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1.	 Introduction 

Chemical weed control, the most common weed control method worldwide, has 
become unsustainable due to increasing herbicide resistance and environmental 
concerns of herbicide use. In addition to harmful effects on human health, livestock, 
and natural vegetation, herbicide use is facing challenges including less accessibility to 
new herbicide formulation, air pollution, herbicide selectivity under changing cropping 
patterns and mix-cropping, unavailability of herbicide with new mode of actions, 
herbicide hormesis in weeds, water contamination and soil erosion (Abbas et al., 2017; 
Carles et al., 2017; Nadeem et al., 2017). Under the immense pressure of intensive 
agriculture and a changing climate in the agroecosystem, herbicides’ adverse effects 
are not acceptable. Therefore, scientists are searching for alternate weed management 
strategies to provide sustainable and eco-friendly weed control in different crops. 

Thermal weed control by soil solarization as a non-chemical technique will become 
popular due to its long-term weed control and the added benefits of increased soil 
nutrient availability, disease, and insect-pest management (Ghosh and Dolai, 2014). 
Solarization is a non-chemical process of heating the soil using polythene sheets that 
reduce weeds’ population by decaying soil weed bank and killing weeds seedlings, 
and some other soil-borne pests (Stapleton and DeVay, 1986). It is more effective 
in warmer parts of the world and is used on a restricted but rising scale (Arbopleya, 
2009; Stapleton et al., 2000). Covering wet seedbeds with transparent polythene 
sheets for some time captures the maximum radiation energy from sunlight and 
increases the top layer soil temperature to 50-60 oC (Lamont, 2005). The upper soil 
layer’s continuous high temperature is the main reason that decreases weed seed 
bank (Asagarpour et al., 2008). 

Thermal weed control revealed a significant reduction in weed density and weed 
seed bank, and transparent plastic sheets gave better results than the dark plastic 
sheet (Asagarpour et al., 2008). In addition to reducing weed seed bank, selective 
covering of soil between the crop rows directly killed weed seedlings due to the high 
temperature. Kumar et al. (2002) reported that above 80% of weeds were controlled by 
solarization until the tomato (Solanum lycopersicum L.) harvest. Prather et al. (2002) 
stated that various solarization treatments were equally efficient to control weeds 
in strawberry, with the number of weeds reduced by 86-94% and biomass of weeds 
decreased by 94-99%. 
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In addition to weed management, soil solarization can 
alter soil characteristics, enhance the decomposition and 
mineralization of organic matter and nutrient availability; 
the effect of solarization on soil traits can be improved with 
organic matter addition (Gelsomino et al., 2006; Grunzweig 
et al., 1999). Unfortunately, many nutrients can get bound 
up with soil particles and become unavailable to the crop. 
Availability of these nutrients has become more critical due 
to the high prices of fertilizers, the effect of fertilizers on 
the environment, and the decrease in the natural source 
of nutrients. High temperatures in the root zone can help 
unlock these nutrients and make them available for crop 
plants (Yan et al., 2012). Furthermore, the increasing trend 
of crop residues incorporation and other organic sources 
of fertilizers need strategies to enhance the decomposition 
process. High temperatures have a significant role in 
increasing the decomposition process (Bothwell et al., 
2014). Thus, in addition to weed control, an increase in 
temperature can also increase nutrient availability by 
unlocking the soil bonded nutrients and increasing organic 
matter decomposition. 

Sesame (Sesamum indicum L.) is an essential oilseed 
crop as it is used for edible oil purposes in Indo-Pak, 
commonly known as the “king of oil seeds” due to its high 
amount of oil content (50-60%) in the seed (Toan et al., 
2010). Globally, the major sesame-producing countries are 
India, Uganda, Bangladesh, Pakistan, Sudan, Myanmar, 
Thailand, and China (Alim, 2007). Pakistan is 9th in area 
and the14th in sesame production; this demonstrates the 
lower yield in Pakistan than other countries. Poor weed 
control is one of the primary reasons for low sesame yield 
in Pakistan (Ijlal et al., 2011). Weeds cause substantial 
yield losses in sesame under agroecological conditions of 
Punjab, Pakistan (Ijlal et al., 2011). 

