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ABSTRACT

A field trial was carried out on maize (Zea mays L.)
single cross (Pioneer 3080) variety in the Experimental
Farm, Faculty of Agriculture, Omar Al-Mukhtar
University, Al-Bayda, Libya during 2023 summer season
to evaluate the effect of foliar application of five nano-
silicon particles (NSP) concentrations, i.e., 1.5, 3, 4, 6 and 9
mg/ | besides the control treatment on maize growth, yield,
yield attributes and chemical components of grains under
three irrigation intervals (10, 17 and 24 days between
irrigations) at the beginning of the second irrigation till
harvest. Randomized complete block design in split plot
arrangement was used in three replications, where
irrigation intervals were randomly assigned to main plots
and (NSP) concentrations were randomly distributed in
sub-plots. Obtained results demonstrated that increasing
interval between irrigations up to 24 days significantly
decreased all the studied traits, except shelling percent and
harvest index. Conversely, all the studied characters
increased with increasing (NSP) concentrations, where
(NSP) applications with 6 or 9 mg/ | produced the highest
LAI (4.45 and 4.42) tallest plants (218.33 and 221.90 cm),
highest shelling percent (80.73 and 81.83 %), high harvest
index (41.57 and 43.32 %) and grain nitrogen content (1.52
and 1.60 %), respectively. However, spraying maize plants
with 9 mg/ | (NSP) in resulted the heaviest ears (409.63 g),
heaviest grain weight/ ear (335.25 g), 100-kernel weight
(37.94 g), maximum grain and biological yields (9.09 and
20.98 t/ ha), respectively. On the other hand, irrigation
intervals x (NSP) concentrations interaction had
significant effects on all studied traits, where spraying
maize plants with 6 or 9 mg/ I, generally alleviate the bad
effects of increasing irrigation intervals up to 24 days.

Keywords: Maize, Nano-silicon particles, Water
deficit, Growth, Yield, Chemical components.

INTRODUCTION

Maize (Zea mays L.) is the most important cereal
crops all over the world after wheat and rice (FAO,
2018). It is known as queen of cereals, because of its
quick growth, short duration and high yield (Begam et
al., 2018). Endosperm protein of maize has high
essential amino acids as lysine and treptophan (Bhatia
and Rabson, 1987). Maize is used for extensive
industrial application in South Africa (Macauley and
Ramadjita, 2015) and it is one of the most important
food crops in Sub-Saharan Africa (Adejuwon, 2018).
Also, this crop is the most important source of green
fodder during summer season and silage industry. For
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these reasons, there is an essential need to increase
maize grain yield through breeding programs and
application of the recommended cultural practices as
irrigation and nutrition.

Previous studies indicated that maize needs high
irrigation requirements (Stone et al., 2001), where its
evapotranspiration in arid and semi-arid regions reach to
10 mm/ day (Howell et al., 1997). Furthermore, this
crop is very sensitive to water stress during its life
cycle, especially at pollination and grain filling periods,
where water stress during these periods significantly
decreased maize grain yield by at least 90 %, leaf area
and internode length (Nesmith and Ritchie, 1992) and
harvest index (Pandey et al., 2000). Frederick et al.
(1989) indicated that drought stress decreased grain
yield, number of kernels/ ear, grain filling period and
increased number of barren plants. ElI-Ganayni et al.
(2000) also reported that water stress during flowering
stage of maize reduced grain yield by (67 %), number of
ears/ plant by (53 %) and number of rows/ ear (4 %)
compared to the control treatment. Similarly, Doorenbos
and Kassam (1979) reported that severe water stress
significantly decreased maize leaf area and shoot dry
weight. Silicon (Si) ranks the second common element
in the crust of earth (= 28 %). It is available to plants as
uncharged H;SiOs molecules (Monzerrat et al., 2019).
Liu et al. (2014) reported that (Si) has favorable effects
on cereals plants as maize, where it improves plant
water relations, photosynthetic pigments, increasing
LAl and enhances plant resistance to abiotic stress.
Treated maize plants with Silicon had higher water
content than untreated. That could be due to silicon
effect on epidermis wall and vascular tissues.
Suriyaprabha et al. (2012) reported that nano particles
can change physico-chemical properties of the element,
increase surface area and its activity and solubility and
consequently, tiny size of the element will be of faster
and better absorption. Nano silicon particles (NSP)
increased water use efficiency by (53 %), total
chlorophyll content in maize by (13- 17 %), stem
length, diameter and number of leaves (Yuvakkumar et
al., 2011). Amer and El-Emary (2018) reported that
(NSP), combined with fertilizers, improved nutrition use
efficiency and protection against abiotic stress. Also,
Lanne (2018) pointed out that spraying maize plants
with (NSP) increased growth and yield, and decreased
both biotic and abiotic stresses effects. Also, Agaci et
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al. (2020) stated that maize treated with (NSP)
significantly increased number of grains per ear and
biological yield.

