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Abstract— The experiment was conducted to investigate the effect of nano-silica application methods on the growth,
physiological responses and yield of maize (Zea mays L.). The field experiment was conducted at the Agronomy Field
Laboratory, Department of Agronomy and Agricultural Extension, University of Rajshahi, from November 2021 to April 2022.
Silica nano powder (<100 nm particle size (TEM), >98% trace metals basis) was brought from Sigma-Aldrich was used for this
experiment. The experiment consists of two nano Si application periods as 8-10-leaves stage or early stage, E and taselling stage
or late stage, L and in four nano-silica application methods as soil application, SA; foliar application, FA, soil application +
foliar application, SA+FA and control or without silica application, CK. Treatments were replicated three times and arranged in
Randomized Complete Block Design (RCBD). Standard irrigation and fertilization schedule as well as other cultivation
procedures were followed during the experiment. Results revealed that most of the growth characters (plant height, leaf area,
total dry matter production and crop growth rate), physiological parameters (relative leaf water content, canopy cover and
chlorophyll content) yield contributing characters (cob length, number of grains cob™, 1000-grain weight, stover yield and
biological yield) and yield (grain yield) was highest for early stage nano silica application, and the values are much effective
with foliar application. Highest grain yield (6.82t ha™), stover yield (8.92t ha™) and biological yield (15.74t ha™) were found at
early nano silica application. Considering application methods highest cob length (29.10cm), no of grain per cob™ (562.1), 1000
grain weight (296.2 gm), grain yield (6.91t ha™), stover yield (8.66t ha™), biological yield (15.57 t ha™) and harvest index
(44.39%) was found for foliar application method. The interaction effect of nano Si application stage and application methods
did not show any significant influence except no. of grains cob™ and grain yield. Considering maximum progressive response in
maize. it can be recommended that foliar application of nano Si (@15 kg/ha) at the early growth stage (8-10 leaf stage) would be
the best practice for maize production in experimental areas.

Keywords— nano silica; maize growth; Canopy cover; leaf color code.

1. Introduction

Nanotechnology is revolutionizing agriculture and food
production, potentially dramatically modifying existing
agricultural practices. The majority of agrochemicals used on
crops are lost and do not reach their intended destination due
to a variety of causes, including leaching, drifting, hydrolysis,
photolysis, and microbiological degradation. Nanoparticles
can be used to encapsulate and deliver nutrients, fertilizers,
and pesticides to plants more efficiently. This targeted
delivery system can reduce waste, and improve nutrient
uptake. Therefore, several nano compounds have recently
piqued the interest of agricultural researchers, and nano-
silicon (nSi) is one of the useful nanomaterials for crop
production, as reported by several authors.

Silicon is not considered an essential major nutrient for most
plants, but it is beneficial and can be accumulated in plants at
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higher concentrations than some essential nutrients. Silicon is
regarded as a "beneficial element" because it can improve
plant growth, health, and resistance to various stresses. While
silicon is not required for all plants to complete their life
cycle, many plants can take up and accumulate silicon when
it is available in the soil [2].

It promotes upright stature, prevents lodging, increases leaf
exposure to light, provides resistance to bacterial and fungal
diseases [3], salinity [4] heavy metal toxicity [5] and
influences the accumulation of nitrogen, phosphorus, and
other essential elements in plant tissue [6]. Not only has
silicon supply been effective in the rhizosphere, but silicon
supplementation in the form of external foliar treatments has
also proven to increase the pathogen resistance of plant
species [7]. Most soils contain significant amounts of this
element, but repeated cropping can reduce plant-available Si
levels to the point where supplemental Si fertilization is
required to maximize crop yield [8].
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Nano silica is more reactive than bulk silica, thus it is
regarded as a novel approach for plant growth. Smaller
quantities of silica nanoparticles (SNPs) would be effective in
improving crop growth and development [9]. Nano silica can
improve plant root absorption of essential nutrients such as
silicon (Si) as well as other macro and micronutrients,
resulting in increased plant growth. However, silicon-
deficient plants are often structurally weaker with abnormal
growth and more susceptible to biotic and abiotic stresses
than Si-rich plants. Nano silica can be used as a foliar spray
or a soil amendment. Both methods have advantages and
disadvantages, and the type of nanoparticles, crop
requirements, and soil type frequently determine the best
approach. However, foliar application allows for targeted
delivery to leaves, while soil amendment may be more
appropriate for long-term effects on nutrient availability.
More research is required to fully comprehend the effects of
nanoparticle use and develop safe and effective applications.
The timing of nano silica application can also influence its
impact on crops. Early nano silica application can stimulate
early root growth, resulting in more extensive and robust root
systems. This improved root development allows seedlings to
access nutrients and water more efficiently. Application of
nano-silica during late growth stages can improve drought
tolerance even further, allowing plants to complete their life
cycle even in difficult dry conditions. It can help enhance
harvest quality by promoting uniform ripening and mitigating
the effects of stressors on grain quality.