Few studies are available on thermal weed control by soil 
solarizations worldwide, and no research is available under 
agroecological conditions of Punjab, Pakistan. Therefore, 
this study was conducted with the following objectives: 
(1) to identify the effective duration of soil solarization 
by transparent polythene sheet under agroecological 
conditions of Pakistan; (2) to examine whether the 
thermal weed control is helpful to increase soil nutrient 
availability and organic carbon; and (3) to understand the 
effect of solarization durations on growth, yield, and yield 
contributing traits of sesame.

2.	 Material and Methods

2.1  Site description

The experiment was carried out in the research field 
of the Department of Agronomy, University College of 
Agriculture, University of Sargodha, Punjab-Pakistan 
during the summers of 2016 and 2017. The experimental 
site is categorized as subtropical semi-arid. The soil was 
clay loam with good drainage. The air temperature during 

growing seasons was between 20.3 oC to 35.2 oC, and the 
total precipitation was 557-564 mm. 

2.2  Experiment design

The experiment was arranged in a randomized block 
design with three replications. The treatments comprised 
five soil solarization with transparent polythene sheets 
covering the soil surface for different durations (3, 6, 9, and 
12  weeks before sesame planting - var Punjab till 90). An 
untreated check without any weed control treatment was 
considered as the control. The experiment was laid out in 
a randomized complete block design with three replicates. 
The net plot size was 3 m × 1.8 m. 

The plots were covered with polyethylene film 
(thickness was 75  µm) before crop sowing as per-
treatment plan, and the edges of the sheet were buried in 
the soil to avoid the gaseous exchange. Films were placed 
so that there were no free air pockets inside the space 
between soil and polythene films. Atmospheric and 
soil temperature data of the treatments were recorded 
at weekly intervals using a digital thermometer at 10-
cm soil depth. The thermometer was inserted into films 
through a hole, and the temperature was measured, and 
then the holes were closed with scotch tape. 

Pre-soaking irrigation was applied before seedbed 
preparation. When soil moisture reached a suitable level, 
the seedbed was prepared by cultivating the soil three times 
with a tractor-mounted cultivator, and a rotavator was run 
at a depth of 12 cm. The sesame seeds were plantedin July 
in a single row using a manual hand drill seed at 5  kg of 
seeds per ha. Plant thinning was performed at the 4-6 leaf 
stage of the crop to maintain the plant-to-plant distance 
of 15  cm. All other agronomic practices were kept as per 
standard recommendations. Nitrogen and P2O5 were 
applied at 60 kg ha-1 as urea and diammonium phosphate, 
respectively. Plant protection measures were done to keep 
the crop field free from diseases and insects using Mancozeb 
75% WP at the rate of 600-800 g/acre and Bifenthrin 10% 
EC at 600  mL/ha. The crop was manually harvested at 
maturity in October.

2.3  Observations and statistical analysis

Parameters including soil and atmospheric temperature 
(the morning 9:00 am and evening 4:00 pm), soil nutrients 
(NPK) and organic matter contents, weed growth (weed 
density and biomass), crop growth and yield such asplant 
population m-2, plant height (cm), capsule per plant, 
seeds per capsule, 1,000-seeds weight (g), seed yield (ton 
ha-1), biological yield (ton ha-1) and harvest index were 
recorded. The data collected was analyzed statistically 
through STATISTIX 8.1® software using Fischer’s analysis 
of variance (ANOVA) technique (Steel et al., 1997), and 
means were compared by Tukey’s honestly significant 
difference (HSD) test.
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3.3  Effect of solarization treatments on soil organic matter (%)

