Current Chemistry Letters 11 (2022) 219-226

Contents lists available atGrowingScience

Current Chemistry Letters

homepage: www.GrowingScience.com

Effect of irrigation intervals and foliar spray of zinc and silicon treatments on
maize growth and yield components of maize

A. Abdelgalil®, A.A. Mustafa?, S. A. M. Ali® and Omar M. Yassin"*

“Soil and water Department, Faculty of Agriculture, Sohag University, Egypt
bSoils, Water, and Environment Research Institute, Agricultural Research Center, Giza, Egypt

CHRONICLE ABSTRACT
Article history: Field experiments were carried out for two consecutive seasons at the Experimental Shandaweel
Received June 29, 2021 Agricultural Research Station, Sohag Governorate, Upper Egypt, during the growing seasons of
Received in revised form 2013 and 2014, to study the Effect of Irrigation intervals and foliar spray of zinc and silicon
July 20, 2021 treatments on Maize growth and yield components of maize. Results indicated that, scheduling

Accepted December 21, 2021
Available online
December 21, 2021

at every 10 days produced the highest plant height, Flag Leaf area (cm?), Cob length (cm), Weight
of 100-grains (g), Biological yield (T/fad.) and Grain yield (ard./fed.) followed by irrigation at
15 and 20 days interval, in contrast irrigation at 25 days interval produced the lowest values and

AK/[‘;);::MS : foliar spray of zinc and silicon treatments produced the highest plant height-improved yield and
Zine yield components of maize crop. The best yield was obtained from zinc + silicon treatments
Silicon followed by zinc, silicon treatments. In contrast, untreated treatments produced the lowest values.
Foliar It can be concluded that the scheduling at every 10 days and application of foliar spray of zinc +
Grain yield silicon treatments as the effective one could be recommended for scheduling irrigation at every

10 days with application of foliar spray of zinc + silicon treatments of maize crop at Shandaweel
Agricultural Research Station, Sohag Governorate, Upper Egypt to obtained the best results from
maize grain yield.

© 2022 by the authors; licensee Growing Science, Canada,

1. Introduction

Recently, there is a great interest in scientific research that focuses on environmental and agricultural uses of
functionalised organic and inorganic compounds.''® In Egypt, maize is a major cereal summer crop and it has a special
importance because the national production is not enough to meet the increase of local demands. Egypt produces about 5.8
million tons of white maize and 1.3 million tons of yellow maize annually.'” While the domestic consumption was about
17.7 million tons. The amount of imports was about 10.8 in 2014.2° Egypt's prosperity still depends largely on the
agricultural sector and its productivity. Egypt has a fixed share from the Nile Water (55.5 billion cubic meters). Capita share
from water is less than 1000 cubic meters per year which is the water poverty limit. In Egypt Agriculture consumes more
than 80% from the water reserves. Proper irrigation management leads to maximizing net return, minimizing irrigation
costs, maximizing yield, optimally distributing a limited water supply and minimizing groundwater pollution. Irrigation
water management or scheduling is a decision-making process to determine when and how much water to apply to a growing
crop to meet specific management objectives.?! Zinc is most crucial amongst the micronutrients that take part in plant growth
and development due to its catalytic action in metabolism of almost all crops.?? a critical small concentration of zinc is
needed to perform several key pathways in plants.?® The level of zinc nutrition may affect plant water relations and alter
stomatal conductance.?* Zinc deficiency may limit the ability of the crop to use the moisture reserves in the soil.?* Zinc
deficiency affects the absorption of water and nutrients from soil and thus resulting in growth and yield reduction in the
plant.?
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Silicon nutrition has several beneficial effects on plant growth largely due to its unique physiological role.?” Observed
that silicon fertilization affects stomatal conductance by adjustment of tissue water status but not through any physical
modification.?® In this way drought might be proposed that silicon nutrition assists water uptake and its transportation to
stem and leaves. Silicon application improves the water relation in plants.?’ Reported that silica-cuticle double layer formed
on leaf epidermis is liable for this improved water potential.>® Hence, suggesting an induction of drought tolerance by Si
due to reducing transpiration loss of water under moisture stress condition.