Maize is one of the most widely grown cereal crops globally,
with a high level of production and consumption. It provides
a significant source of calories for millions of people. Maize
is an important crop for addressing food security and
nutritional needs around the world because of its adaptability,
versatility, and economic importance. Its importance in global
agriculture and trade is highlighted by its role in human and
animal diets and various industrial applications. Maize is
vulnerable to a variety of abiotic stresses, including drought,
heat, and nutrient imbalances. Nano silica can improve the
plant's tolerance to these stresses. It acts as a protective
barrier against water loss, reduces oxidative stress, and aids in
the maintenance of cell membrane integrity, improving
maize's resistance to adverse environmental conditions.
Research [10] shows that nano-silica can activate plant
defense mechanisms against fungal and insect pests,
potentially reducing reliance on harmful chemical pesticides.
Nano-silica has the ability to bind and transport essential
nutrients such as phosphorus and nitrogen within the maize
plant, making them more available for growth and
development. This has the potential to reduce fertilizer
requirements as well as environmental impact. We focus on
examining the effect of nano-silica on maize growth,
physiological properties and yield. The application schedule
of nutrients is also an important factor that ensures available
nutrient demand during critical periods and maximum
nutrient uptake rates in corn occurred between the 8-leaf to
tassel emerging stage and again from silking to the dent stage.
Therefore, the present study aims to investigate growth,
physiological responses, yield components and yield of maize
subjected to soil, foliar or both applications of nano silica at
two different growth stages.
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2. Experimental Procedure

Experimental treatments and growth condition:

The experiment took place from November 2021 to April
2022 at the Agronomy Field Laboratory, Department of
Agronomy and Agricultural Extension, University of
Rajshahi, Rajshahi, Rajshahi-6205, Bangladesh, during the
Rabi season. Geographically, the experimental field was
located between 24°17'-24°31'N latitude and 88°28" to
88°43'E longitude, with a height of 20m above sea level and
belonged to Agro-Ecological Zone 11. Hybrid maize variety
ACI-3110 was used in the experiment. The experiment
includes two nano-silica application periods: 6-8 leaves stage
or vegetative growth stage (V) and tasseling or reproductive
growth stage (R), as well as four nano-silica application
methods: soil application (SA), foliar application (FA), soil
application + foliar application (SA+FA), and control or no
silica application, CK. All (8) treatments were replicated
three times and organized in a Randomized Complete Block
Design (RCBD). Each unit plot occupied an area of 16m2
(4m x 4m) and the total unit plots were 24.

Preparation of spray materials: Silicon nanopowder (<100 nm
particle size (TEM), >98% trace metals basis) was brought
from Sigma-Aldrich and was used for this experiment.
Silicon nano powder was measured as equivalent to 15 kg ha-
1 for each experimental plot. 500ml of distilled water was
stirred gently with a magnetic stirrer to prepare the spray
solution. In the case of foliar application, nano-silica was
sprayed uniformly so that all leaves could be sprayed
homogeneously. A  corresponding amount of silica
nanopowder was applied with irrigation water in case of soil
application.

Standard agronomic practices for hybrid maize cultivation
were followed. The crop was fertilized with Urea, TSP, MoP,
gypsum, and boric acid, which provided nitrogen,
phosphorus, potassium, sulfur, and boron at rates of 540, 240,
240, 240, 15, and 5 kg ha-1. The first application included
half of the urea and all fertilizers. The leftover urea was
divided and applied at 30 and 60 (DAS).

Before harvest, five randomly selected plants per plot were
uprooted to measure growth parameters (plant height, leaf
area, total dry matter, crop growth rate), physiological
parameters (relative water content, canopy cover, chlorophyll
content), and yield-contributing traits (cob length, grains per
cob, 1000-grain weight, grain yield, stover yield, biological
yield, harvest index).

Experimental crops were harvested by plot on 10 April 2017.
Before harvest, 2m?2 plant samples were randomly uprooted
for data recording. Harvested crops were bundled, tagged,
and taken to a clean threshing floor.

Measurement of relative water content (RWC)
Relative water content (RWC) was assessed using a fully
expanded leaf following these procedures. [11]
(fresh weight — dry weight)
RWC (2%) = {

+ 100
(turgid weight - dry we:’ght]} 1)
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Measurement of canopy cover (%)

To determine canopy efficiency using photoshop software,

images of leaf shades were picked using a digital camera. The

image files were saved in computer hard drive and opened

with Adobe Photoshop CS; software and data were recorded

after following steps

1) Lighting and the shaded area of the Photoshop worksheet
were cropped using ‘Crop tool’.

2) The areas of the shades were selected via ‘Magic wand
tool’.

3) Pixels where picture area and shade were recorded and
canopy cover was calculated using the following
formula- (Figure.1)

ixels of shaded area
Canopy cover (36) = (p J

pixels of whole area
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Figure 1. (a) Measurement of canopy efficiency (%) using Adobe Photoshop
CSs. (b) Selection of shaded pixels using ‘Magic wand tool’ Finding pixel
value of shades. (c) Selection and pixel count from the total area.

Canopy Determination of leaf chlorophyll content
(ChNRrgg)Digital image analysis based on the red, green and
blue (RGB) color code model was used to determine leaf
chlorophyll content [12]. Images of the leaf samples were
scanned using HP Scanjet G2410 (Figure 2a). Scanned
images were then opened with Microsoft Paint software. To
measure leaf greenness, RGB Picker software was used
finally chlorophyll content (ChNggg) Was calculated using the
following formula as described in [12]. (Figure.2)

ChNpgg = G — R,-"rz - B,"rg
3)
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Figure 2: (a) Image of scanned leaf. (b) Measurement of the composition of
red, blue and green colors using RGB color finder.

