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ABSTRACT

Maize is an important crop in the world which is used as a food and in other beneficial items but several insect
pests produce harmful effects on the production of maize crop. Current work was done to evaluate the effect
of Silicon (Si) and Sulphur (S) alone and in combined form on physio-morphic traits and insect pest incidence
on maize plants under field condition. The concentrations of Si 0.4g, 0.6g, and 0.8g and S 0.4g and 0.8g were
tested against different insect pests of maize and its physio-morphic traits. Highest population reduction of
shoot fly (2.00+0.57) was observed in combined application of Si and S at highest dose rate while minimum
was recorded (6.33%1.45) at lowest dose rate of Si (0.4g) alone. Similarly trends in population reduction were
recorded for fall army worm, aphids and stem borer of maize. Similarly, significant difference in physio-morphic
characters was observed in all treatments. Highest increase in leaf length (97.90+1.18) was observed in
combined application of Siand S while at highest dose rate, while lowest was recorded at (60.06+0.91) lowest
dose rate of Si (0.4g) compared to control. Similarly, stem diameter, leaf width, plant height and trichome
density exhibited the same response towards treatments. It was found that in maize crop, both Si and S
enhances the physio-morphic characteristics and induce physical and mechanical defense against insect pest
and posed negative impact on insect pest incidence. Application of Si and S is a recommended as a promising
strategy to control insect pest to enhance crop production.
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INTRODUCTION

Maize (Zea mays L.) production continues to be
threatened by several insect pests and diseases (Alam
et al., 2021). From germination to maturity, the plant is
threatened by a number of insect pests such as shoot
fly (Atherigona spp.) (SHAH et al, 2023). At
germination, seeds are attacked by cutworms (Agrotis
ipsilon Rott.), wireworms (Melanotus communis
Gyllenhal), black field earwigs, false wireworms,
beetles such as African black beetle and maize stem
borer (Chilo partellus), corn aphid (Rhopalosiphum
maidis) (Khan et al., 2016). Fall armyworm (FAW)
attack on leaves and central shoots (Makgoba et al.,
2021; Ren et al., 2019; Zafar et al., 2020). In maize,
pesticides have been used to control weeds, insects,

and fungi across a broad range of applications to
improve crop yields (Salem, 2016). Injudicious use of
pesticides has serious effects like insecticide
resistance and resurgence, which kills beneficial and
harmful insects and damages the environment and
human health (Mane et al., 2020; Igbal et al., 2016;
Zafar et al., 2022; Razzaq et al., 2023).

Integrated management of 13 essential nutrients,
seven micronutrients (Fe, B, Mn, Cu, Zn, Cl, Mo) and six
macronutrients (N, Mg, K, Ca, P, and S), is typically
regarded by agronomists for sustainability and
increasing productivity (Aziz et al., 2002; Razzaq et al.,
2021). However, some elements are not essential, but
promote plant growth by changing physiological
processes and are said to be beneficial, such as Silicon
(Si) (Kamal et al., 2019; Ahmed et al., 2023).
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Maize is considered a high accumulator of Si as
compared to other crops in the grass family (Ahmed et
al., 2023). Plants treated with Si attract natural predators
to host insect herbivores. Si-amended plant tissues are
rigid, hard to chew and digest by insects (Zimba et al.,
2022). Si in plants provide structural strength as well as
play a role in biological processes, such as a regulating
role in the uptake of other plant nutrients; a role in
development and growth; particularly when plants are
vulnerable to abiotic stresses (salinity, drought, acidity,
etc.) and biotic stresses, because Si increases plant
resistance  (by encouraging defense reaction
mechanisms and decreasing injury from insects and
rodents due to strengthening of the plant, also acting as
an effective deterrent for herbivores (Guntzer et al.,
2012).