2. Results and Discussion
2.1 Maize growth and its yield
2.1.1 Plant height

Data of maize plant height were presented in Table (1) regarding to irrigation treatments, the data stated that values of
irrigation scheduling at 10, 15 and 20 days increased this characteristic significantly by 12.9%, 8.2% and 5.2% in 2013
season and by 10.9%, 8.1% and 5.3% in the second season, as compared to irrigation every 25 days, respectively. These
results may be due to the increase of available soil moisture in the short irrigation interval which enhanced cell division and
stem cell elongation than long irrigation interval; in which increasing soil moisture stress decreased the relative growth rate.
These results are in agreement with that finding.3!-33

Significant differences were obtained in plant height due to spraying of zinc and silicon during the 2013 and 2014
summer seasons. Concerning the effect of zinc and silicon treatments on maize plant height. The tabulated data showed
clearly that zinc and silicon treatments enhanced significantly values of this characteristic. Use of foliar spray of zinc, silicon
and zinc and silicon treatments led to an increase in this characteristic by 4.11%, 8.69% and 13.12 % in first season and by
3.89%, 9.22% and 12.76% in the second season as compared to non-treated treatment, respectively.**** They found that
zinc and silicon application significantly increased the plant height of Maize. These results may be due to the positive effect
of silicon and zinc treatments on Maize growth. Silicon nutrition has several beneficial effects on plant growth largely due
to its unique physiological role.”’

Results of interaction effect between irrigation intervals and foliar spray of zinc and silicon treatments on maize plant
height. The effect of interaction on this characteristic was significant in the two studied seasons. The data showed that
increasing water availability through irrigation increased the effect of foliar spray of zinc and silicon treatments. This might
be attributed to the effect of available water on the transport process in higher plants.

2.1.2 Flag Leaf area (cm?)

At a first glance, the data stated in Table (1) that irrigation scheduling treatments significantly affected the values of this
characteristic. Irrigation scheduling at every 10, 15 and 20 days increased flag leaf area of maize plants (cm?) significantly
by 60.4%, 23.2% and 9.8% in 2013 season and by 60.9%, 57.7% and 8.9 in the second season as compared to irrigation
scheduling at every 25 days, respectively. The increase in the flag leaf area (cm?) may be due to increasing in water supply
that enhances the vegetative growth photosynthetic accumulation and metabolic activities in maize plant tissues.>

Regarding the effect of zinc and silicon treatments values of flag leaf area (cm?), foliar spray of zinc and silicon
treatments led to a significant increase in this characteristic by 14.5%, 8.9% and 21.4% in 2013 season and by 12.8%,
11.25% and 20.3% in the second season, as compared to untreated treatments, respectively. This result is in agreement with
that obtained.?”- 38

Results of interaction effect between irrigation intervals and foliar spray of zinc and silicon treatments on Maize flag
leaf area. The effect of interaction on this characteristic was significant in the two studied seasons.

2.1.3 Cob length (cm)

The data stated in Table 1 that the average values of cob length (cm) of irrigation scheduling at every 10, 15 and 20
days significantly increased by 24.7%, 16.57% and 13.56% in 2013 season and by 34.2%, 25.7% and 10.9 % in the second
season, as compared to irrigation scheduling at every 25 days respectively. This might be attributed to positive effect of
more available soil moisture on number of cells cell enlargement and turgidity and consequently cell size.3% 40

The effect of foliar spray of zinc and silicon led to a significant increase in this characteristic by 4.9 %, 0.84% and
11.4% in 2013 season and by 15.9%, 7.7% and 6.8% in the second season as compared to control treatment respectively.
These results agree with that recorded.*! 4> 34
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Table 1. Means of Plant height, Flag Leaf area (cm?) and Cob length (cm) of maize crop as affected by irrigation scheduling
and foliar spray of zinc and silicon treatments for two growing seasons of 2013 and 2014.

Plant height (cm) Flag Leaf area (cm?) Cob length (cm)
Treatments 2013 2014 2013 2014 2013 2014
Irrigation scheduling (1)
I 231.4 2433 873.4 766.1 223 24.3
I 221.7 237.9 670.9 751.0 20.8 22.8
I 215.5 231.0 593.0 476.0 20.3 20.1
L4 204.8 219.2 544.3 518.8 17.9 18.1
L.S.D. .05 2.6 6.1 12.6 36.4 1.87 0.57
Zinc and Silicon treatments (F)
T, 213.5 227.2 691.4 638.0 20.5 21.4
T, 222.9 238.9 657.8 628.8 19.7 21.2
T3 232.0 246.6 733.6 679.9 21.7 22.9
T4 205.0 218.7 603.8 565.1 19.5 19.8
L.S.D. .05 2.9 1.6 12.8 38.7 0.8 0.6
Interactions
IF 5.9 3.2 25.6 77.4 1.7 1.2

N.S = not significant
2.1.4 Weight of 100-grains (g)

Results are given in Table 2 clearing that weight of 100-grains (g) significantly affected by irrigation scheduling at every
10, 15 and 20 days. Irrigation intervals at every 10, 15 and 20 days increased values of this characteristic significantly by
8.8%, 3.4% and 1.3% in the 2013 season and by 23.1%, 11.56% and 8.9% in the second season, as compared to irrigation
scheduling at every 25 days respectively. Similar results are consistent as compared with those.** 4