Based on that, this study aimed to increase maize
growth and yield, save irrigation water by management
of irrigation and nano silicon application.

MATERIALS AND METHODS

A field experiment was conducted during the
summer season of 2023 at the Research Station, Faculty
of Agriculture, Omar Al-Mukhtar University, Al-Bayda,
Libya, to evaluate nano-silicon particles (NSP) spraying
on growth, vyield, yield components and chemical
composition of maize under water-deficit stress. Single
cross yellow seeds (Pioneer 3080 variety) was sown on
May fifth. The experimental design was randomized
complete blocks in split plot arrangement in three
replicates. Three irrigation intervals, i.e., every 10 days
(control), 17 days (moderate stress) and 24 days (severe
stress) from the second irrigation till maturity were
randomly distributed in main plots, however, five nano-
silicon particles (NSP) concentrations (1.5, 3, 4.5, 6 and
9 mg/ 1) besides the control treatment were randomly
allocated to sub-plots. Sub-plot area was 10.5 m? (5
ridges of 3 m long and 0.7 m width). Nano-silicon was
provided by National Research Center (NRC), Giza,
Egypt. Specific surface area of particles ranged from
(300- 330 m?% g) with mean diameter (10 mm/ g) and
pH 4- 4.5. Two seeds were hand sown per hill spaced at
25 cm. At 21 days after sowing (DAS), plants were
thinned to one plant/ hill. Phosphorus fertilizer at the
rate of 53 kg KO/ ha was applied during seed bed
preparation, however 58 kg P,Os/ ha was applied after
thinning. Nitrogen fertilizer at the rate of 288 kg N/ ha
was applied in two equal doses before the first and
second irrigations. At six leaf growth stage, NSP levels
were applied as foliar application.

Just before tasseling, leaf area index (LAI) was
measured, while plant height (cm), number of kernels/
ear, ear weight (g), kernel weight/ ear (g), shelling
percent, 100-kernel weight (g), grain (t/ ha) and
biological yields and harvest index (%) were recorded at
harvest. Grain protein content (%) was calculated by
multiplication total nitrogen in milled grains by 6.25
according to AOAC (1990), however N, P and K
content were determined according to the methods
described by Jackson (1973).

Obtained data were subjected and analyzed
according to Gomez and Gomez (1984). Comparison
between treatment means was carried out using least
significant difference values at 0.05 level of probability
(L.S.Do.os).