The extension in soil solarization significantly increased 
the soil organic matter content. The organic matter ranged 
from 0.92 to 1.12%. The most efficient treatment in 
improving organic matter content was the soil solarization 
for 12 weeks before sowing (1.12% of organic matter), and the 
second most efficient treatment in increasing organic matter 
content was the solarization for nine weeks before planting 
(1.08% of organic matter) (Table 1). The untreated control 
showed the minimum organic matter content (0.92%). The 
enhancement in soil organic matter content by prolonging 
the soil solarization duration was probably due to the rapid 
decomposition of plant residues in the soil. Bothwell et 
al. (2014) concluded that an increase in soil temperature 
effectively increased organic matter decomposition. Golzardi 
et al. (2015) and Khan et al. (2012) also reported an increase 
in organic matter by increasing the soil solarization duration. 

3.4  Efficacy of solarization treatments to control weeds in sesame

The weed density m-2, weed biomass, and weed control 
efficiency were significantly affected by different soil 
solarization treatments (Table 2). Maximum weed density 
(26.75 m-2) was measured in the control treatment. The 
significant decline in weed density m-2 started from soil 
solarized for three weeks before sowing. Minimum weed 
density (5.50 m-2) was noted from soil solarization for 
12 weeks before sowing, followed by a weed density of 
8.25 as reported in soil solarization for nine weeks before 
sowing. Soil solarization treatments significantly affect 
weed biomass. By increasing the soil solarization duration 
from 0 to 12 weeks before sowing, weed biomass showed 
a gradual decline. The weeds biomass ranged from 16.50 
to 46.5 g m-2. The maximum weed biomass (46.5 g m-2) 
was noted with control plots (un-solarized). Minimum 
weed biomass (16.50 g m-2) with maximum weed control 
efficiency (64.5%) was recorded with soil solarization for 12 
weeks before sowing, followed by 24.7 g m-2 weed biomass 
with weed control efficiency of 46.7%, as observed with soil 
solarization for nine weeks before sowing. 

3.	 Results and Discussion

3.1  Soil and atmospheric temperatures

Air and soil evening temperatures during all 12 weeks 
of solarization remained higher than their corresponding 
morning temperatures (Figure 1). However, these 
differences were enormous for soil temperature compared 
to air temperature. The maximum morning (37.7  oC) and 
evening (41  oC) air temperatures were recorded in the 9th 
and 6th week, respectively. However, the highest morning 
and evening soil temperatures (42.6  oC  and  52.7  oC, 
respectively) were observed during the 12th and 10th weeks 
of study, respectively. The maximum rise in temperature 
(10 oC) of soil compared with non-solarized soil occurred in 
the 10th week of study. 

The increase in temperature in solarized plots (5-10 oC) 
occurred because of the transparent polythene sheet that 
captured light from the sun and trapped it inside in the 
form of heat, thus increasing soil temperature. These results 
are in agreement with those of Arora and Yaduraju (1998), 
Khan et al. (2012), and Sahile et al. (2005), who reported the 
increase in soil temperature up to 10 oC by the application 
of soil solarization with a transparent polythene sheet.

3.2  Effect of solarization treatments on soil NPK contents 

The solarization treatments caused a significant 
increase in nitrogen (N), phosphorus (P), and potassium 
(K) of the soil (Table  1). The maximum soil N  (0.71%), 
P  (9.63 ppm), and K (166.1 ppm) contents were recorded 
with soil solarization for 12 weeks before sowing, which was 
followed by soil solarization for nine weeks before sowing. 
Minimum soil N (0.47%), P (7.42 ppm), and K (124.8 ppm) 
contents were noted in control plots. The increase in the 
soil nitrogen content by soil solarization was due to the 
enhanced decomposition of organic matter that released 
inorganic N in the soil. These results are in line with those 
of Khan et al. (2012), who reported significant differences 
in tomatoes’ soil N content. Law et al. (2008) reported that 
soil solarization increased nitrogen availability as NH4-N 
and NO3-N to NH4-N released from nitrification of soil 
microbial biomass. Law et al. (2008) and McGovern et al. 
(2013) reported that soil phosphorus content rose by 
increasing the soil solarization duration. 

