Short-term assay of soil urease
activity
using
colorimetric
determination
of
ammonium. Biology and Fertility of Soil. 1988; 6:6872.
133

International Journal of Botany Studies

20. Khan A, Jan MT, Arif M, Marwat KB, Jan A.
Phenology and crop stand of wheat as affected by
nitrogen sources and tillage practices. Pakistan Journal
of Botany. 2008; 40:1103-1112.
21. Khurshid K, Iqbal M, Arif M, Nawaz A. Effect of
tillage and mulch on soil physical properties and growth
of maize. International Journal of Agriculture and
Biology. 2006; 8:593-596.
22. Kristiansen P, Sindel BM, Jessop RS. Weed
management in organic Echinacea (Echinacea
purpurea) and lettuce (Lactuca sativa) production.
Renewable Agriculture and Food System. 2008;
23:120-135.
23. Lal R. Tillage and mulching effects on maize yield for
seventeen consecutive seasons on a tropical alfisol.
Journal of Sustainable Agriculture. 1995; 5:79-93.
24. Lanini WT, Lestrange M. Low-input management of
weeds in vegetable fields. California Agriculture. 1991;
45:11-13.
25. Lombao A, Díaz-Raviña M, Martín A, Barreiro A,
Fontúrbel MT, Vega JA et al. Influence of straw mulch
application on the properties of soil affected by forest
wildfire. Spanish Journal of Soil Science. 2015; 5:2640.
26. Mulvaney MJ, Price AJ, Wood CW. Cover crop residue
and organic mulches provide weed control during
limited-input no-till collard production. Journal of
Sustainable Agriculture. 2011; 35:312-328.
27. Muñoz K, Buchmann C, Meyer M, Schmidt-Heydt M,
Steinmetz Z, Diehl D, et al. Physicochemical and
microbial soil quality indicators as affected by the
agricultural management system in strawberry
cultivation using straw or black polyethylene
mulching. Applied Soil Ecology. 2017; 113:36-44.
28. Rabbani N, Bajwa R, Javaid A. Interference of five
problematic weed species with rice growth and yield.
African Journal of Biotechnology. 2013; 10:1854-1862.
29. Ryder EJ. Crop Production Science in Horticulture:
Lettuce, Endive and Chicory. Wallingford, UK, CABI,
1999, 79-89.
30. Sajid M, Hussain I., Khan IA, Rab A, Jan I, Wahid F,
Shah ST. Influence of Organic mulches on growth and
yield components of pea’s cultivars. Greener Journal of
Agricultural Sciences. 2013; 3:652-657.
31. Salehi R, Kashi A, Mirjalili SM. Improvement of
lettuce growth and yield with spacing, mulching and
organic fertilizer. International Journal of Agriculture
and Crop Science. 2013; 6:1137.
32. Seigler DS. Chemistry and mechanisms of allelopathic
interactions. Agronomy Journal. 1996; 88:876-885.
33. Seyfi K, Rashidi M. Effect of drip irrigation and plastic
mulch on crop yield and yield components of
cantaloupe. International Journal of Agriculture and
Biology. 2007; 9:247-249.
34. Shem-Tov S, Fennimore SA, Lanini WT. Weed
Management in Lettuce (Lactuca sativa) with plant
irrigation. Weed Technology. 2006; 20:1058-1065.
35. Siwek P, Kalisz A, Wojciechowska R. Effect of
mulching with film of different colours made from
original and recycled polyethylene on the yield of
butterhead lettuce and celery. Folia Hortculturae. 2007;
19:25-35.
36. Steel RGD, Torrie JH, Dickey DA. Principles and
Procedures of Statistics. A Biometric Approach.

McGraw Hill, New York, USA. 3rd ed, 1997.
37. Tabatabai MA. Soil enzymes: Methods of soil analysis,
part 2. Microbiological and biochemical properties. Soil
Science Society of America, Madison, 1994, 775-833.
38. Thayalaseelan S, Pradheeban L, Nishanthan K,
Sivachandiran S. Effect of growth and yield
performances of mungbean (Vigna radiate L.) Under
different mulching practices. WJPLS. 2017; 3:42-50.
39. Tian G, Kang B, Brussoard L. Mulching effects of plant
residue with chemically contrasting composition of
maize growth and nutrient accumulation. Plant and
Soil. 1994; 9:7-11.
40. Tolk JA, Howell TA, Evett SR. Effect of mulch,
irrigation, and soil type on water use and yield of
maize. Soil and Tillage Research. 1999; 50:137-147.
41. Tourte L, Smith R. Sample of Production Costs for
Romaine Lettuce in Monterey and Santa Cruz Counties.
Department of Agricultural and Resource Economics,
University of California, Davis, 2001.
42. Tu C, Ristaino JB, Hu S. Soil microbial biomass and
activity in organic tomato farming systems: Effects of
organic inputs and straw mulching. Soil Biology and
Biochemistry. 2005; 38:247-255.
43. Unger PW, Jones R. Effect of soil water content and a
growing season straw mulch on grain sorghum. Soil
Science Society of American Journal. 1981; 45:129.
44. Vance ED, Brookes PC, Jenkinson DS. An extraction
method for measuring soil microbial biomass C. Soil
Biology and Biochemistry. 1987; 19:703-707.
45. Verdial FM, Santos DLM, Morgor AF, Goto R.
Production of Iceberg lettuce using mulches. Scientia
Agricola. 2001; 8:737-740.
46. Weide VD, Bleeker PO, Achten VTJM, Lotz LAP,
Fogelberg F, Melander B. Innovation in mechanical
weed control in crop rows. Weed Research. 2008;
48:215-224.
47. Xishi C, Shufan G, Jingkuan W, Jian Z. Effect of
mulching cultivation with plastic film on soil microbial
population and biological activity. Chinese Journal of
Applied Ecology, 1998, 04.
48. Yang Y, Dungan RS, Ibekwe AM, Valenzuela-Sola C,
Crohn DM, Crowley DE. Effect of organic mulches on
soil bacterial communities one year after application.
Biology and Fertility of Soil. 2003; 38:273-281.
49. Zhang BY, Chen HG, Zhou TW. Exploration on
colored plastic film mulch for controlling weeds in
tomato and maize fields. Plant Protection. 1992; 6:4041.

134

