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ABSTRACT

Spring maize is an important crop to meet the growing demand for maize. Moisture stress is an
important yield limiting factor during the dry spring period. Biochar and plastic mulch help in
soil moisture conservation and might contribute to the growth and yield of maize. A field
experiment was conducted to evaluate the effects of biochar application and plastic mulch on
growth, yield, and yield attributing characteristics of spring maize (Zea mays L.) in a sandy

Keywords

loam soil at Rampur, Chitwan, Nepal in 2018. The experiment was laid out in a split-plot design
BiOCha.r (SPD) with three replications. The Main plots were allocated to the mulching (mulching, and no
m::;:mg mulching) while the Subplot was to the biochar rates of O t/ha, 5 t/ha, 15 t/ha, and 25 t/ha.
Growth There were twenty-four plots of each plot size 4.8 x 1.5 m2 The grounded biochar passed
Yield through a 1 mm sieve and was applied in the well-prepared plots two weeks before seed sow-

ing. The maize seeds were sown at 60 cm row to row and 25 cm plant to plant distance. There
were no significant effects due to both factors on maize seed emergence, plant height, number
of leaves per plant, leaf area index, root length, dry matter content, stover yield, and yield
attributes. But the yield was significantly influenced by their interactions. Significantly highest
grain yield (2.58 t/ha) was obtained from 25 t/ha with plastic mulch followed by plastic mulch
with 15 t/ha biochar (2.06 t/ha) and the least was recorded from control plots (1.19 t/ha).
From the result, it can be concluded that the application of a higher biochar rate of 25 t/ha
with plastic mulch contributes to a higher yield of spring maize.

©2022 Agriculture and Environmental Science Academy

Citation of this article: Bishwakarma, S., Karkee, S. S., & Khanal, B. R. (2022). Effect of biochar and plastic mulch on growth, yield,
and yield attributing characteristics of spring maize (Zeamays L.). Archives of Agriculture and Environmental Science, 7(4), 571-576,
https://dx.doi.org/10.26832/24566632.2022.0704014

INTRODUCTION

Maize (Zea mays L.) is the second most important cereal crop in
our country. The demand for maize grain is increasing due to the
increased demand for maize for the poultry and livestock indus-
tries, as well as an increase in the country's population (Ghimire
etal., 2018). Spring maize is one of the important interventions
to meet the growing demand of the country. The yield of the
crop during this season is limited by high temperatures resulting
in moisture stress. Water stress due to drought is probably the
abiotic factor limiting the growth
and development of plants and crops (Khalili et al., 2013). In

most  important

Nepal, low soil fertility, and poor soil moisture are considered

the important factors responsible for the low productivity of
maize (Govind et al., 2015). Maize production during spring is
largely related to soil water. Low soil water availability due to
high evaporation can significantly reduce crop growth. Applica-
tion of biochar in soil and covering the soil surface with mulch
might help in soil moisture conservation.

Biochar is a carbon-rich product obtained when biomass such as
wood, manure, or leaves is heated at relatively low tempera-
tures (<700°C) in a closed container with little or no available
air (Lehmann and Joseph, 2009). The use of biochar as a soil
amendment has been growing as it has the potential to boost
soil fertility by raising soil pH, increasing water and nutrient
holding capacity, improving cation exchange capacity, and
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making a more suitable habitat for soil microorganisms
(Lehmann et al., 2006). The application of biochar significantly
increases total soil porosity, and readily available water (Qian
etal., 2020). Ahmed et al., (2017) found that the application of
biochar in coarse sandy soil improved the water content of the
soil due to an increase in porosity. Another benefit associated
with biochar is its ability to sequester carbon from the atmos-
phere and transfer it to soil (Laird, 2009). Similarly, mulching is
the practice of covering the soil to make favorable conditions
for plant growth, development, and efficient production. It may
have many purposes in agriculture, but moisture conservation
and erosion control are the most important objectives. Besides
this, it also helps to suppress weeds and raises the soil tempera-
ture. Plastic mulches are completely impermeable to water;
therefore, it prevents direct evaporation of moisture from the
soil and thus limits water losses and soil erosion over the
surface. Igbal et al. (2020) reported that mulch can effectively
minimize water vapor loss, soil erosion, weed problems, and
nutrient loss. In this regard biochar and plastic mulch which
have combined effects to improve soil properties can be one of
the better options for increasing maize productivity of spring
maize.

