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ABSTRACT

Toward decide the consequence of treating with nano zinc and nano selenium as well as potassium
silicate as foliar application on, yield and excellence of bread wheat grains underneath water stress situations
during 2019 for each 2020 and 2020 for each 2021 seasons. The trials were conceded in a strip-plot layout
with three repeats. Perpendicular plots were designated to three water stress transactions expressed as
withholding watering i.e. normal watering (5 waterings "“control treatment"), withholding the last one watering
(4 irrigations) and withholding the last two watering (3 irrigations). The horizontal plots were allocated to
eight foliar application transactions with nano zinc and nano selenium as well as potassium silicate. The
obtained results showed that withholding last one or two waterings significantly decreased the whole
examined traits of wheat in both time of year. Sprinkling wheat plants with sol of potassium silicate at the rate
of 4 cm® for each L exceeded other studied foliar application transactions and produced the maximum
amounts of growing characters, yield and its ingredients and grains excellence traits in both time of years. To
sustain elevated yields and grains excellence at the identical time diminish water requirements, it could be
suggested that sprinkling two times by potassium silicate at 4 cm3 for each L in each sprinkling and

withholding last watering (4 irrigations) under the environmental circumstances of Dekernis district, Dakahlia
Governorate, Egypt.
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INTRODUCTION

Wheat (Triticum aestivum L.) is several of the most
valuable nutritious cereal produces in Egypt and all around
the world for human nutrition as an important source of
energy.

The greatest fear of global climatic change is
drought. Worldwide, 61 % of countries receive rainfall of
less than 500 mm annually and most wheat cultivation is
condensated in such a semiarid region. In these regions,
watering water applied to plants becomes the limiting
factor and the ability of plants to improve their resistance
to drought plays an important role under adverse
environmental conditions. In Egypt, agriculture is expected
to face less and less water availabilities in the near future.
The wheat crop requires adequate water in all stages of its
physiological development to attain optimum productivity.
But like other cereal crops, there are critical points in its
growing stages where lack of soil moisture greatly impacts
grain yield. During grain filling in wheat plants are
subjected to some unfavourable circumstances such as low
winter rainfall, shortage of water watering and the need to
withholding watering for saving water and early land
evacuation for cultivating the following crop (Shehab El-
Din and Ismail, 1997). Amoah et al. (2019) suggested that
wheat plants employ physiological, biochemical and
molecular mechanism under drought improving their
ability to survive subsequent water stress in the later period
of growing and development. Mehraban et al. (2019)
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stated that although drought stress affects most of the
functions of plant growth, this consequence depends on
the level of water stress, the long of time to which the plant
is subjected to water stress. Genedy et al. (2020) exposed
that under watering at all stages the maximum amounts of
plant height, No. of spikes m?, No. of grains spikes?,
1000-grain weight, biological, grain and straw yields were
recorded matched to shortage watering all through with
withholding single watering at elongation, booting, and
anthesis phases. Havrlentova et al. (2021) reported that
drought is one of the most important factors that influences
plant morphology, biochemistry and physiology, and
finally leads to the decline in crops productivity and seed
quality. Islam et al. (2021) stated that drought stress
considerably decreased the grain filling duration by 15-
24% and grain yield by 11-34%. Further, drought induced
early leaf senescence and reduced total dry matter
production indicate the minimum contribution of current
assimilation to grain yield.

Nano-fertilizers at the nanometer scale (1-100 nm)
are the majority important position of nanotechnology in
agriculture. The use of nano-fertilizers rather than of
common fertilizers, whereby nutrients are submitted to
plants progressively and in a dominated manner.
Meantime, nanotechnology increments fertilizer use
efficiency, reduces contamination and hazards of chemical
fertilizers (Naderi et al., 2011).
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Zinc is well-known to have an essential task either as
a metal component of enzymes or as a efficient, structural or
controlling cofactor of a huge No. of enzymes (Grotz and
Guerinot, 2006). Al-Juthery et al. (2019) revealed the
importance of nano-element application especially with Fe,
Zn and Cu. However, with the rise of awareness of
nanoparticles toxicity and environmental concerns which is
related to soil, plant and nonmaterial, further researches
should be contacted and carefully evaluated before a final
recommendation made to farmers for agricultural and food
uses. Seadh et al. (2020 a and b) reported that the most
excellent transaction to raise growing and grains excellence
characters as well as yield and its characteristics was
sprinkling wheat plants with nano zinc resol at 400 mg for
each L. Adrees et al. (2021) suggested that foliar use of zinc
oxide nanoparticles (ZnO NPs) might be an efficient way for
increasing wheat growing and yields..