Plants without silicon are structurally weaker than
plants enriched with silicon, showing reduced growth,
reproduction, sustainability, and development. In
addition, they are more vulnerable to abiotic and biotic
stresses (Laane, 2018). It provides a mechanical barrier
against insect pests in monocots. Moreover, it has also
left no pesticide residue in the environment or in food,
and easily integrated with other management practices
and biological control against pests (Laing et al., 2006).
Sulphur (S) is considered a secondary nutrient in
agricultural production and is essential for amino acid
synthesis (Gill and Tuteja, 2011). Sulphar application
affects nitrogen uptake, stress resistance, grain yield,
and yield quality of plants. Its deficiency occurs in S-
demanding crops such as maize. Under water deficit
conditions, sulphur improves maize yield by increasing
photosynthesis and chlorophyll content. It is an
essential nutrient and is important in the synthesis of
proteins in plants along with nitrogen and phosphorus
(Ma et al., 2021). Involved in the synthesis of amino acids
(Métayer et al., 2008). It not only improves crop quality
but also improves crop management through its
positive effects on environmental stress, resistance
against pests and diseases (Njira and Nabwami, 2015). It
also improves the quality of fodder by reducing nitrate
levels in forages. Its deficiency symptoms in corn are
yellowing of the younger or new leaves, intervening
chlorosis, and reddening of stems and leaves first from
the leaf edges (Pagani and Echeverria, 2012).

Involves the production of plant growth hormones
for enhancing the growth of plants, such as an increase
in leaf length, height of plant, and the leaf area index
(Mishra et al., 2020). Its application also has an influence
on the yield attributes of maize, including the highest
cob length, cob weight, grain weight, number of
grains/cob, cob weight, cobs/plant, rows per cob (Ali et
al., 2013). It also increases nitrogen availability and
uptake by the plant, improves photosynthetic activity by
increasing chlorophyll content, and increases starch
utilization; all of these functions increase maize yield and
sustainability (Sutar et al., 2017; Mansoor et al., 2003).

The current study was designed with an aim to
evaluate host plant resistance by using silicon and
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sulphur on the basis of lower insect pest incidence and
to determine the physio-morphic basis of resistance in
maize against different insect pests.

MATERIALS AND METHODS

Maize Seed

Certified hybrid maize (Zea mays L.) seeds variety
DK-8148 Bayer Pakistan (Pvt) limited, were purchased
from the pesticides market.

Sources of Silicon and Sulfur

Sulphur was purchased from (FMC united Pvt.
limited) pesticides market and Silicon compound silicon
di oxide was purchased from a scientific store.

Experimental Site and Design

The field experiment was conducted in Department
of Entomology Islamia University of Bahawalpur,
Punjab, Pakistan (29.35¢ N latitude, 71.69¢ E longitude)
on silt-loamy soil. This research site lies in warm desert
climate, a mean annual temperature of about 25°C and
the annual average precipitation of 233 mm. The trails
were laid out in Randomized Complete Block Design
(RCBD) under the factorial arrangement with three
replications having a plot size of 3m x 2m.

Sowing of Maize

The current trails were performed in field conditions
at Department of Entomology Islamia University
Bahawalpur, Pakistan 2022. Plastic pots were filled with
2.5 kg of the soil and two seeds of maize were
germinated in each plastic pot containing (silty-loam)
soil. Sowing was performed on august 22" The have
been thinned to 1 plant/pot after seven days of seeding
and plants were further grown under the green house at
temperature of 25 °C, and at ambience sunlight. At the
sowing time, plants received Nitrogen, potassium and
phosphorus (N:P: K) at the rate of 60 mg/kg of soil. The
pots were protected with black plastic sheet to prevent
evaporation and exclude light from the roots. Plants
were irrigated in order to improve root development
before initiating treatments. The size of whole
experimental was 3m x 2m, and pot to pot distance was
20 cm respectively. Standard agronomic practices were
adopted in the greenhouse throughout the maize
growing season. Seedlings were then transferred to the
field. The experimental site was left open for natural
infestation of insect pests

Silicon and Sulfur Application

Treatments contained Si as Silicon dioxide (SiO2)
and Sulphur was applied by Foliar application method
(Table 1). Foliar treatments were applied using 200 mL
of water per treatment and base of plant covered with
plastic sheet to prevent soil absorption. The first Si and
S treatment was applied at to the plant after 25 days of
seedling emergence, while second application applied at
10 days interval. Total treatments were 11 each with



three replications and untreated plants were considered
as control check which received no silicon and Sulphur
amendment.

Data Collection

Insect Pest Infestation

The experiment was performed under field
conditions adopting in Randomized Complete Block
Design (RCBD) using Silicon and Sulphur alone and in
their possible combinations. The effects of Silicon and
Sulphur on different insect pest preference were
evaluated.