Results are given in Table 2 which also show that weight of 100-grains (g) significantly affected by foliar spray of zinc
and silicon. Application of zinc + silicon, zinc and silicon treatments increased values of this characteristic significantly by
6.1%, 5.7% and 2.1% in 2013 season and by 11.24%, 7.09% and 4.4% in the second season, as compared to untreated
treatments, respectively. Micronutrients can be applied directly into the soil as well. Soil applied Zn is effective in enhancing
the grain yield whereas Zn concentration in grain improves via foliar spray of Zn fertilizer. Based on particular studies.*> 42
2.1.5-Biological yield (T/fad.)

Regarding to irrigation treatments, the data revealed in Table 2 that irrigation intervals of 10 days,15 days and 20 days
increased biological yield significantly by 72%, 33.9% and 17.6 % in 2013 season and by 67.1%, 45.8 and 30.8% in the
second season as compared to irrigation scheduling at every 25 days respectively. This may be due to the positive effect of
optimum available water on maize biological yield through promoting maize growth. On other hand, many physiological
processes in plants are impaired by drought stress including photosynthesis enzyme activity membrane stability pollen
viability and ultimately growth.36 403!

Regarding the effect of zinc and silicon treatments on maize biological yield in Table 2. The tabulated data showed
clearly that zinc and silicon treatments enhanced significantly values of this characteristic. Use of foliar spray of zinc +
silicon and zinc, silicon treatments led to an increase in this characteristic by 10.68 % , 7.6% and 21.7 % in 2013 season
and by 9.4%, 6.1% and 15.7% in 2014 as compared to untreated treatment respectively.

The data showed that the highest maize biological yield amounts were as result of practice of foliar spray of zinc +
silicon; followed by foliar spray of silicon, zinc treatments. On the contrary the untreated treatments produced the lowest
biological yield in the two studied seasons.*"3* foliar application of zinc and silicon significantly affected the biological
yield of maize crop.

The interaction effect on this characteristic was significant in the two studied seasons. The data showed that shorter
irrigation intervals enhanced significantly the effect of foliar spray of zinc and silicon treatments. This might be due to the
effect of available water on the transport process in maize.

2.1.6 Grain yield (ard./ fed.)

With regard to irrigation treatments, the results showed that in (Table 2) grain yield values of maize had a significant
effect on maize grain yield. The data revealed that irrigation intervals of 10, 15, 20 days significantly increased maize grain
yield by 44.39%, 21.8% and 13.6 % in the 2013 season and by 28.2%, 15% and 4.3% in the second season as compared to
irrigation scheduling at every 25 days respectively. This may be attributed to the positive effect of optimum available water
through shorter irrigation intervals on number of cells through cell division or on cell size through cell enlargement and
turgidity. These results were similar to that findings.**: 3!
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Relating to the effect of zinc and silicon treatments on maize grain yield, the arranged data in (Table 3) showed clearly
that zinc and silicon treatments enhanced significantly values of this characteristic. Use of foliar spray of zinc, silicon and
zinc + silicon treatments led to an increase in this characteristic by 19.6%,15.10% and 35.3% in 2013 season and by 38.5%,
32% and 40% in the second season, as compared to untreated treatment, respectively. Foliar application of Zn and Si
fertilizers had a positive effect on maize grain yield.*%4’

Table 2. Means of weight of 100-grains (g), Biological yield (kg) and Grain yield (ard./fed.) of maize crop as effected by
irrigation scheduling and foliar spray of zinc and silicon treatments for two growing seasons of 2013 and 2014.

Weight of 100-grains (g) Biological yield (T/fad.) Grain yield (ard./fed.)
Treatments 2013 2014 2013 2014 2013 2014
Irrigation scheduling ()
I 25.8 31.0 5.8 6.1 222 22.0
I 24.5 28.1 4.5 5.3 18.7 19.7
I 24.0 27.5 4.0 4.7 17.4 17.9
I4 23.7 25.2 3.4 3.6 15.3 17.1
L.S.D. .05 0.4 0.2 0.2 0.3 0.5 0.4
Zinc and Silicon treatments (F)
T 25.0 28.3 43 5.0 18.7 20.8
T, 242 27.6 3.9 4.8 18.0 19.8
Ts 25.1 29.4 4.7 5.3 21.2 21.0
Ty 23.7 26.5 4.2 4.6 15.6 15.0
L.S.D_ .05 0.4 0.2 0.7 0.1 0.4 0.4
Interactions
IF N.S 0.5 0.1 0.3 0.8 0.8

N.S = not significant
3. Conclusion

Generally, from all previous results it can be concluded that the scheduling at every 10 days with spraying zinc + silicon
produced the highest yield grain maize yield under the local environment of the Shandaweel region (Upper Egypt).