Statistical analysis

Data were analyzed using ANOVA, and mean differences
were determined with DMRT, utilizing the MSTAT-C
statistical software package [13].

3. Results and Discussion

Plant growth parameters

Plant height: Plant height of maize plants for nano silica
application at different growth stages (early and late) was
measured on 60, 90, 120, and days after sowing (DAS) and is
shown in Table 1. At 30 DAS, the plant height did not differ
significantly between early and late nano silica application,
but it was influenced considerably at 60, 90, and 120 DAS
(Table 1). Because the first application of nano silica was
made at 45 DAS, there was no discernible difference in plant
height at 30 DAS. However, after being treated with nano Si,
maize plants showed vigorous growth that was sustained until
maturity (Tablel). Plant height was 125.62, 216.25 and
227.25 cm for early application of nano silica at 60, 90 and
120 DAS, respectively. For the late application of nano-silica,
the corresponding plant heights were 124.78, 208.38, 221.41
and 231.53 cm. Previous research [14], [15] claims that silica
has a progressive influence on leaf expansion and plant
growth. Silica is an important component of plant cell walls.
Silica can be used to strengthen plant cell walls, making them
more rigid and providing structural support. This is especially
true during the vegetative growth stage, when plants actively
produce new cells and expand in size. Enhanced cell wall
strength can help plants withstand mechanical stress, such as
wind or heavy rain, which is especially important during
vegetative growth when the plant is rapidly growing.
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During our experiment, maize plants treated with nano Si at
an early growth stage started rapid growth, and it was
maintained up to maturity. However late application of nano
Si might not work properly because all leaves were expanded
when it was applied.

Considering nano Si application methods (Soil application,
SA; Foliar application, FA; Soil + Foliar application, SA +
FA and control or without application, CK. Progressive
effects on plant height were observed at 90 and 120 DAS
(Table 1).

At 90 DAS, the tallest plant (216.4cm) was measured for FA,
which was identical to SA+FA and SA but significantly
5.40% higher than CK (control). At 120 DAS, the highest
plant height (231.3cm) was observed for FA, which was 2.12,
3.82 and 6.74 % higher than SA, SA+FA and CK,
respectively. Foliar applications of different microelements
are well known for their effectiveness [16], including Si [17].
The present research also recommends foliar application of
nano Si as it influences plant height significantly compared
with other application methods. Plants can absorb nutrient
elements rapidly if applied to the leaves. Leaves possess
transcuticular pores and stomata that allow nutrient sprays to
penetrate plant cells. These pores, located on both leaf
surfaces and always open, are the main entry points for foliar
nutrients. Stomata, predominantly found on the underside of
leaves, provide another entry route when open and sprayed on
[18].

Plant height was not statistically significant due to interaction
between different application periods and application
methods (Table 1). At 60 DAS, the highest plant height
(128.21cm) was observed for the interaction of L and SAFA
and the lowest plant height (119.31cm) was observed for the
interaction of L and CK. At 90 DAS, the highest plant height
(223.33cm) was found for the interaction of E and FA and the
lowest plant height (203.77cm) was observed for the
interaction of L and CK. At 120 DAS, the highest plant
height (236.0 cm) was observed for the interaction of E and
FA and the lowest plant height (216.15cm) was noticed for
the interaction of L and CK. The above results show that
early application of nano Si is more effective for maximizing
plant height if applied through foliar spray. Several previous
reports [14], [19] also claimed similar observations for
different crops.

Leaf area (LA)

The total leaf area (cm?®) of maize plants were measured on
30, 60 and 90 days after sowing (DAS) are presented in Table
1. The total leaf area (cm?) did not differ significantly due to
early or late application of nano Si at 30 and 90 DAS but was
significantly influenced at 60 DAS (Tablel). Total leaf area
was found 269.15, 3149.09 and 11037.61cm® for early
application of nano Si at 30, 60 and 90 DAS respectively. For
late application of nano Si, the corresponding values were
261.26, 3121.87 and 10496.69cm?.

Considering nano Si application methods, no remarkable
difference in total leaf area was observed at 30 and 60 DAS.
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Foliar application of nano Si showed progressive effects in
total leaf area at 90 DAS (Tablel). At 90 DAS, the highest
leaf area (11380cm?) was measured for FA which was 3.93,
7.97 and 1157 % higher than SA, SA+FA and CK,
respectively. The total leaf area (cm?) was not significantly
influenced by the interaction between different application
periods and application methods (Tablel). At 30 DAS, the
highest leaf area (275.00cm?) was achieved by the interaction
of E and FA and the lowest leaf area (255.87cm?) was from
the interaction of L and CK. At 60 DAS, the highest leaf area
(3232.57cm?) was observed for the interaction of L and FA
and the lowest LA (3012.15 cm?) was observed for the
interaction of L and CK. At 90 DAS, the highest LA
(11923.55cm?) was recorded for the interaction of E and FA
and the lowest leaf area (10198.38cm?) was recorded for the
interaction of E and CK.