Statistical Analysis

To determine effect of treatments on the incidence
of different insect pests and the physio-morphic traits of
maize plant and the application of Si and S and their
interaction ware included as independent variables. For
data regarding population reduction was taken before
spray and after spray and calculated using following
formula:

% Population reduction =
Population before treatment — Population after treatent % 100
Populaion before treatment
The data analyzed by the one-way analysis of

variance (ANOVA) in software statistix 8.1 using LSD at
5% significance level.

RESULTS

The results of current study revealed that all the
tested treatments of both Silicon and Sulfur were
effective against shoot fly, Fall Army Worn (FAW), Chilo
partellus, and aphid on maize compared to the control.
Significant difference against shoot fly was observed in
all the treatments for sole as well as combined
treatment, after first application (Fu, 35= 5.06, P <0.05)
and second application (F Fu, 35= 8.00, P <0.05). Overall,
highest population reduction was observed in integrate
applications of SiO2 and S at highest dose rate both after
first (2.00+0.57) and second (0.66+0.33) application,
while minimum was recorded at lowest dose rate of Si
(6.33+1.45) compared to control (Fig. 1).

Significant difference against FAW was observed in
all the treatments for sole as well as combined
treatment, after first application (Fu, 35= 8.14, P <0.05)
and second application (Fu, 35= 9.66, P <0.05). Overall,
highest population reduction was observed in integrate
applications of Si and S at highest dose rate both after
first (0.66+0.33) and second (2.00+0.57) application,
while minimum was recorded at lowest dose rate of Si
(14.00#1.15) compared to control (Fig. 2).

Significant difference against Chilo partellus was
observed in all the treatments for sole as well as
combined treatment, after first application (Fu, 35= 5.49,
P <0.05) and second application (Fu, 35= 8.58, P <0.05).
Overall, highest population reduction was recorded in
integrate application of Si and S at highest dose rate
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Table 1: Treatments combination of Silicon and Sulphur tested
in the experiment
Treatment Sr. #

Treatment Combinations

T silicon dioxide=0.4 g

T, silicon dioxide=0.6 g

Ts silicon dioxide = 0.8g

T, Sulphur=0.6 g

Ts Sulphur=0.8g

Te silicon dioxide = 0.4 + Sulphur=0.6 g
T, silicon dioxide = 0.6 g + Sulphur=0.6 g
Ts silicon dioxide = 0.8 g + Sulphur=0.6 g
Ty silicon dioxide = 0.4 g + Sulphur=0.8 g
Tio silicon dioxide = 0.6 g + Sulphur 0.8 g
Tn silicon dioxide = 0.8 g + Sulphur=0.8 g
T Control

both after first (0.33%0.33) and second (1.33+0.33)
application, while minimum was recorded at lowest
dose rate of Si (12.00+1.73) compared to control (Fig. 3).

Significant difference against aphid was observed in
all the treatments for sole as well as combined
treatment, after first application (Fu, 35= 18.43, P <0.05)
and second application (Fu, 35= 15.70, P <0.05). Overall,
highest population reduction was observed in integrate
application of Si and S at highest dose rate both after
first (6.00+1.00) and second (9.66+1.85) application,
while minimum was recorded at lowest dose rate of Si
(40.66+4.91) compared to control (Fig. 4).

The results of current study revealed that all the
tested treatments of both Silicon and Sulfur were
effective on physiomorphic traits (Stem diameter, plant
height, leaf length, Trichome density, leaf width) of
maize compared to the control. Significant difference on
stem diameter was observed in all the treatments for
sole as well as combined treatment, 25 days after
second application (Fu, 35= 54.06, P <0.05). Overall,
highest growth rate of stem diameter was recorded in
combined application of Si and S at highest dose rate
(33.36%1.07) of applications, while minimum was
recorded at lowest dose rate of Si (17.25+0.72)
compared to control (Fig. 5).

Significant difference on Plant height (cm) was
observed in all the treatments for sole as well as
combined treatment, 25 days after second application
(Fn, 35= 107.61, P <0.05). Overall, highest growth rate of
plant height was observed in integrate application of Si
and S at highest dose rate (181.44+1.05) application,
while minimum was recorded at lowest dose rate of Si
(116.13%4.22) compared to control (Fig. 6).