4. Experimental
4.1 Materials and methods

The present investigation was carried out at Shandaweel Agricultural Research Station, Sohag, Upper Egypt located at
a 26° 26" latitude and 31° 68” during the growing seasons of 2013 and 2014 to study the effect of foliar spray of zinc and
silicon treatments on yield, yield components and water relations for maize crop. The experiment design was split- plot
design with three repetitions was used in both growing seasons. Water stress treatments were allocated to the main-plots
was randomly distributed in the sub plots. The area of each plot was 21 m? (3 x7m) = 1/ 200/ fed. The soil of the
experimented site was clay loam in texture (24.6% sand 38.7% silt and 36.7% clay). Phosphorus fertilizer was applied at
the rate of 23.25 kg/fed of P,Os in the form of mono supper phosphate (15.5% P,Os). Phosphorus fertilizer was added at
planting time. Nitrogen fertilizer was applied at the rate of 100 kg/ fed in two equal portions in the form of urea (46.5% N).
The first portion was added before the first irrigation, while the second portion was applied before the second irrigation.
Potassium fertilizer was applied at the rate of 48 kg/ fed of K,O in the form of potassium sulfate (48% K,O) and was added
into two equal doses at the same times of the nitrogen fertilizer application. Reference evapotranspiration (ETo) values
were computed using ETo_calculator V3.2.4 The ETo data also presented in Table 3.

Table 3. Meteorological data for Shandaweel Agric. Res. Station, and reference evapotranspiration (ETo) during the growth
season of 2013.

2018/2019 2019/2021
Months g;e:CI;lperature RH WS n ;fotérilperature RH WS SR

Max.  Min. (%) m/sec  (hours/day) Max.  Min. (%) m/sec  (hours/day)
June 38.5 22.4 34 2.2 12.3 38 22 34 2.3 12.3
July 37.5 22.4 44 1.9 12.2 35.9 21.7 38 2 12.2
August 37.1 22.0 46 1.9 11.9 37.2 22.9 35 2 11.9
September. 35.9 20.6 47 2.3 10.8 34.4 21 43 2.5 10.8
Mean 37.2 21.8 42.7 2.0 11.8 41.1 26.0 31.5 2.2 11.8

WS= wind speed m/sec ; SR = solar radiation, MJ/m?/day, RH =relative humidity in % ETo= evapotranspiration, mm
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Plant parameters studied

The following characteristics were recorded:
1- Plant height (cm)
Ten guarded plants from each entry were selected at maturity an plant height was measured with ammeter rod in
centimeters from the ground level to the base of the tassel and the average height was calculated.
2- Flag Leaf area (cm?)
Flag leaf area was calculated by multiplying the length and maximum width of leaf and multiplying the calculated value
by a correction factor of (0.75).%
3-Cob length (cm)
Cob length of ten cobs was taken from each plot with the help of measuring tape and then average was taken.
4-Weight of 100-grains (g)
5-Biological yield (Ton/fed.)
Ten randomly selected whole plants from each treatment were oven-dried at 65°+5C° for 48 hours and weighed.
Average weight of whole plant including cab as well as grains for each treatment was recorded.
Feddan=4200m?
6- Grain yield per plant (ardab)
The grain produced by ten plants used for biological yield was weighed in grams for each treatment. Average grain
yield plant was recoded.
Ardab=140 k.g
A. Irrigation intervals.
I; - Irrigation every 10 days — with total arrogations (9)
I, - Irrigation every 15 days — with total arrogations (7)
I5 - Irrigation every 20 days — with total arrogations (6)
I, - Irrigation every 25 days — with total arrogations (5)

B. Zinc and Silicon treatments.

T~ Zinc at a rate of 100 mg/kg on form of Zinc Sulfate 33% zinc content.
T,- Silicon at a rate of 100 mg/kg on form of Silicone Gel.

Ts- Zinc + Silicon 100 mg/kg.

Ts- untreated.

Zinc and Silicon treatments were applied at June 11, 2013 and repeated June 16, 2014 while, harvesting time was
October 4, 2013 and October 9, 2014.
Statistical analysis

All data were statistically analyzed according to technique of analysis of variance (ANOVA) as randomized complete
block design on split- split plot design as mentioned by means of (MSTAT-C) Computer software package.*>! and Least
significant differences (LSD) at 5% level of probability was used to compare between treatments means. Thanks to this
work and the other published papers, the scientific community can make different applications in different fields.>>”!
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