Selenium (Se) is regarded as one of the most
important micronutrients in human and animal nutrition,
but its importance for higher plants remains unproven. Se
has numerous applications in food and feed via various
biofortification methods. It can be found in different
varieties of forms including selenite, selenate,
nanoparticles of selenium (NPs-Se) and selenoproteins
(Chauhan et al, 2019). lkram et al. (2020) found
remarkable boost plant height and area of plant leaves has
been observed when 30 mg for each L concentration of
selenium nanoparticles (Se-NPs) was used.

Potassium (K) has the most important function in
osmoregulation, photosynthesis, transpiration, stomatous
open up and shut down and creation of protein,
translocation of positive ion mad about basin organs and
enzymes stimulation (Milford and Johnston, 2007 and
Abido and El-Moursy, 2020). One of the most important
facts is that silicon in the soil helps plants survive in
circumstances of water shortage, as well as reduce
transpiration in cubicles with a high-ranking intensity of
silicon (Gao et al., 2006). Laane (2018) revealed that
Sprinkling with silicates are consequence ive as pesticides,
while (stabilized) silicic acid sprays boost growing and
yield and decrease biotic and abiotic stresses. The limited
data on foliar silica-nano sprays show a tendency to
decrease biotic stress and to stimulate a limited boost in
growing and vyield. Ghazi et al. (2021) concluded that
sprinkling by potassium silicate at 1500 mg at period of 20,
45, and 60 days from wheat sowing is the best transaction
to improve growing and yields.

Consequently, this examination was conventional
to regulate the consequence of treating with nano zinc and
nano selenium as well as potassium silicate as foliar
application on yields and grains excellence of bread wheat
Misr-1 cultivar beneath water stress circumstances under
environments of Dakahlia Governorate, Egypt.

MATERIALS AND METHODS

During 2019 for each 2020 and 2020 for each 2021
seasons, deuce experiments were directed at a cloistered
field in Dekernis district, Dakahlia Governorate, Egypt to
decide the consequence of treating with nano zinc and
nano selenium as well as potassium silicate as foliar
application on yields and grains excellence of bread wheat
Misr-1 cultivar beneath water stress circumstances.

The trials were conceded in a strip-plot layout with
3 repeats. The straight down plots were separated by
deeper channels and assigned to three water stress
transactions expressed as withholding watering i.e. normal
watering (providing plants 5 waterings i.e. control
treatment), withholding the last watering (providing plants
4 waterings) and withholding the last two waterings
(providing plants 3 irrigations). The horizontal plots were
allocated to eight foliar application transactions with nano
zinc and nano selenium as well as potassium silicate i.e.
without sprinkling (control treatment), sprinkling with
watering water, sol of nano-zinc (Zn) at 200 and 400 mg
for each L, sol of nano- selenium (Se) at 200 and 400 mg
for each L and sol of potassium silicate at 2 and 4 cm? for
each L in each spraying.

Each one experimental element was 3 x 3.5 m
conquering an expanse of 10.5 m?. The foregoing crop was
rice in equally time of years.

Haphazard soil examples were taken from the
investigational area at a penetration of 0 - 30 cm since soil
outward prior to soil planning to assess the physical and
chemical soil advantages as displayed in Table 1.

Table 1. Physical and chemical soil properties of the
investigational field throughout 2019 for
each 2020 and 2020 for each 2021 time of

years.
Soil 2019 foreach 2020 for each 2021
analyses 2020 season season
A: Mechanical analysis:
Coarse sand (%) 5.63 5.75
Fine sand (%) 18.47 18.55
Silt (%) 41.05 40.92
Clay (%) 34.85 34.78
Texture class Clay loam
B: Chemical analysis:
E.C.ds.M1(1:5) 1.65 1.75
pH (1:25) 7.95 8.05
OM (%) 1.65 1.58
S.P. (%) 59.0 59.5
CaCOs (%) 4.75 4.85
. N 38.33 36.45

é‘gﬂ)‘""b'e P 22.15 21.85

K 766.95 755.85

Zn 0.90 0.85
Exctrable Fe 3.55 3.45
DTPA (ppm) Mn 1.45 1.40

Cu 0.12 0.15

The investigational field was so ready through 2
ploughings, compaction, division and later distributed
interested in the investigational entities with measurements
as heretofore revealed. Calcium super phosphate (15.5 %
P,Os) was utilised throughout soil training at 150 kg for
each fed.