MATERIALS AND METHODS

The experiment was conducted at the research block of Agricul-
ture and Forestry University, Rampur, Chitwan, Nepal from 31
March 2018 to 6 July 2018. The geographical location of the
experimental site is at 27°37' N latitude and 84°25' E with an
elevation of 228 meters above sea level. The experimental field
was fallow before the experiment. The soil was sandy loam, pH
value of 5.89, and with low organic matter content (0.85%).
Similarly, the total nitrogen, available phosphorus, and
exchangeable potassium were 0.13%, 54.25 kg ha'%, and 289.06
kg ha™ soil respectively. The total rainfall during the crop season
was 122.16 mm and the relative humidity ranged from 75.0% to
80.0%. The mean maximum temperature during the experi-
mental period ranged from 30.84°C to 23.73°C. The crop sown
for the experiment was maize and the variety was Arun-2. The

experiment was carried out in a split-plot design (SPD) with
three replications. The Main plots were allocated to the mulch-
ing (mulching, and no mulching) while the Subplot was to the
biochar rates (0 t/ha, 5 t/ha, 15 t/ha, and 25 t/ha). In each repli-
cation, main plot treatments were first randomly assigned fol-
lowed by a random assignment of the subplot treatments within
each main plot. There were twenty-four plots of each plot size
4.8 x 1.5 m2 The grounded biochar passed through a 1 mm sieve
and was applied in the well-prepared plots two weeks before
seed sowing. The maize seeds were sown at 60 cm row-to-row
and 25 cm plant-to-plant distance. There were altogether eight
rows with six plants in each row (viz. forty-eight plants in each
plot). Among forty-eight plants, five plants were tagged for data
collection from all experimental units. The bio-morphological
characters of five tagged plants were recorded at the different
specified periods. Similarly, after crop harvest data on yield and
yield attributes were recorded. The data were first tabulated in
Microsoft Excel and analyzed using R-studio. Means separation
was done using Duncan’s Multiple Range Test (DMRT) at 1 %
and 5% levels of significance (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Number of seed emergence

The results showed relatively higher seed emergence from plas-
tic mulch plots compared to non-mulch plots (Figure 1), this
might be due to increased topsoil temperature (Snyder et al.,
2015). The relatively higher emergence might also be attributed
to the restriction of soil water from evaporation (Zhou et al.,
2009).

Plant height

There was no significant difference in plant height due to bio-
char and Plastic mulch (Table 1). In the later stage plot treated
with a high dose of biochar and plots with plastic mulch pro-
duced relatively higher plant height as compared to non-mulch.
Rajablariani and Sheykhmohamady (2015) observed that plastic
mulch improved soil temperature and moisture, prevented the
loss of nutrients, and developed a soil microclimate favorable for
the growth and development of the crop.
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Figure 1. Number of maize seeds emerged as influenced by plastic mulch and biochar respectively at different growth periods at Rampur, Chitwan,
Nepal, 2018.
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Table 1. Biochar and mulching effects on plant height at different growth periods of maize at Rampur, Chitwan, Nepal, 2018.