RESULTS AND DISCUSSION

Effect of irrigation intervals and nano-silicon
particles (NSP) on growth:

Results presented in Tables (1 and 3) revealed that
maize leaf area index (LAI) and final height of plants
were significantly affected by both irrigation intervals
and (NSP) concentrations beside their interaction.
Concerning leaf area index (LAI), increasing interval
between irrigations up to 24 days produced the lowest
LAI value (3.60) and gave the significantly shortest
maize plants (186.47 cm) compared with irrigation
every ten days (3.95 and 195.83 cm, respectively).
However, irrigated maize plants every 17 days produced
intermediate LAI (3.82) and plant height (192.75 cm).
These results are in agreement with those obtained by
Hsiao (1973) who reported that maize leaf elongation is
most sensitive to water stress. Also, Istanbulluoglu et al.
(2002) showed that there was a positive linear relation
between number of irrigations and LAIL On the other
hand, increasing intervals between irrigations led to
decrease in internode length by inhibition of the
developing cells and consequently decreased plant
height (Atta Allah, 1996). On the contrast increasing
(NSP) concentrations up to 6 or 9 mg/ | produced the
highest LAI values (4.45 and 4.42) and tallest plants
(218.33 and 221.90 cm), respectively, without
significant differences between the two (NSP)
concentrations. Similar results were reported by
Yuvakkumar et al. (2011), who showed that spraying
maize plants with nano-silicon increased number of
leaves/ plant, stem length and diameter. Also, Laane
(2018) indicated that treated maize plants with silicates
significantly increased vegetative growth. As for
interactions between irrigation intervals and (NSP)
concentrations effect on LAl and maize plant height,
results in Table (3) showed that irrigated of maize plants
every ten days combined with foliar application of
(NSP), produced the highest LAI, however increasing
intervals up to 17 days needed higher (NSP)
concentrations (4.5, 6.0 and 9 mg/ ), while increasing
intervals to 24 days needed the higher (NSP)
concentrations (6.0 and 9.0 mg/ ) to achieve the highest
leaf area index (LAI). The same trend was found for
plant height, where maize plant height significantly
increased with increasing (NSP) combined with any
irrigation interval study. The tallest maize plants (230.1
and 225.2 cm) resulted from (NAP) with (9.0 and 6.0
mg/ 1) application to maize plants irrigated every ten
days, respectively. That could be due to water
abundance and the alleviation effect of (NSP) and their
effects on growth acceleration.
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Effect of irrigation intervals and nano-silicon
particles (NSP) on maize yield and its attributes:

Regarding intervals between irrigations and (NSP)
concentrations effect on maize grain yield and yield
components, data in Table (1) revealed that increasing
interval between irrigations up to 24 days, generally,
significantly decreased all studied maize yield and yield
attributes, except shelling percent and harvest index,
where reduction in those traits did not reach the
significance level. The tallest interval between
irrigations (24 days) reduced number of kernels/ ear, ear
weight, kernel weight/ ear, shelling percent, 100-kernel
weight, grain and biological yields and harvest index by
4.58 %, 13.94 %, 17.20 %, 4.55 %, 6.91 %, 9.02 %, 5.0
% and 4.37 %, respectively, compared with ten days
interval. Water deficit had harmful effects on
photosynthesis, physiological processes and increased
osmotic pressure of cell sap and decreased the rate of
metabolic process and metabolites translocation from
leaves to other plant organs. Those harmful effects led
to decrease in maize grain yield and its attributes (Atta
Allah, 1996). Obtained results were in agreement with
those obtained by EI-Noemani et al. (1990); Ibrahim et
al. (1992) and Gomaa et al. (2017). On the other hand,
Cakir (2004) showed that soil water deficit significantly
decreased leaf area, elongation of maize internode,
delayed ear formation and development of pollen grains
and ovules and consequently number of kernels/ ear and
carbohydrates accumulation in kernel which led to
decrease kernel weight.