Our observation found that the leaf area of the maize plant
increased significantly with the early application of nano Si.
Silicon is well known to increase leaf area, supporting leaf
growth and expansion [20]. Expanded leaves are responsible
for light interception, leaf photosynthesis and crop growth
and development [21]. Nutrient availability is also essential
for leaf growth and expansion [22]. Foliar application of Si is
absorbed quickly, making it available to plants to support
higher leaf area as described by [23].

Total dry matter production (TDM)

Total dry matter (TDM) differed marginally due to early or
late application of nano Si at 30 and 60 DAS, but
significantly at 90, 120 and 140 DAS (Tablel). After the
application of nano Si at 30 DAS, maize plants started to
grow rapidly and were continuously maintained up to the end.
Total dry matter (TDM) was found 123.88, 260.88, and
337.69gm™ for early application of nano Si at 90, 120 and
140 DAS, respectively and 114.08, 252.44 and 316.44gm™
total dry matters was recorded for late application of nano Si
at 90, 120 and 140 DAS, respectively.

Results revealed that total dry matter production increased
progressively with the advancement of time. Considering
nano Si application methods, no remarkable difference in
total dry matter (TDM) was observed at 30 and 60 DAS.
Foliar application of nano Si showed progressive effects on
TDM at 90 to 140 DAS (Table 1). At 90DAS, the highest
total dry matter (127.5gm™) was produced for FA which was
5.6, 7.87 and 16.12% higher than SA, SA+FA and CK,
respectively. At 120 DAS, total dry matter (273.7gm™) was
observed for FA, which was 5.96, 5.96 and 15.78 % higher
than SA, SA+FA and CK, respectively. At 140 DAS, highest
total dry matter (346.9gm™) was observed for FA which was
4.90, 5.02 and 15.48% higher than SA, SA+FA and CK,
respectively. There are no remarkable effects observed on
total dry matter (TDM) due to interaction between different
application periods and application methods (Table 1).
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Table 1: Effect of nano silica applied at different growth stages , application methods and their interactions on Plant height, LA, TDM and CGR

Plant height Leaf area (LA) Total Dry Matter (TDM) Crop Growth Rate (CGR)
2 -2 -2 -1
Growth (cm) cm gm g m* day
stages 60 90 120 30 60 90 30 60 90 120 140 3060  60-90  90-120 1124%
(DAS) (DAS) (DAS) (DAS) (DAS) (DAS) (DAS)  (DAS) (DAS) (DAS) (DAS) (DAS)  (DAS) (DAS) (DAS)
E 125.62a 216.25a 227.25a  269.15a 3149.09 11037.6la 2.56 22.58 123.88a  260.88a  337.69a 3.49 175 24.63 12.57
L 124.78b  208.38b  221.41b  261.26b  3121.87  10496.69b 2.56 21.66  114.08b  252.44b  316.44b 3.48 17.05 24.46 12.54
LS *k *k *k *k NS *k NS Ns *k *k *k NS NS NS NS
Application methods
SA 123.8 213.6a 226.5b 267.55 3094.61 10540c 2.583 22.48 118.2b 258.3b 330.7b 3.55 17.06ab 24.98a 1291
FA 126.6 216.4a 231.3a 267.43 3229.23 11380a 2.57 22.27 127.5a 273.7a 346.9a 3.51 18.76a 26.06a 13.05
SA+FA 127.2 213.9a 222.8¢c 269.35 3169.2 10950b 2.57 21.92 120.4b 258.3b 330.3b 3.45 17.55ab  24.58ab  12.85
CK 123.2 205.3b 216.7d 256.5 3048.87 10200d 2.508 21.68 109.8¢c 236.4c 300.4c 3.42 15.72b 22.56b 114
LS NS wx wx NS NS wx NS NS wx wx *x NS *x *x NS
Interaction
E SA 127.78 216.77 228.41 272.18  3109.38 10734.5 2.57 23.33 123.27 263 343.33 37 17.89 24.65 12.47
EFA 127.78 223.33 236 275 3225.89  11923.55 2.577 22.07 133.07 278.4 363.34 3.47 19.7 26.09 13.68
FAESA 126.22 218.1 227.19 27229 317547  11294.01 2.553 2177 128.4 264.43 342.58 3.42 16.74 245 12.68
E CK 127.12 206.81 217.3 257.13 3085.59 10198.38 2.517 21.3 110.79 237.67 301.52 3.35 15.65 23.27 11.44
L SA 119.73 210.5 224.43 26291  3079.85  10336.94 2.597 21.63 1131 253.6 318.12 3.39 16.22 25.3 13.35
L FA 124.99 209.47 226.61 259.87 3232.57 10845.31 2.563 22.47 121.97 268.97 330.44 3.55 17.81 26.01 12.42
SAIT:A 128.21 209.77 218.45 266.4 3162.92 10605.57 2.587 22.07 112.33 252.07 318.05 3.47 18.35 24.66 13.03
LCK 119.31 203.77 216.15 255.87  3012.15  10198.95 25 22.07 108.9 235.13 299.18 3.49 15.78 21.85 11.36
LS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS
CV% 414 1.96 1.66 6.74 3.6 4.18 1.46 3.97 6.26 3.44 3.29 4.53 7.01 5.95 17.88