Table 1 - Effect of solarization treatments on soil NPK and 
organic matter contents.

Soil solarization 
durations (weeks 
before sowing)

Soil N 
(%)

Soil P 
(ppm)

Soil K 
(ppm)

Soil O.M.
(%)

0 0.47 d* 7.42 d 124.8 e 0.92 c

3 0.49 d 7.75 cd 132.5 d 0.95 c

6 0.58 c 8.15 c 144.1 c 1.00 b

9 0.62 b 8.71 b 154.0 b 1.08 a

12 0.71 a 9.63 a 166.1 a 1.12 a

HSD (at 5% 
probability) 0.0320 0.5605 5.5433 0.0441

*Means in the same column sharing the same letter do not differ signi-
ficantly at 5% probability level according to Tukey’s honestly significant 
difference (HSD) test. 
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By increasing the solarization durations from three to 12 
weeks, the sesame growth was gradually increased. The 
enhancement in sesame growth and yield contributing 
traits by prolonging soil solarization durations might result 
from better vegetative growth on account of the reduction 

Reduction in weed density by increasing the soil 
solarization period was probably due to the increase 
in temperature to a level that decayed weed seed bank 
and killed germinating seedlings of most of the weeds 
present. Previous studies in various crops also showed 
that by increasing the period of polythene sheet spread 
on the soil surface before crop sowing, weed density 
was significantly reduced (Khan et al., 2003; Kumar 
et al., 2002; Marenco and Lustosa, 2000). Kumar and 
Sharma (2005) reported that 90% of Cyprus spp. were 
controlled by soil solarization for 32 days in potato. Up 
to 50% reduction in weed density by soil solarization at 
a depth of 5 cm was mentioned in carrots by Marenco 
and Lustosa (2000). Above 80% of weeds were controlled 
by solarization until the tomatoes harvest (Kumar et al., 
2002). Soil solarization for two months reduced 90% 
weed population and increased weed control percentage 
with the rising duration of soil solarization in lettuce 
and soybean (McGovern et al., 2013).

The decline in weed biomass in response to the extension 
in soil solarization period before sowing was attributed to 
reduced weed density. Golzardi et al. (2014) described that 
soil solarization for six weeks before sowing was sufficient 
to decrease weed biomass significantly in soybean. Khan 
et al. (2012) and Singh (2006) also reported that weeds’ 
biomass gradually reduced by increasing the cauliflower’s 
soil solarization duration.

3.5  Effect of solarization treatments on sesame and yield 
contributing traits 

The thermal treatments caused a significant effect on 
plant height, the number of capsules per plant, seed per 
capsule, and 1,000-seed weight of sesame (Figure 2). Soil 
solarization for 12 weeks before sowing caused a significant 
increase in plant height (114.9 cm), the number of capsules 
per plant (244.60), seed per capsule (54.95), and 1,000-
seed weight (2.91 g) of sesame as compared to shorter 
solarization durations (Figure 2). Control (un-solarized) 
treatment produced the lowest response to these traits. 

Table 2 - Effect of solarization treatments on weed 
control efficacy in sesame.

Soil solarization 
durations 
(weeks before 
sowing)

Weed 
density 

(m-2)

Weed 
biomass 

(g m-2)

Weedcontrol 
efficiency

 (%)

0 26.75 a* 46.5 a

3 15.25 b 35.75 b 23.11

6 8.50 c 28.25 c 39.24

9 8.25 c 24.75 c 46.77

12 5.50 c 16.50 d 64.50

HSD (at 5% 
probability) 3.87 5.11

*Means in the same column sharing the same letter do not differ signi-
ficantly at 5% probability level according to Tukey’s honestly significant 
difference (HSD) test. 
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in weed infestation and improvement in soil NPK and 
organic matter contents. Our results are in accordance with 
those of Díaz-Hernández et al. (2017), who noticed that 
tomatoes’ plant height was increased by extension in soil 
solarization durations. Benlioglu et al. (2005) and Gul et 
al. (2013) also measured significant enhancement in plant 
height by prolonging soil solarization with a transparent 
plastic sheet before sowing. 