Significant difference on leaf length (cm) was
observed in all the treatments for sole as well as
combined treatment, 25 days after second application
(Fn, 35= 34.76, P <0.05). Overall, highest growth rate of
leaf length was recorded in combined application of Si
and S at highest dose rate (97.90+1.18) application, while
minimum was recorded at lowest dose rate of Si
(60.06+0.91) compared to control (Fig. 7).

Significant difference on trichome density 2cm?
was observed in all the treatments for sole as well as
combined treatment, 25 days after second application
(Fu, 35= 51.31, P £0.05). Overall, highest growth rate of
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Fig. 1: Mean number (+SE) of
Shoot fly larvae and adults
10 days after first and
second application of Silicon
(Si) and Sulfur (S) alone and
in  combination.  Mean
followed by the same letters
on subsequent bars are not
significantly different; HSD
test P < 0.05, Silicon (Si) and
Sulfur (S) were applied; Tq
Si= 0.4g, T: Si= 0.6g, T;: Si=
0.8g, T4: S=0.6g, Ts: S= 0.8,
Te: To+Ta, Tyt T+ Ts, Ta: TotTs,
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Fig. 2: Mean number (+SE)
of Fall Army Worm (FAW)
larvae and adults 10 days
after first and second
application of Silicon (Si)
and Sulfur (S) alone and in
combination. Mean
followed by the same letters
on subsequent bars are not
significantly different; HSD
test P < 0.05, Silicon (Si) and
Sulfur (S) were applied; T¢
Si= 0.4g, T,: Si= 0.6g, T;: Si=
0.8g, T4: S=0.6g, Ts: S=0.8g,

T7
Treatment
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Fig. 3: Mean number (+SE)
of Chilo partellus larvae and
adults 10 days after first and
second application of Silicon
(Si) and Sulfur (S) alone and
in  combination.  Mean
followed by the same letters
on subsequent bars are not
significantly different; HSD
test P < 0.05, Silicon (Si) and
Sulfur (S) were applied; Tq
Si= 0.4g, T,: Si= 0.6g, T;: Si=
0.8g, T4: S=0.6g, Ts: S= 0.8,
Te: Ti+Ty, Ty2 Ty+Ts, Ta: TotT,,

T1 T2 T3 T4

T6
Treatments

T7

trichome density was recorded in integrate
application of Si and S at highest dose rate
(155.00%2.30) application, while minimum was
recorded at lowest dose rate of Si (116.00+2.64)
compared to control (Fig. 8).
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Significant difference on leaf width (cm) was
observed in all the treatments for sole as well as
combined treatment, 25 days after second application
(Fn, 35=126.06, P <0.05). Overall, highest growth rate of
stem diameter was observed in integrate application of
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Fig. 4: Mean number (+SE)
of Aphid larvae and adults
10 days after first and
second application of
Silicon (Si) and Sulfur (S)
alone and in combination.
Mean followed by the
same letters on
subsequent bars are not
significantly different; HSD
test P < 0.05, Silicon (Si)
and Sulfur (S) were
applied; Ti: Si= 0.4g, T.: Si=
0.6g, T3 Si= 0.8g, T, S=
0.6g, Ts: S= 0.8g, Te: Ti+T,,
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Fig. 5: Mean number (+SE)
of Stem diameter (cm) 25
days after second
application of Silicon (Si)
and Sulfur (S) alone and in
combination. Mean
followed by the same
letters on subsequent bars
are not  significantly
different; HSD test P
0.05, Silicon (Si) and Sulfur
(S) were applied; T Si=
0.4g, T Si= 0.6g, T Si=
0.8g, T4 S= 0.6g, Ts: S=
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Fig. 6: Mean number (+SE)
of Plant height (cm) 25
days after second
application of Silicon (Si)
and Sulfur (S) alone and in
combination. Mean
followed by the same
letters on subsequent bars
are  not  significantly
different; HSD test P <
0.05, Silicon (Si) and Sulfur
(S) were applied; T Si=
0.4g, T,: Si= 0.6g, Ts: Si=
0.8g, T4 S= 0.6g, Ts: S=
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Si and S at highest dose rate (13.43+0.37) application,
while minimum was recorded at lowest dose rate of Si
(7.00+0.11) compared to control (Fig. 9).