In a column, figures having similar letters (s) or without letters (s) do not differ significantly. E=Early growth stage (8-10-leaves stage), L= Late growth stage (tasseling

stage) SA=Soil application, FA= Foliar application SA+FA= Soil application + Foliar application, CK=control,

Co-efficient of variation, DAS= Days after sowing

From Table 1, at 30 DAS, the highest total dry matter
(2.597gm™) was produced for the interaction of L and SA and
the lowest total dry matter(2.50gm™) was produced for the
interaction of L and CK. At 60 DAS, the highest Total dry
matter (23.33gm™) was observed for the interaction of E and
SA and the lowest total dry matter (21.30gm™) was observed
for the interaction of E and CK. At 90 DAS, the highest total
dry matter (133.07gm™) was produced for the interaction of E
and FA and the lowest total dry matter (108.90gm™) was
produced for the interaction of L and CK. At 120 DAS, the
highest total dry matter (278.40gm™) was observed for the
interaction of E and FA and the total dry matter (235.13gm™)
was observed for the interaction of L and CK. At 140 DAS,
the highest TDM (363.34gm™?) was observed for the
interaction of E and FA and the lowest total dry matter
(299.18gm™®) was observed for the interaction of L and CK.

Dry matter production of a crop is related to biotic and abiotic
factors, including nutrient availability. Although Si is not
considered as an essential nutrient element, it plays an
important role in maize growth, leaf area development and
ultimately higher yield [24]. During our research, maize
growth was found to be highest with early application of nano
Si, and it was more effective if applied through foliar spray.
Similar findings were further supported by [23], [25] in corn
and wheat plants.

Crop growth rate (CGR)

Crop growth rate (CGR) gm™day™ of maize plants for the
application of nano silica at different growth stages (Early
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NS= Non significant, **= Significant at 1% level of probability, CV=

and Late) was measured on 30-60, 60-90, 90-120 and 120-
140 days after sowing (DAS) are presented in Table 1. The
CGR showed a non-significant effect due to early or late
application of nano Si at any growth stages. Crop growth rate
(CGR) was found 3.49, 17.5, 24.63and 12.57 gm™day™ for
early application of nano Si at 30-60, 60-90, 90-120 and 120-
140 DAS, respectively. For late application of nano Si, the
;:orrelsponding CGR was 3.48, 17.05, 24.46 and 12.54gm’
day .

Considering nano Si application methods, no remarkable
difference in crop growth rate was observed at 30-60, and
120-140 DAS, but it was significantly higher for foliar
application at 60-90, 90-120 DAS (Tablel). Results showed
that at 60-90 DAS, the highest crop growth rate (18.76gm-
2day™) was found for FA, which was identical to SA+FA and
SA but significantly 19.33% higher than CK or without
application of Si. At 90-120 DAS, the highest crop growth
rate (26.06 gm2day™) was found for FA, which was identical
to SA+FA and SA but significantly 15.51% higher than CK
or without application of Si. No significant effect was found
due to the interaction between different application periods
and methods on Crop growth rate (CGR) (Tablel). During the
period of 30-60 DAS the highest crop growth rate (3.70gm™
day™) was observed for the interaction of E and SA and the
lowest crop growth rate (3.35gm™ day™) was observed for the
interaction of E and CK. At 60-90 DAS the highest CGR
(19.70 gm™ day™) was observed for the interaction of E and
SA+FA and the lowest CGR (15.65gm™ day™) was observed
for the interaction of E and CK. At 90-120 DAS, the highest
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CGR (26.09 gm™ day™) was observed for the interaction of E
and FA and the lowest CGR (21.85gm™ day™) was observed
for the interaction of L and CK. At 120-140 DAS, the highest
CGR (13.68gm™ day™) was observed for the interaction of E
and FA and the lowest CGR (11.36gm™ day™) was observed
for the interaction of L and CK. Crop growth rate is a useful
indicator for the justification of different treatments. During
our findings, CGR was found to be maximum with early
application of nano Si and its foliar application. Both factors
are also responsible for higher plant height, leaf area and dry
matter production. Total dry matter production is the key
component for CGR calculation. Thus CGR increases with
the increase of TDM.

Nano Si application methods have no remarkable effect on
relative leaf water content at 30 and 120 DAS, but they
showed a negative effect on foliar application of nano Si at 60
and 90 DAS (Table 2). At 60 DAS, the highest relative leaf
water content (89.36%) was observed for CK, which
decreased by 2.51, 4.70 and 5.86 % for SA, SA+FA and FA,

Vol.10, Issue.7, Jul. 2024

respectively. At 90 DAS, the highest RLWC (88.46) was
found in CK which decreased significantly by 1.61%, 5.47%
and 6.73%for SA, SA+FA and FA, respectively.