On the contrary, nano-silicon particles (NSP)
applications significantly increased yield and vyield
components maize grain yield and its components
compared with untreated treatment and those increases
were gradual. The highest (NSP) concentration (9 mg/
1), generally, produced the highest number of kernels/
ear (714.93), heaviest ear weight (409.63 g), kernel
weight/ ear (335.25 g), 100-kernel weight (37.94 @),
highest grain and biological yields (9.09 and 20.98 t/
ha), respectively, compared with other treatments.
However, both (6.0 and 9.0 mg/ I) of (NSP) produced
the highest values of shelling (80.37 and 81.83 %) and
harvest index (41.57 % and 43.32 %), respectively,
without significant differences. These results could be
due to (NSP) effect on increasing solar radiation
absorption, improving structure of chloroplast and
increasing chlorophyll content in plant leaves
(Mongzerrat et al., 2019). Rizwan et al. (2019) added
that (NSP) application decreased transpiration rate.
Obtained results were in accordance with those reported
by Lanne (2018) for maize growth and yield, and Agaci
et al. (2020) for biological yield and number of kernels/
ear. Regarding irrigation intervals x  (NSP)
concentrations interaction effect on maize yield and
yield components, results presented in Table (3)

indicated that grain yield and all its attributes were
statistically affected by interactions between the two
studied factors.

Results presented in that table revealed that (NSP)
foliar application with the highest concentration (9 mg/
I) produced the highest number of kernels/ ear (720.2,
712.7 and 711.9) at irrigation intervals (10, 17 and 24
days), respectively. Moreover, the same concentration
produced the heaviest ears and kernels weight/ ear
(436.70 and 358.97 g), respectively, at ten days interval
between irrigations. With regard to shelling percent,
spraying maize plants with 3, 4.5, 6.0 or 9 mg/ | of
nano-silicon particles at ten or seventeen days intervals,
and spraying with 6 or 9 mg/ | (NSP) at 24 days interval
produced the highest percentages of shelling. Nano-
silicon particles application with (4.5, 6.0 or 90 mg/ I)
produced the heavies 100-kernel weights at any of the
three irrigation intervals studied.

The highest grain yield at ten days irrigation interval
(8.71 and 9.63 t/ ha) resulted from spraying with (6.0
and 9.0 mg/ I) nano-silicon particles, respectively, and
(9.08 and 8.57 t/ ha) from spraying (NSP) with 9 mg/ |
at seventeen and 24 days between irrigations,
respectively. However, the highest biological yield at
ten days interval (20.60 and 21.82 t/ ha), and at
seventeen days (20.10 and 20.67 t/ ha) resulted from 6.0
and 9.0 mg/ | (NSP), respectively, while spraying maize
plants with 9.0 mg/ | of (NSP) at 24 days between
irrigations showed the highest biological yield (20.45 t/
ha). Treated maize plants with 6.0 or 90 mg/ | nano-
silicon particles showed the highest harvest index values
(42.27 % and 44.13 %) at ten days irrigations intervals,
(41.76 % and 43.92 %) at seventeen days interval and
(40.67 % and 41.92 %) at 24 days interval, respectively.
The aforementioned results clearly showed the positive
effects of nano-silicon application under water deficit,
where the highest concentrations (6 and 9 mg/ 1) of
(NSP) can significantly ameliorate the negative effects
of water deficit on growth and dry matter of maize
plants. That might be due to the positive effect of (NSP)
in improving fertilizers and water use efficiency besides
increasing gas exchange and photosynthetic processes
efficiency (Xie at al., 2012 and Kalteh et al., 2014).
These increasing in dry matter production as a source
could be due to increasing in maize plant growth and
biological yield as a sink.

Effect of irrigation intervals and nano-silicon
particles (NSP) on maize grain chemical
composition:

Regarding the effect of both irrigation intervals and
nano-silicon particles (NSP) concentrations on chemical
composition of maize grain, data presented in Table (2)
indicated that increasing interval between irrigations up
to 24 days, generally, showed the lowest N, P, K and
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Table 1. Effect of irrigation intervals and (NSP) on maize growth, yield and yield components