Sowing was carried out on November 20" and 23
in the 1% and 2" seasons, in that order. Seeds were sown at
75 kg for each fed with the Afir transmit expertise. Nitrogen
manure was used in the shape of ammonium nitrate (33.5%
nitrogen) at 80 kg nitrogen for each fed as a pulverization in
two equal doses before the 1% and 2" irrigations. Potassium
manure was applied in the shape of potassium sulfate (48%
K20) at 50 kg for each fed by broadcast in a single dose
before the first irrigation. The widespread agricultural
traditions of wheat crop growing were followed permitting
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to the suggestions of the Ministry of Agriculture, except for
the considerations under investigation.

Earliness was decided as the No. of days from
planting to 50 % of plants in each plot heading.

Following 120 days from planting, 10 plants (main-
stem) were randomly chosen from each plot to estimate:

- Total chlorophylls (SPAD).
- Flag leaf area in cm?.
- Plant height (cm).

At harvesting, 10 plants (main-stem) were
randomly designated from each plot to assess the following
creatures:

- No. of spikes for each m?.

- Spike long (cm).

- No. of spikelets for each spike.

- No. of grains for each spike.

- Grains weighing for each spike (g).
- 1000 — grain weighing (g).

- Grain yield (ardab for each fed).

- Straw yield (heml for each fed).

Total N was assessed by the advanced Kjeldahl —
procedure allowing to A.O.A.C. (2019) in soil fertility tests
and fertilizer excellence assessment laboratory, Faculty of
Agriculture, Mansoura University, Egypt. Crude protein %
was computed by reproducing the total N in wheat flour by
means of 5.75.

K % in grains was governed utilizing a flame
photometer permitting to Peterburgski (1968) in soil fertility
tests and fertilizer excellence assessment laboratory, Faculty
of Agriculture, Mansoura University, Egypt.

The whole data were statistically evaluated
matching to ANOVA technique for the strip — plot layout
by process of “MSTAT-C” Computer software bundle as
distributed by Gomez and Gomez (1984). LSD technique
as explained by Snedecor and Cochran (1980) was applied
to assess the variations amongst transaction means at 5 %
level of possibility.

RESULTS AND DISCUSSION

1. Consequence of water stress treatments:

Concerning the consequence of water stress as
withholding last one or two waterings on growing traits,
yield and its ingredients and grains excellence traits, the
obtained results of this study indicated that these characters
were significantly affected by water stress transactions in
the dual time of year as shown in Tables 2 and 3.

Noteworthy, by withholding last one or two
waterings growing characters, yield and its ingredients and
grains excellence traits of wheat were significantly
decreased in the dual time of year of. The maximum
amounts of growing types, yield and its ingredients and
grains excellence traits were produced when normal
watering was done in the initial and next seasons. The
second-best water stress transaction was withholding last
watering concerning its consequence on growing
characters, yield and its ingredients and grains excellence
traits in both time of years. While, the lowest amounts of
growing types, yield and its ingredients and grains
excellence traits were derived from increasing watering
stress by withholding last two waterings in the dual
growing seasons.

The decreases reached about in grain (13.13 and
25.03 %) and straw (17.96 and 30.82 %) yields for each
fed of wheat by withholding last or two irrigations,
respectively as compared to normal watering over both
time of year of this study.

These consequences might be caused by the
adverse consequence s of water stress on growing of wheat
as a result of typically decreases in leaf gas exchange
parameters, photosynthesis rate, stomatal conductance,
intercellular CO, concentration, transpiration rate as well
leaf area, dry mass, relative water content and chlorophyll
content. These consequences are in agreement with those
reported by Mehraban et al. (2019), Genedy et al. (2020),
Havrlentova et al. (2021) and Islam et al. (2021).

2. Consequence of sprinkling with nano zinc and
selenium as well as potassium silicate:

On the topic of the consequence of foliar
transactions i.e. without spraying, sprinkling with watering
water, nano-zinc (Zn) at 200 and 400 mg for each L, nano-
selenium (Se) at 200 and 400 mg for each L and potassium
silicate at 2 and 4 cm® for each L on growing traits, yield
and its ingredients and grains excellence traits, it was
significant in the dual time of years. While, sprinkling nano
zinc and selenium as well as potassium silicate
insignificantly affected No. of days to 50% heading in both
time of year as shown in Tables 2 and 3.