Treatments Plant height (cm)

30_DAS 45_DAS 60_DAS 75_DAS 90_DAS
Mulching
Plastic mulch 98.65 197.70 231.60 240.95 217.65
No mulch 93.40 192.45 226.62 237.80 209.55
LSD (0.05) 15.73(NS) 17.07 (NS) 11.78 (NS) 14.90 (NS) 16.95 (NS)
Sem (%) 15.36 5.18 14.98 15.32 8.79
C.V.(%) 19.6 3.3 8 7.8 5
Biochar
Ot/ha 96.37 190.3 223.27 231.93 206.57
5t/ha 91.80 193.1 226.60 234.60 214.40
15t/ha 100.93 202.1 237.03 24240 21643
25t/ha 95.00 194.8 229.53 248.57 217.00
LSD (0.05) 23.32(NS) 25.06 (NS) 16.55 (NS) 20.58 (NS) 25.26 (NS)
Sem (%) 15.06 16.98 9.59 12.73 16.89
C.V.(%) 19.2 10.7 5.1 6.5 9.7
Grand mean 96.03 195.08 229.11 239.38 213.6

Treatment means in columns followed by common letters (s) are not significantly different from each other based on DMRT at a 5 % level of

significance.

Table 2. Biochar and mulching effects on number of leaves at different growth stages of maize at Rampur, Chitwan, Nepal, 2018.

Number of leaves

Treatments 30_DAS 45_DAS 60_DAS 75_DAS 90_DAS
Mulching

Plastic mulch 7.77 10.65 11.13 9.63 8.48
No mulch 7.15 9.78 10.38 8.75 8.33
LSD (F0.05) 0.59 (NS) 0.99 (NS) 0.62 (NS) 0.78 (NS) 0.58 (NS)
Sem (%) 0.57 0.29 0.83 0.76 0.89
CV. (%) 104 114 9.5 10.2 13.1
Biochar

Ot/ha 7.37 9.77 10.13 9.00 8.06
5t/ha 7.40 10.30 10.63 9.16 8.30
15t/ha 7.53 10.40 11.07 9.23 8.63
25t/ha 7.53 10.40 11.20 9.37 8.63
LSD (0.05) 0.96 (NS) 1.55(NS) 0.90 (NS) 1.29 (NS) 0.82(NS)
Sem (+) 0.56 0.59 0.56 0.82 0.49
C.V. (%) 9.3 7.2 6.4 10.9 7.2
Grand mean 7.46 10.22 10.76 9.19 8.41

Treatment means in columns followed by common letters (s) are not significantly different from each other based on DMRT at 5 % level of significance

Number of leaves per plant

Plastic mulch and different doses of biochar showed a relative
increase in the number of leaves per plant but the result was
statistically nonsignificant (Table 2). From biochar plots number
of leaves showed a relative increase with increasing rates of
application which was similar to Ndor, et al., (2015) stated that
there was no significant difference in the number of leaves and
plant height in both years of trial with the application of biochar,
however, increased application of biochar resulted in a relative
increase in both parameters. The relative increase in the num-
ber of leaves with increased levels of biochar might be due to
the higher availability of nutrients and liming effect of biochar.

Root length

There were no significant effects on the length of maize root due
to mulching and different levels of biochar (Table 3). The length
of maize root was found relatively longer in plots with higher

rates of biochar and from mulched plots. The reason might be,
the addition of highly porous biochar makes the soil more
porous in nature which permitted more growth of the root. It
was found that the numbers and length of maize roots were
significantly higher with the addition of biochar at the rate of
200 gm/pot compared to the control (Ndor et al., 2016). Similar-
ly, plastic mulch increased the soil temperature and conserved
moisture that helped in the growth of roots.

Above ground dry matter accumulation

The mean above-ground dry matter of maize due to mulching
and different doses of biochar were 0.65 t/ha, 2.54 t/ha, and
5.03 t/ha at 30, 45, and 60 days of sowing (Table 4). There were
no significant effects on above ground dry matter content of
maize due to mulching and different levels of biochar however,
it was relatively higher in both cases.
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Table 3. Biochar and mulching effects on root length at different growth periods of maize at Rampur, Chitwan, Nepal, 2018.
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Root length (cm)

Treatments 30_DAS 45_DAS 60_DAS
Mulching

Plastic mulch 17.40 18.65 20.76
No mulch 16.51 16.88 20.58
LSD (0.05) 2.12 (NS) 2.31(NS) 1.93(NS)
Sem () 2.38 4.86 1.19
C.V.(%) 17.2 33.5 7.1
Biochar