Plant No. of Kernel Grain Biological

Irrigation . Ear : Shelling 100-kernel . - Harvest
intervals LAl h(i'fnr)‘t keggﬁ'y weight (g) ‘g’ae'rg(gt)/ %)  weight (g) (i’;i]'g) (i’;i]'g) index (%6)
10 days 3.95 195.83 273.55 325.30 245.92 73.72 33.86 7.20 19.01 37.50
17 days 3.82 192.75 563.85 300.83 224.21 72.68 32.28 7.03 18.62 37.35
24 days 3.60 186.47 547.27 279.94 203.60 70.36 31.52 6.55 18.06 35.86
L.S.Do.os 0.22 8.72 21.47 14.52 11.17 - 1.82 0.62 0.78 --

NSP (mg/ I)
0 2.96 161.40 414.07 20494 114.29 55.53 26.86 4.92 16.28 30.20
1.5 3.34 171.86 449.93 230.93 149.78 64.86 28.49 5.60 17.05 32.84
3.0 3.66 180.53 529.57 273.08 206.15 75.30 30.76 6.20 17.65 35.10
4.5 3.89 196.07 577.60 327.09 147.78 75.63 34.95 7.40 19.27 38.38
6.0 4.45 218.33 683.23 366.07 294.22 80.37 35.98 8.37 20.14 41,57
9.0 4.42 221.90 714.93 409.63 335.25 81.83 37.94 9.09 20.98 43.32
L.S.Do.os 0.34 3.94 14.13 6.44 5.41 4.39 1.16 0.40 0.56 2.09
I nteraCtIOH * ** * ** ** ** ** ** * **
*and ** significant effect at 0.05 and 0.01 levels of probability, respectively.
Table 2. Effect of irrigation intervals and (NSP) on the chemical composition of maize grains
Irrigation intervals N (%) P (%) K (%) Protein (%)
10 days 1.40 1.08 1.01 9.71
17 days 1.45 0.88 0.85 9.39
24 days 1.23 0.80 0.84 7.97
L.S.Do.os 0.20 0.23 0.12 0.66
NSP (mg/ I)
0 1.12 0.72 0.75 8.06
1.5 1.20 0.80 0.81 8.42
3.0 1.33 0.93 0.89 8.85
4.5 1.41 0.99 0.94 9.0
6.0 1.52 1.0 0.99 9.64
9.0 1.60 1.06 1.02 10.18
L.S.Do.os 0.15 0.08 0.14 0.52
Interaction * * * *

*and ** significant effect at 0.05 and 0.01 levels of probability, respectively.



ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 44, No.4 OCTOBER- DECEMBER 2023 629

Table 3. Means of maize growth, yield and yield components as affected by irrigation intervals x (NSP) interaction