The rise in the number of capsules plant-1 of sesame 
from increasing solarization durations was due to the 
reduction in weed infestation during the flowering stage 
and an increase in NPK availability by soil solarization. 
Benlioglu et al. (2005) and Stevens et al. (1990) reported 
that the number of capsules per plant increased by soil 
solarization because solarization increased the soil 
fertility, which ultimately affected the yield parameters 
positively and increased the number of capsules per plant.

The improvement in the number of seeds capsule-1 of 
sesame by the extension of the soil solarization period 
might result from a reduction in weed density during the 
capsules growth stage and increased NPK availability by 
soil solarization. Our results are in line with Benlioglu et 
al. (2005) and EL-Keblawy and Al-Hamadi (2009), who 
reported that with increasing soil solarization duration, 
the number of seeds capsule-1 increased significantly.

The enhancement in 1,000-seed weight noticed by 
increasing soil solarization duration might result from 
better seed development and increased NPK availability. 
Díaz-Hernández et al. (2017) and McGovern et al. (2013) 
reported an increase in 1,000-seed weight and seed yield by 
prolonging the summer season’s soil solarization periods. 

3.6  Effect of thermal weed control treatments on sesame yield

Sesame biological and grain yield were gradually 
increased at and beyond six weeks of solarization (Table 3). 
The maximum biological yield (2.70 ton ha-1) and grain 
yield (0.57 ton ha-1) were produced from soil solarization 

for 12 weeks before sowing, followed by 2.5 ton ha-1 and 
0.53 ton ha-1 under soil solarization for nine weeks before 
sowing, respectively. The soil solarization treatments 
caused up to a 33.69% increase in sesame grain yield. The 
minimum biological yield (2.1 ton ha-1) and grain yield (0.43 
ton ha-1) were recorded with the control (non-solarized). 

The increase in biological and grain yield of sesame by 
extending the period of soil solarization was due to efficient 
weed control that reduced weed crop competition and 
increased growth and yield contributing traits of sesame. 
Our results are in the agreements with EL-Keblawy and Al-
Hamadi (2009) and McGovern et al. (2013), who reported 
an increase in biological yield and seed yield in soybean by 
prolonging the soil solarization duration.

The positive relationship of seed yield with plant height 
(R2 = 0.6788), number of capsule-1(R2 = 0.7814), number 
of seeds capsule-1 (R2 = 0.7928) and 1000-seed weight (R2 
= 0.6637) indicated by regression analysis Figure (1). The 
current results are strengthened by Ghosh and Dolai (2014) 
and Khan et al. (2012), who stated that crop yield rose by 
increasing soil solarization durations.

4.	 Conclusions

The soil solarization treatments with polythene sheets 
provided effective control of weeds (up to 64% efficacy), 
enhanced soil fertility, soil organic matter, sesame growth, 
and yield (up to 34%) under agro-ecological conditions of 
Punjab, Pakistan. The effect was gradually increased with an 
increasing solarization duration, and 12-week solarization 
before sowing was most effective.
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Table 3 - Effect of solarization durations on biological and 
seed yield of sesame.

Soil solarization durations 
(weeks before sowing)

Biological yield 
(ton ha-1)

Seed yield
(ton ha-1) 

(percentincrease)

0 2.14 d* 0.43 b

3 2.22 d 0.44 b (2.35)

6 2.36 c 0.53 a (23.8)

9 2.50 b 0.53 a (23.9)

12 2.71 a 0.57 a (33.6)

HSD (at 5% probability) 114.75 68.26
*Means in the same column sharing the same letter do not differ signi-
ficantly at 5% probability level according to Tukey’s honestly significant 
difference (HSD) test. 
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