Sprinkling wheat plants with sol of potassium
silicate at 4 cm?® for each L exceeded other studied foliar
application transactions and produced the maximum
amounts of growing characters, yield and its ingredients
and grains excellence traits in both growing seasons. The
descending order of other studied foliar application
transactions regarding its consequence on growing
characters, yield and its ingredients and grains excellence
traits was; sprinkling with sol of nano- selenium (Se) at
400 mg for each L, potassium silicate at 2 cm? for each L,
nano- selenium (Se) at 200 mg for each L, nano-zinc (Zn)
at 400 mg for each L watering water, nano-zinc (Zn) at 200
mg for each L and watering water in both time of years .
On the opposite, control transaction gave the lowest
amounts of growing characters, yield and its ingredients
and grains excellence traits in the 1% and 2" easons.

The increases in grain and straw yields for each fed
of wheat by sprinkling with potassium silicate at 4 cm?® for
each L or nano- selenium (Se) at 400 mg for each L,
potassium silicate at 2 cm?® for each L, nano- selenium (Se)
at 200 mg for each L, nano-zinc (Zn) at 400 mg for each L,
nano-zinc (Zn) at 200 mg for each L and watering water
reached about 22.16, 15.64, 12.75, 10.40, 8.08, 5.24 and
3.97 % as well as 27.83, 17.19, 14.73, 12.34, 8.25, 5.79
and 3.22 %, respectively as compared to control
transaction over both time of year of this study.

These results by sprinkling with potassium silicate,
nano- selenium (Se) or nano-zinc (Zn) may possibly due to
that these ingredients may partially recompense for
inadequate uptake by the roots, but requires sufficient leaf
area to develop into consequence (Mengel and Kirkby,
2001). In addition, the role of silicon in tolerance water
shortage, decreasing transpiration in cells, reduces
micronutrient and metal toxicity and improve plant
development (Regina and Katarzyna, 2011). Also, the
beneficial role of foliar application with NPs-Se in enhance
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plant growing by activating the antioxidant system under
nutrient deficiency (Naderi and Sharaki, 2013). Zinc plays
an important role in the production of biomass, chlorophyll
synthesis, pollen function and fertilization (Pandey et al.,

2006). These conclusions are in accordance with those
reported by Al-Juthery et al. (2019), Ikram et al. (2020),
Seadh et al. (2020 b), Adrees et al. (2021) and Ghazi et al.
(2021).

Table 2. No. of days to 50% heading, chlorophyll content, flag leaf area, plant height, No. of spikes for each m?,
spike long and No. of spikelets for each spike of wheat as exaggerated by water stress and foliar
application transactions as well as their contact during 2019 for each 2020 and 2020 for each 2021 seasons.

No. of Chlorophyll Flag Plant No. of s Spike No. of

Characters daysto'SO% content in flag leaf height pikes long spikeletsfor
Treatments heading leaf (SPAD)  area(cm?) (cm) for each m? (cm) each spike

2019/ 2020/ 2019/ 2020/ 2019/ 2020/ 2019/ 2020/ 2019/ 2020/ 2019/ 2020/ 2019/ 2020/

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021

A- Water stress treatments:
Normal watering (control) 9862 9502 2495 2386 7277 6958 1329 1271 5582 5338 1955 1869 2308 2207
Withholding last irrigation 9800 9282 2453 2292 6921 6468 1276 1192 5202 4861 1907 1782 2137 1997
Withholding last two irrigations  97.04 9160 2400 2242 6484 6059 1238 1157 4352 4067 1903 1778 20.79 1943
LSDat5 % 037 037 029 030 005 004 04 03 186 179 002 003 016 015
B- Sprinkling with nano zinc (Zn) & selenium (Se) and potassium silicate:

Without 9722 9251 2079 1958 67.76 6385 1270 1197 3718 3503 1904 1794 2033 1915
Water 97.77 9303 2138 2014 6815 6421 1271 1197 4316 4068 1905 1794 20.77 1957
Nano-Zn (at200 mgforeachL) 97.77 9303 2371 2233 6850 6454 1277 1203 4723 4449 1906 17.95 2155 2031
Nano-Zn (at400 mgforeachL) 97.88 9315 2414 2274 6872 6475 1280 1206 4950 4664 1906 17.95 2166 2041
Nano-Se (at200 mg foreachL) 97.88 9315 2503 2357 69.01 6502 1282 1208 5485 5170 1938 1825 2211 20.83
Nano-Se (at 400 mg foreachL) 9822 9346 2671 2516 6955 6552 1285 1211 5687 5362 1938 1825 2233 2104
E;’éﬁssl_';ms'""ate @2cmfor o511 9336 2560 2411 6925 6525 1283 1209 5542 5225 1938 1825 2233 2104
E;’éﬁssl_';ms'""ate @4cmior 55> 9346 2850 2693 7056 6648 1300 1225 5941 5603 1939 1826 2288 2157
LSDat5 % - - 045 043 009 008 05 05 149 139 003 004 032 057

Table 3. No. of grains for each spike, grains weighing for each spike, 1000-grain weight, grain and straw yields for each
fed, crude protein and potassium (K) percentages in wheat grains as exaggerated by water stress and foliar
application transactions as well as their interface during 2019 for each 2020 and 2020 for each 2021 seasons.