Ot/ha 16.13 17.03 19.72
5t/ha 17.05 17.53 20.42
15t/ha 17.22 17.55 20.96
25t/ha 17.44 18.93 21.59
LSD (0.05) 3.13(NS) 3.52 (NS) 2.84 (NS)
Sem (&) 2.16 1.73 2.16
C.V. (%) 15.6 11.9 12.8
Grand mean 16.96 17.76 20.67

Treatment means in columns followed by common letters (s) are not significantly different from each other based on DMRT at 5 % level of

significance.

Table 4. Biochar and mulching effects on above ground dry matter at different growth periods of maize at Rampur, Chitwan,

Nepal, 2018.
Above ground dry matter (t/ha)

Treatments 30_DAS 45_DAS 60_DAS
Mulching
Plastic mulch 0.65 2.59 541
No mulch 0.64 2.49 4.65
LSD (0.05) 0.21(NS) 0.91(NS) 1.06 (NS)
Sem (+) 0.19 1.42 1.17
C.V.(%) 37.3 68.4 28.5
Biochar
Ot/ha 0.62 211 4.39
5t/ha 0.63 2.54 4.90
15t/ha 0.65 2.58 5.21
25t/ha 0.69 2.94 5.63
LSD (0.05) 0.32(NS) 1.31(NS) 1.55 (NS)
Sem (+) 0.22 0.75 0.98
C.V. (%) 41.6 36 24
Grand mean 0.65 2.54 5.03

Treatment means in columns followed by common letters (s) are not significantly different from each other based on DMRT at 5 % level of

significance

Table 5. Biochar and mulching effects on root dry matter at different growth stages of maize at Rampur, Chitwan, Nepal, 2018.

Treatments Root dry matter (t/ha)

30_DAS 45_DAS 60_DAS
Mulching
Plastic mulch 0.25 0.64 0.69
No mulch 0.23 0.52 0.62
LSD (0.05) 0.09 (NS) 0.33(NS) 0.19(NS)
Sem (+) 0.05 0.57 0.05
C.V.(%) 27.3 120.2 9.7
Biochar
Ot/ha 0.17 0.38 0.54
5t/ha 0.24 0.56 0.55
15t/ha 0.27 0.66 0.69
25t/ha 0.27 0.71 0.85
LSD (0.05) 0.13(NS) 0.47 (NS) 0.25(NS)
Sem (+) 0.08 0.27 0.18
C.V.(%) 40.8 57.2 35.1
Grand mean 0.24 0.58 0.66

Treatment means in columns followed by common letters (s) are not significantly different from each other based on DMRT at 5 % level of significance
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Figure 2. Stover yield of maize as influenced by mulching and biochar respectively at harvest at Rampur, Chitwan, Nepal, 2018.

Table 6. Biochar and mulching effects on yield attributes of maize at harvest at Rampur, Chitwan, Nepal, 2018.

Ear diameter

Number of

Number of 1000 grain Grainyield

Treatments Ear length (cm) (mm) kernel row/ear kernel/row weight (gm) (t/ha)
Mulching

Plastic mulch 14.51 38.37 11.53 23.86 318.66 1.96
No mulch 13.04 38.01 11.83 20.47 305.89 1.41
LSD (0.05) 1.22 (NS) 2.06 (NS) 0.66 (NS) 3.63(NS) 18.37 (NS) 0.46 (NS)
Sem () 1.81 1.45 0.8 5.27 16.94 0.44
C.V. (%) 16.1 4.6 8.4 291 6.6 32.2
Biochar

Ot/ha 12.92 37.79 11.2 20.77 313.86 1.45
5t/ha 135 36.98 11.87 20.78 301.65 1.65
15t/ha 14.23 38.65 11.6 21.59 314.13 1.76
25t/ha 14.44 39.35 12.07 25.53 319.47 1.89
LSD (0.05) 1.90 (NS) 2.85(NS) 0.90 (NS) 5.25(NS) 27.35(NS) 0.74 (NS)
Sem (&) 1.08 1.77 0.44 342 16.55 0.26
C.V. (%) 9.6 5.7 4.6 18.9 6.5 19.2
Grand mean 13.77 38.19 11.68 2217 312.28 1.69

Treatment means in columns followed by common letters (s) are not significantly different from each other based on DMRT at 5 % level of significance.