The interaction between different application periods and
application methods failed to show any significant effect on
relative leaf water contents (RLWC) (Table 2). At 30 DAS,
the highest relative leaf water content (91.24%) resulted from
the interaction of L and CK, and the lowest relative leaf water
content (86.62%) resulted from the interaction of E and
SA+FA. At 60 DAS, the highest relative leaf water content
(89.56%) was observed for the interaction of E and CK and
the lowest relative water content (82.47%) was observed for
the interaction of E and FA. At 90 DAS, the highest relative
water content (89.64%) was found for the interaction of E and
CK and the lowest relative leaf water content (82.47%) was
found for the interaction of E and FA. At 120 DAS, the
highest RLWC (85.49%) was observed for the interaction of
E and CK and the lowest RLWC (79.09%) was observed for
the interaction of LA and FA.

Table 2: Effect of nano silica applied at different growth stages, application methods and their interactions on RWC, CE and ChNggg of maize

Growth Relative water content (RWC)% Canopy cover (%) Chlorophyll content (ChNggg)
stages 30 DAS 60 DAS 90 DAS 120 DAS 60 DAS 90DAS 120 DAS 60 DAS 90 DAS 120 DAS
E 88.39 85.70a 86.52a 82.65a 71.50a 81.2 85.02a 72.23 75.33 56.07a
L 88.89 87.17b 84.29b 81.32b 68.37b 80.25 81.25b 72.08 75.53 54.29b
LS NS *%k *%x *%x *%x NS *%* NS Ns *%
Application methods
SA 89.32 87.11b 87.034a 82.64 69.43b 79.53b 82.08b 70.35 75.08 53.72
FA 87.38 84.12c 82.51c 79.88 73.44a 84.70a 86.41a 77.12 80.13 60.27
SA+FA 86.93 85.16¢ 83.62¢c 80.88 72.13a 80.33b 84.97a 74.3 76.15 55.85
CK 90.92 89.36a 88.46a 84.54 64.76¢ 78.35b 79.06¢C 66.85 70.35 50.88
LS NS el kel NS okl el el NS NS NS
Interaction
E SA 89.14 86.09 88.39 83.62 70.69 79.85 84.4 68.3 74.67 53.77
EFA 87.2 82.47 84.01 80.66 75.8 86.73 89.43 78.6 80.5 60.7
E FASA 86.62 84.69 84.04 80.84 74.15 80.32 87.29 74.67 76.07 59.17
E CK 90.61 89.56 89.64 85.49 65.35 77.92 78.95 67.3 70.1 50.63
L SA 89.51 88.13 85.68 81.66 68.16 79.22 79.77 724 75.5 53.67
L FA 87.55 85.76 81.02 79.09 71.07 82.68 83.39 75.6 79.77 59.83
L SAFA 87.25 85.63 83.2 80.92 70.1 80.35 82.66 73.93 76.23 52.53
L CK 91.24 89.16 87.27 83.6 64.17 78.77 79.16 66.4 70.6 51.13
LS NS NS NS NS NS NS NS NS NS NS
CV% 1.93 2.4 221 3.61 5.46 4.93 3.61 4.84 5.06 6.1

In a column, figures having similar letters (s) or without letters (s) do not differ significantly; .E=Early growth stage (8-10-leaves stage), L= Late growth stage
(tasseling stage) SA=Soil application, FA= Foliar application SA+FA= Soil application + Foliar application, CK=control, NS= Non significant, **= Significant
at 1% level of probability, CV= Co-efficient of variation, DAS= Days after sowing.

Although most of the previous growth parameters showed
progressive influence for early application of nano Si and
foliar spray, some negative correlations were observed in
RLWC. Relative leaf water content is a useful parameter
indicating leaf moisture contents; it has a negative correlation
with leaf expansion [26]. During our observation, both early
application of nano Si and foliar spray showed progressive
influence in developing leaf area. Expanded leaves are
responsible for higher transpiration rate [27]. This might be
the reason for reducing RLWC in maize leaf treated with
early application of nano Si and foliar spray.
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Canopy cover (%)

Results showed that the canopy cover (%) was not
significantly affected due to early and late application of nano
Si at 90 DAS, but it was significantly influenced at 60 and
120 DAS (Table 2). Canopy efficiency was 71.50 and 85.02%
for the early application of nano Si at 60 and 120 DAS,
respectively and 68.37 and 81.25% for the late application of
nano Si at 60 and 120 DAS. In view of nano Si application
methods, foliar application of nano Si showed progressive
effects on canopy efficiency (%) at 60, 90 and 120 DAS
(Table 2). At 60 DAS, the highest canopy efficiency
(73.44%) was found for FA, which was 1.81, 5.78 and
13.40% higher than SA, SA+FA and CK, respectively. At 90
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DAS, the highest canopy efficiency (84.70%) was observed
for FA, which was 5.44, 6.50 and 8.10 % higher than SA,
SA+FA and CK, respectively. At 120DAS, the highest
canopy efficiency (86.41%) was noticed for FA, which was
1.69, 5.27 and 9.3% higher than SA, SA+FA and CK,
respectively. Canopy efficiency was not statistically
significant due to interaction between different application
periods and application methods (Table 4). At 60 DAS, the
highest canopy efficiency (75.80 %) was recorded for the
interaction of E and FA and the lowest canopy efficiency
(64.17%) was recorded for the interaction of L and CK. At 90
DAS, the highest canopy efficiency (86.73 %) was found for
the interaction of E and FA and the lowest Canopy efficiency
(77.92 %) was found for the interaction of E and CK. At 120
DAS, the highest canopy efficiency (89.43%) was observed
for the interaction of E and FA and the lowest canopy
efficiency (78.95%) was observed for the interaction of E and
CK.