DISCUSSION

The purpose of our study was to investigate effects
of Silicon and Sulphur against insect pest incidence of fall
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army worm, aphid, shoot fly, Chilo partellus (Alam et al.,
2021) and also on the physiomorphic characteristics of
maize crop (Adhikary et al., 2010). Both Si sources K,SiOs
and SiO: cause a reduction in viability, increased growth
period, decrease biomass and lipase activity (Abbasi et
al., 2022). In leaves increased concentration of Si causes
instinctive stability and which increases the defensive
ability of plant against insects and the effecton the
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Fig. 7: Mean number (+SE)
of Leaf length (cm) 25 days
after second application of
Silicon (Si) and Sulfur (S)
alone and in combination.
Mean followed by the
I same letters on
subsequent bars are not
significantly different; HSD
test P < 0.05, Silicon (Si)
and Sulfur (S) were
applied; Ti: Si= 0.4g, Ta: Si=
0.6g, T3 Si= 0.8g, T, S=

Treatments
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Fig. 8: Mean number (+SE)
of Trichome density 2cm?
25 days after second
application of Silicon (Si)
and Sulfur (S) alone and in
combination. Mean
followed by the same
letters on subsequent bars
are  not  significantly
different; HSD test P
0.05, Silicon (Si) and Sulfur
(S) were applied; T Si=
0.4g, T Si= 0.6g, Tj: Si=
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Fig. 9: Mean number (+SE)
of Leaf width 25 days after
second application  of
Silicon (Si) and Sulfur (S)
alone and in combination.
Mean followed by the same
letters on subsequent bars
are not  significantly
different; HSD test P < 0.05,
Silicon (Si) and Sulfur (S)
were applied; Ty Si= 0.4g,
T.: Si= 0.6g, T;: Si= 0.8g, T,
S= 0.6g, Ts: S= 0.8g, Te
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development of fall army worm, shoot fly, aphid and
Chilo partellus was also detected. Si also play important
to induce plant resistance. Si produced negative effect
on insect development.

The toxic effects of Si treated plants is increase in
the rigidity and decrease in the digest ability of leaf
which reduce growth of larvae by the accumulation of
silicon material in cell wall of the plants. Sulphur, a major
macronutrient, is one of important nutrients that
enhance the plant growth. Sulphur mainly affects the
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Ti+ Ty, Ty Ty+Ts, Tae To4Ty, Tot
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physiomorphic properties in maize crop such as fresh
and dry weight, grain yield with enhance Height of
plants, width of leaves, stem diameter and trichome
density. Sulphur plays a key role in photosynthesis. In
the current research, we aim to protect the maize crop
from effects of different insects by using
macronutrients Sulphur and Silicon. Results of this study
showed that not only insect performance effected by
silicon or sulphur treatments but also show positive
affect on physio-morphic characteristics of maize plant.



Results of this work revealed that sole as well as
combined applications of silicon and sulphur affected
the physiomorphic characteristics of maize crop and
insect pest incidence. All the tested treatments of both
silicon and sulphur were effective against shoot fly
compared to the untreated plants. A remarkable effect
was observed for sole as well as combined treatment
after first application and second application. Overall
highest population reduction was observed in integrate
application of SiO2 and S at highest dose rate both after
first and second application while minimum was
recorded at lowest dose rate of Si compared to control.

Similarly all the treatments were effective against
fall army worm, aphid and Chilo partellus, greater
reduction in population of all insects was recorded in
combined application of (Si 0.4g+ s 0.6g), (Si 0.6g+S
0.6g), (Si0.8g+S 0.68), (Si0.4g+S 0.8g), (Si0.6g+S 0.8g),
(Si 0.8g+S 0.8g) while minimum was recorded at (Si
0.4g), (Si 0.6g), (Si 0.8g), (S 0.6g), (S 0.8g) lowest dose
rate of Si or S compared to control. Silicon and sulphur
proved effective for physio-morphic characteristic such
as height of plant, Length of leaf, Width of leaves, stem
diameter and trichome density of maize plant. Lesser
effect was recorded in term of trichome density.