Root dry matter

The data on root dry matter is influenced by biochar and mulch-
ing at different growth stages of maize (Table 5). There were no
significant effects on the total root dry matter of maize due to
mulching and different levels of biochar but it was relatively
higher in both cases.

Stover yield
There was no significant effect on the stover yield of maize due
to mulching and different levels of biochar (Figure 2). Plastic
mulch and different doses of biochar showed relatively higher
stover yield.

Yield and yield attributes

There was no significant effect on yield attributes of maize due
to mulching and different levels of biochar but they were rela-
tively higher as the rate of biochar increased and in mulched
plots (Table 6). The yield attributes of maize were relatively
increased with the plastic mulch and biochar doses. Pinjari et al.
(2009) reported that cob length, cob girth, number of grains per
cob, number of grain rows, and weight of grain per cob were
significantly higher under plastic mulch compared to no mulch.

The increase in cob length, 1000 grain weights, and grain yield
of maize might be due to better nutrient use efficiency under
rice husk biochar application (Islam et al., 2018).

The grain yield was significantly influenced by the interactions
between mulching and levels of biochar (Table 7). Significantly
the highest grain yield (2.58 t/ha) was obtained from 25 t/ha
with plastic mulch followed by plastic mulch with 15 t/ha bio-
char (2.06 t/ha) and the least was recorded from control plots
(1.19 t/ha). Higher yield of maize in a mulched plot with an
increased dose of biochar might be the greenhouse effect under
plastic mulch that significantly increased the top soil tempera-
ture and accelerated the maize growth and vyield (Pramanik
etal., 2015); Water content in topsoil becomes more stable as
evaporation is inhibited and transfer of water from deeper soil
layer to topsoil by capillary action, that results in increased
maize yield under plastic mulch (Li et al., 2013). Similarly, bio-
char helps in improving the physical and chemical properties of
soil (Major et al., 2010), accumulates high levels of soil organic
carbon that could enhance nitrogen efficiency and increase crop
productivity (Pan et al., 2009) and, Yamato et al. (2006) report-
ed that the maize yield was increased from 20 % -140 % with the
application of biochar in soil compared to control.
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Table 7. Grain yield of maize as influenced by the interactions between mulching and biochar doses at Rampur, Chitwan, Nepal,

2018.
. Grainyield (t/ha) Biochar
Mulching Y ( )
Ot/ha 5t/ha 15t/ha 25t/ha

Plastic mulch 1.31° 1.61 2.06° 2.58°

No mulch 1.19° 1.58™ 1.46° 1.69™
Treatment means in columns followed by common letters (s) are not significantly different from each other based on DMRT at 5 % level of
significance
Conclusion Laird, D. A, Brown, R. C., Amonette, J. E., & Lehmann, J. (2009). Review of the

The yield of spring maize was significantly influenced by the
interaction effect of biochar and plastic mulching but not by their
individual effect. Significantly highest grain yield (2.58 t/ha) was
obtained from 25 t/ha with plastic mulch followed by plastic
mulch with 15 t/ha biochar (2.06 t/ha) and the least was record-
ed from control plots (1.19 t/ha). Based on the result it can be
concluded that the application of 25t/ha biochar with plastic
mulching has a positive role in the growth and yield attributes of
maize, which increases the yield of spring maize.

Open Access: This is an open access article distributed under the
terms of the Creative Commons Attribution NonCommercial 4.0
International License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original author(s) or
sources are credited.
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