Canopy efficiency is a very important parameter closely
related to leaf photosynthesis, weed suppression and crop
growth. A higher leaf area is necessary to maximize canopy
efficiency [28]. The Influence of nano Si on leaf development
and expansion would be the reason for maximizing canopy
efficiency of maize treated with early application of nano Si
and foliar spray.

Chlorophyll content (ChNggg)

Chlorophyll content (ChNggg) in maize leaves for the
application of nano silica at different growth stages (Early
and Late) were measured on 60, 90 and 120 days after sowing
(DAS) (Table 2). The Chlorophyll content did not differ
significantly due to early and late application of nano Si at 60
and 90 DAS but it was significantly influenced at 120 DAS
(Table 2). Chlorophyll content was found 56.07 and 54.29 for
early and late application, respectively for nano Si at 120
DAS. Considering nano Si application methods no
remarkable difference in chlorophyll content was observed at
all observations (60, 90 and 120 DAS). At 60 DAS, the
highest chlorophyll content (77.12) was measured for FA and
the lowest chlorophyll content (66.85) was measured for CK.
At 90 DAS, the highest value (80.13) was observed for FA
and the lowest value (70.35) was observed for the CK. At 120
DAS, the highest chlorophyll content (60.27) was obtained
from FA and the lowest chlorophyll content (50.88) was
obtained for CK. The interaction effect of different
application periods and application methods of nano Si was
not statistically significant in respect to chlorophyll content
(Table 4). At 60 DAS, the highest chlorophyll content (78.6)
was obtained from the interaction of E and FA and the lowest
(66.40) was in the interaction of L and CK. At 90 DAS, the
highest chlorophyll content (80.50) was observed for the
interaction of E and FA and the lowest chlorophyll content
(70.10) was observed for the interaction of E and CK. At 120
DAS, the highest chlorophyll content (60.70) was observed
for the interaction of E and FA and the lowest chlorophyll
content (50.63) was observed for the interaction of E and CK.
The chlorophyll content is an important physiological
parameter that increases the photosynthesis rate and thus,
crop growth and development [29]. During our observation,
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Si was found to be less effective for chlorophyll contents in
maize leaves. Silicon Is Related to Increase chlorophyll
content [30]

Yield components and yield of maize

Cob Length

Cob length of maize for the application of nano silica at
different growth stages (Early and Late) are presented in
Table 3. Cob length did not differ significantly due to early or
late application of nano Si and the highest value (28.27cm)
was produced for early application of nano Si and the lowest
(27.05 cm) was for late application. Nano Si application
methods remarkably affected maize cob length, especially for
foliar application (Table 3). The highest cob length (29.10
cm) was observed for FA, which was significantly 3.81, 6.08
and 11.62% higher than SA+FA, SA and CK, respectively.
Cob length was not statistically significant due to the
interaction between different application periods and
application methods (Table 6). However, the highest cob
length (29.96cm) was observed for the interaction of E and
FA and the lowest value (25.78cm) was in the interaction of L
and CK.

Number of grains per cob

Applying nano silica at different growth stages (Early and
Late) significantly affected the number of grains per cob
(Table 3). The Maximum value was found (553.09) for early
application and the minimum value (518.43) for late
application of nano Si. Considering the number of grains per
cob, nano Si application was influenced significantly (Table
3). The highest number of grains per cob (562.1) was
observed for FA, which was 4.02, 4.20 and 12.17% higher
than SA, SA+FA and CK, respectively. The number of grains
per cob was statistically significant due to interaction between
different application periods and methods (Table 3). The
highest number of grains per cob (582.5) was obtained from
the interaction of E and FA and the lowest number of grains
per cob (496.2) was found for the interaction of L and CK.

1000 Grain Weight

There was a significant effect on the 1000-grain weight due to
early or late application of nano Si (Table 3). Maximum 1000
grain weight (288.55gm) was found for early application and
minimum value (283.74gm) was found for late application of
nano Si. According to all nano Si application methods,
signification variation was observed in 1000 grain weights
(Table 3). The highest 1000 grain weight (296.2gm) was
observed for FA, which was 2.49, 5.60 and 6.20% higher than
SA+FA, SA and CK, respectively. There was no remarkable
effect on 1000 grain weight due to the interaction between
different application periods and application methods (Table
6). However, numerically the highest 1000-grain weight
(301.20gm) was found in the interaction of E and FA and the
lowest value (278.77gm) was obtained for the interaction of E
and CK.

Grain yield

The grain yield did not differ significantly due to the early
and late application of nano Si (Table 3). Grain yield was
found to be 6.82t ha™ for the early application of nano Si and
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6.48t ha™ for the late application of nano Si. A significant
effect was seen with respect to grain yield due to being
affected by nano Si application methods. The highest grain
yield (6.91t ha®) was observed for FA, which was
significantly 2.83, 4.22 and 9% higher than SA+FA, SA and
CK, respectively (Table 3). The overall object of the
experiment was to develop a sustainable technique to predict

Vol.10, Issue.7, Jul. 2024

maize grain yield. Previous research [31], [32], [33] reported
increased grain yield for the application of Si. Grain yield
was significantly influenced by the interaction between
different application periods and application methods (Table
3). The highest grain yield (7.24t ha™) was observed for the
interaction of E and FA and the lowest grain yield (6.33t ha™)
was observed for the interaction of E and CK.