Lowest increase in stem diameter (17.25 mm)
compared to control (15.49 mm) was observed at Si
(0.4g) while highest increase in stem diameter (33.36
mm) was observed in combined application of (Si 0.8g
+s 0.8g). Similarly, less improvement in plant height
(116.13 cm) as compared to normal was observed at Si
(0.4g) while highest increase (181.44 cm) was observed
in integrate application of SiO2 and S (0.8g+0.8g). In
case of leaf length lowest increase (60.06 cm) compared
to control (58.30 cm) was recorded at 0.4g Si while
maximum increase was observed in combined
application of Siand S (0.8g+0.8g). Lowest effect on leaf
width (7.00 cm) at 0.4 g Si compared to control 5.46 cm
while maximum difference in leaf width was observed in
combined application of Siand S (0.8g+0.8g).

Lowest effect at trichome density of 2cm? area of
leaf 116.00 trichome was recorded at 0.4g Si compared
to control 96.33 trichome while highest increase 155
trichome was observed in combined application of Si
and S (0.8g+0.8g). Overall significant difference was
recorded in all treatments of silicon and sulphur for sole
as well as combined treatments. Adult phase
parameters of fall army worm were affected when
treated with silicon and gibberellin acid. When plants
treated with these substances fed to the females
derived from larvae showed significant effect on their
fecundity. Si mostly affect the insect fecundity
(Alvarenga et al., 2017). Observed that fewer eggs were
produced per female from male and female pairs of fall
army worm which fed on silicon treated cotton leaves
(Silva et al., 2014). Indicated that Nilaparvata lugens (stal)
showed reduction in fecundity by feeding on silicon
treated rice plant. Silicon accumulation produced
significant effect on oviposition by which defence
metabolites activated and increased. Additional studies
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demonstrated that fecundity of insects (mainly of aphid)
reduces when treated with silicon (Yang et al., 2017).
Indicated that B. tabacci when fed with Sio. treated
plants increased longevity compared to the untreated
control (Abbasi et al., 2022). Significant difference was
observed on stem length, chlorophyll and enzyme
activity of maize plant. It is stated in many studies that
plants treated with silicon application shows significant
effect on growth of plant and their yield also (Haq et dl.,
2021). Silicon application of barley produces significant
increase in fresh weight (Dresler et al., 2015).

Dynamics and availability of sulphur are less studied
than other nutrients, while for crop production sulphur
is a vital nutrient (Rheinheimer et al., 2007) and produce
positive effect on growth parameters of maize crop.
Mostly sulphur is found in organic material and found
abundantly in upper layer. For plant growth and
development sulphur considered as an essential
nutrient because sulphur is a part of important
metabolic compounds such as glutathione, proteins,
amino acid and sulpho lipids (Duke and Reisenauer,
1986). Dry weight of maize increased with the increased
rate of sulphur, after which dry weight of maize
decreased, which occurs due to increased concentration
of Manganese and Zinc in soil and their take by maize
plant (Karimizarchi et al., 2015).

Yield of corn enhanced with use of Sulphur as
compared to untreated plants. Sulphur and nitrogen
have significant effect on the growth properties, oil
content and seed quality of two genotypes of soybean.
Various studies on sulphur cover the effects of sulphur
on maize or other beneficial crops. Sulphur mainly
increases the protein yield as we know it is a major part
of amino acids so it has a great impact on plant growth.
Our results show significant increase with increasing
dose of sulphur. Maximum increase is observed in plant
height compared to control so it is evident that sulphur
has greater effect on growth parameters of maize.
Growth is greatly enhanced with Sulphur applications
with significant improvement in Leaf width, Leaf length,
plant height, stem diameter and trichome density.

Conclusion

In this study we concluded that in maize crop, both
silicon and Sulphur present economically viable method
and environmentally friendly approach to insect pest
control. Integrated management of micronutrients for
sustainability and increasing productivity. Silicon or
Sulphur enhances the physio-morphic characteristics in
plant such as leaf of length, plant height, leaf width but
lesser effect on trichome density. Si and S induced
physical defense. Silicon or Sulphur both produce
positive effect in physiomorphic characters such as
growth, length and also reduce the insect pest
incidence. Silicon enhances plant resistance against
insect pest and produce rigidity in plants. Integrated use
of silicon and Sulphur will be valuable to increase crop
productivity and enhance insect pest resistance.
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