No. of Grains 1000- Grainyield  Straw yield Crude

grainsfor  weighing for grain (ardab for (heml for protein K
Characters . . I o (%0)
Treatments eachspike  eachspike (g) weighing(g)  eachfed) each fed) (%)

2019/ 2020/ 2019/ 2020/ 2019/ 2020/ 2019/ 2020/ 2019/ 2020/ 2019/ 2020/ 2019/ 2020/

2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021 2020 2021

A- Water stress treatments:

Normal watering (control) 8808 8423 6.050 5785 6771 6475 2379 2275 1792 1714 1129 1080 2641 2525
Withholding last irrigation 7512 7020 6.024 5632 6471 6048 2090 1954 1487 1390 1065 995 2245 2097
Withholding last two irrigations  67.70 6327 5503 5146 6267 5857 1804 1686 1254 1172 987 922 1718 1606
LSDat5 % 032 030 008 0081 009 008 030 028 021 019 003 002 009 0083

B- Sprinkling with nano zinc (Zn) & selenium (Se) and potassium silicate:
Without 7377 6956 5701 5374 6373 6004 1905 1796 1359 1282 1037 977 1984 1872
Water 7411 6988 5701 5374 6436 6064 1981 1867 1403 1323 1046 977 2057 1941
Nano-Zn (at200 mg foreachL) 7544 7113 5713 5387 6471 6096 2005 1890 14.38 1356 1052 985 2102 1983
Nano-Zn (at400 mg foreachL) 76.11 7176 5716 5389 6472 6098 2059 1941 1471 1388 1055 992 2147 2024
Nano-Se (at200 mg foreachL) 7744 7301 5928 5584 6525 6147 2103 1983 1527 1440 1060 994 2206 2082
Nano-Se (at400 mg foreachL) 79.88 7531 6.038 5687 6561 6180 2203 2077 1593 1502 1070 1005 2256 2128
Potassumsilicae @2omforeach) 7833 7385 6.037 5686 6538 6159 2148 2025 1559 1471 1066 999 2233 2107
Potassiumsilicae (@4omforeachL) 80.66 76.05 6.041 5688 6649 6264 2327 2194 1738 1638 1096 1008 2626 2473
LSDat5 % 055 054 0108 0105 042 039 034 032 030 029 004 003 0130 0125

3. Consequence of interaction:

Normal watering of wheat plants (providing plants
5 irrigations) and Sprinkling two times with potassium
silicate at 4 cm® for each L lead to obtain the maximum
amounts of grain and straw yields for each fed of wheat in
both time of year as shown from data graphically
demonstrated in Figs 1 and 2. This transaction followed by
normal watering of wheat plants and sprinkling two times
with nano- selenium (Se) at 400 mg for each L, then
normal watering of wheat plants and sprinkling with
potassium silicate at 2 cm® for each L in both time of years.
It was worthy to mentioned that withholding last watering

(providing plants 4 irrigations) and sprinkling two times
with potassium silicate at 4 cm?® for each L significantly
exceeded grain yield for each fed of wheat as compared
with normal watering (providing plants 5 irrigations)
without foliar application which usually done by most
farmers in both time of years, as shown from data
graphically illustrated in Fig 9. Alternatively, the lowest
amounts of grain yield for each fed of wheat were resulted
from withholding last two waterings (providing plants 3
irrigations) without Sprinkling in the dual growing seasons.
These consequences are in concurrence with those
obtained by Adrees et al. (2021)
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Fig. 1. Grain yield (ardab for each fed) of wheat as exaggerated by the interface between water stress and foliar
application transactions during 2019 / 2020 and 2020 / 2021 seasons.
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Fig. 2. Straw yield (heml for each fed) of wheat as exaggerated by the interface between water stress and foliar
application transactions during 2019 / 2020 and 2020 / 2021 seasons.

CONCLUSION

It can be accomplished that normal watering of
wheat (providing plants 5 irrigations) and sprinkling with
potassium silicate at 4 cm® for each L to maximize growth,
yields and grain quality. To continue elevated productivity
and grains excellence simultaneously diminish water
requirements, it could be suggested that withholding final
watering and sprinkling with potassium silicate at 4 cm? for
each L under the ecological circumstances of Dekernis
district, Dakahlia Governorate, Egypt.
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