Table 3. Effect of nano silica applied at different growth stages , application methods and their interactions on yield components and yield of maize

Growth stages Cob length No. of grains 1000 grain Grain yield Stover yield Biological yield Harvest index
(cm) cob™ weight (@) (tha) (tha™) (tha™) (%)
E 28.27 553.09 288.55a 6.82 8.92 15.73a 43.32
L 27.05 518.43 283.74b 6.48 8.16 14.64b 44.28
LS NS NS *x NS NS el NS
Application methods
SA 27.43c 540.4b 280.5b 6.63b 8.5 15.13 43.85ab
FA 29.10a 562.1a 296.2a 6.91a 8.66 15.57 44.39%b
SA+FA 28.03b 539.4b 289.0ab 6.72b 8.64 15.36 43.40ab
CK 26.07d 501.1c 278.9b 6.34c 8.34 14.7 43.15b
LS *x *% * ** NS NS *
Interaction
E SA 28.24 565.4ab 280.2 6.76b 8.73 15.49 43.67
E FA 29.96 582.5a 301.2 7.24a 9.21 16.45 44.01
E FASA 28.52 558.5bc 294.03 6.92b 9.31 16.24 42.63
E CK 26.36 505.9de 278.77 6.35de 8.43 14.78 42.95
L SA 26.63 515.4de 280.73 6.50cde 8.28 14.78 44.04
L FA 28.25 541.7c 291.28 6.58¢c 8.12 14.64 4477
L SAFA 27.53 520.3d 284.02 6.52cd 7.97 14.49 44.97
L CK 25.78 496.2¢ 278.93 6.33e 8.28 14.62 43.34
LS NS *x NS *x NS NS NS
CV% 4.45 1.72 3.36 6.18 2.49 8.05 1.47

In a column, figures having similar letters (s) or without letters (s) do not differ significantly. E=Early growth stage (8-10-leaves stage), L= Late growth stage
(taselling stage) SA=Soil application, FA= Foliar application SA+FA= Soil application + Foliar application, CK=control, NS= Non significant, **=
Significant at 1% level of probability, CV= Co-efficient of variation, DAS= Days after sowing.

Stover yield

The stover yield was not significant for early and late
application of nano Si (Table 3). The Stover yield was found
to be 8.92t ha® for the early application of nano Si; for the
late application of nano Si, the stover yield was 8.16t ha™.
According to all nano Si application methods, no remarkable
difference in the stover yield of maize was observed (Table
3). The highest stover yield of maize (8.66t ha™) was
observed for FA and the lowest stover yield (8.36t ha™') was
observed for CK. Stover yield is an important parameter
because it has extra value for fodder, fuel, etc. Total biomass
productions are increased by the application of silica [34].
The combined effect of different application periods and
methods did not significantly influence Stover yield (Table
3). The highest stover yield (9.31t ha™) was obtained from the
interaction of E and SA+FA and the lowest value (7.97t ha™)
was obtained from the interaction of L and SA+FA.

Biological yield

Early and late application of nano Si showed a remarkable
effect on biological yield. The highest biological yield was
noted 15.73t ha™, for early application of nano Si, which is
7.52 % higher than late application of nano Si (Table 3). The
effect of nano Si application methods showed no remarkable
difference in the biological yield of maize was observed. The
highest biological yield of maize (15.57 t ha™) was produced
from FA and the lowest biological yield of maize (14.70t ha™)
was for CK (Table 3). The biological yield was not
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statistically significant due to the interaction between
different application periods and application methods (Table
3). The highest biological yield (16.45t ha™*) was produced for
the interaction of E and FA and the lowest biological yield
(14.62tha™®) was produced for the interaction of E and CK.

Harvest index

The harvest index did not differ significantly due to nano Si's
early and late application (Table 5). The Harvest index was
found to be 43.32% for the early application of nano Si and
44.28% for the late application of nano Si. Considering nano
Si application methods, a remarkable difference in harvest
index was observed (Table 3). The highest harvest index
(44.39%) was observed for FA which was 1.23, 2.28 and
2.87% higher than SA, SA+FA, and CK, respectively. The
Harvest index was not significant due to the interaction
between different application periods and application
methods (Table 6). Numerically the highest harvest index
(44.97%) was observed for the interaction of L and SA+FA
and the lowest harvest index (42.63%) was observed for the
interaction of E and SA+FA.

4. Conclusion and Future Scope

The possibility of successful growing of maize may offer a
partial solution of different difficulties by bringing more area
under cultivation or by increasing yield per unit area so,
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based on the research, maximum progressive response in
maize occurred with nano Si application at early stage with
foliar application methods it can be recommended that foliar
application of nano Si (@15 kg/ha) at early growth stage (8-
10 leaf stage) would be the best practice for maize production
in experimental areas. Based on our findings, it can be stated
that the present study is necessary because this research will
provide an improved silica fertilization technology for maize
production in Bangladesh.
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