100-

Irrigation P"'f‘”t No. - of Ea_r Ke_rnel Shelling  kernel G_rain B_iological !—|arvest N P K Protein
intervals NSP LAl height kernels/ weight weight/ (%) weight yield  vyield (t/ index %) (%) (%) (%)
(cm) ear (9) ear (g) @ (tha) ha) (%)
0 320 168.2 4334 218.68 13142 60.1 29.13 511 16.97 30.12 111 0.80 0.89 9.11
1.5 3.93 1725 4587 24539 15778 64.3 3052 5.88 17.54 33.54 1.24 0.89 0.97 9.24
10 days 3.0 3.93 1806 546.4 300.23 23147 77.1 31.98 6.58 18.11 36.37 144 108 10 952
45 409 1984 5821 352.17 27540 78.2 3522 7.33 19.02 38.55 140 1.10 1.06 9.86
6.0 445 2252 7005 398.62 32049 80.4 37.13 871 20.60 42.27 148 1.24 1.05 10.20
9.0 462 2301 720.2 436.70 358.97 82.2 38.14  9.63 21.82 44,13 170 1.31 110 10.33
0 3.00 160.7 4126 206.27 116.13 56.3 26.66  5.00 16.10 31.06 123 0.69 0.70 8.66
1.5 3.34 1737 459.0 236.44 154.86 655 28.17 5.65 17.07 33.10 1.34 0.70 0.73 8.74
17 days 3.0 3.66 1844 531.3 278.49 21332 76.6 29.67 6.21 17.66 35.19 135 1.0 079 8.86
45 3.90 199.0 5787 321.43 24364 75.8 35.07 7.86 20.11 39.09 152 0.92 0.84 9.97
6.0 447 2183 688.8 359.84 290.03 80.6 36.45 8.39 20.10 41.76 154 0.95 1.02 10.0
9.0 454 2204 7127 40253 32725 813 37.67 9.08 20.67 43.92 174 1.02 1.0 10.12
0 2.67 1553 396.2 189.87 95.31 50.2 2480 4.64 15.77 29.42 1.02 0.67 0.66 6.41
1.5 3.28 1694 4321 21096 136.70 64.8 26.79  5.27 16.54 31.88 1.02 0.81 0.73 7.28
24 days 3.0 342 1766 511.0 24053 173.66 72.2 30.64 5.80 17.20 33.76 120 0.71 0.88 8.17
4,5 3.68 1908 572.0 307.68 22429 72.9 3455 7.00 18.67 37.52 131 0.95 092 7.17
6.0 444 2115 6604 339.76 27214 80.1 3437 8.02 19.72 40.67 149 081 090 872
9.0 411 2152 7119 389.67 319.52 82.0 38.01 857 20.45 41.92 136 0.85 0.96 10.09
L.S.Do.os 0.70 5.4 17.90 8.86 8.22 6.86 3.87 1.12 1.73 3.48 0.19 014 022 0.72
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protein contents in maize grain (1.23, 0.80, 0.84 and
7.97 %), respectively. That could be due to the harmful
effect of severe drought on maize root and shoot dry
weight, and consequently decreased macro and
micronutrients content in maize plant (Mahdy et al.,
2012). On the other hand, treated maize plants with 6.0
or 9.0 mg/l (NSP), achieved the highest N, P, K and
protein contents in grains (1.60, 1.06, 1.02 and 10.18
%), respectively, as shown in Table (2). That effect
might be due to the alleviation of water deficit and
consequently increasing maize plant growth and
photosynthesis processes as a result of (NSP) foliar
application which decrease both biotic and abiotic
stresses (Yuvakkumar et al., 2011 and Laane, 2018).

Considering the interaction between irrigation
interval and (NSP) concentrations effect on chemical
composition of maize grains, data in Table (2) indicated
that (NSP) foliar application with 9 mg/ | at ten and 17
days between irrigations produced the highest maize
grain nitrogen content (1.70 and 1.74 %), respectively.
However, 6 and 9 mg/ | of (NSP) application to irrigated
maize every ten days produced the highest phosphorus
grain content (1.24 and 1.31 %), respectively.

Considering grain potassium content, data presented
in that table showed, that under adequate water
irrigation (every ten days), (NSP) application, generally,
produced the highest potassium content, while under
moderate and severe- water stress, foliar application
with 6 and 9 ml/ | of (NSP) showed high potassium
content in maize grains. On the other hand, to achieve
the highest grain protein content in maize irrigated
every ten or seventeen days it must sprayed with 4.5,
6.0 or 9.0 mg/ I of (NSP), while these concentrations
increased up to 9.0 mg/ | (NSP) to obtain the highest
grain content (10.09 %) in maize plants irrigated every
24 days (severe-water deficit). These results clearly
showed the essential role of nano-silicon particles
(NSP) application in improving maize growth, yield and
yield components and macro nutrients content in maize
grains.

CONCLUSION

Conclusion:

From the field study, obtained results indicated that
nano-silicon particles (NSP) application significantly
enhanced the water relations and photosynthesis and
consequently improved maize plant growth, yield and
yield attributes and grain chemical composition under
water deficit conditions.

Irrigation Intervals and Nano-Silicon Applications Effect .......
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