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ABSTRACT

Dual field trials were passed at Investigational Station Farm, Faculty of Agriculture, Mansoura
University, Dakahlia Governorate, Egypt, throughout 2019 and 2020 time of year to study the outcome of
spraying through nano-zinc levels (without, spraying with nano zinc at 200, 400 and 600 mg/L) and mineral NPK
levels i.e. 100, 80, 60 and 40 % of proposed dosages on development, income and its features and characteristic
of maize grains. Spraying maize thru Zn in nano from at 600 mg/L produced high ranking standards growing
characters, income and its properties and quality characteristics of maize grains. Mineral fertilizing along with
120.0 kg N plus 45.0 kg P20s plus 24.0 kg K2O/fed produced high-ranking standards of growing qualities,
income and its properties and characteristic of maize grains. It could be concluded that spraying with nano zinc at
600 mg/L besides fertilizing with 120.0 kg N plus 45.0 kg P2Os plus 24.0 kg K2Offed to produce utmost
productivity and grains quality. While, to preserve high productivity and grains quality simultaneously lessen
production charges and ecofriendly pollution, it could be proposed spraying with nano zinc at 600 mg/L as well
as fertilizing with 96.0 kg N plus 36.0 kg P20s plus 19.2 kg K>O/fed under ecological environments of Mansoura

district, Dakahlia Governorate, Egypt.
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INTRODUCTION

Maize (Zea mays L.) is the 3 extremely valuable
crop global, subsequent rice and wheat. The maize grains
comprised of roughly 72% starch, 10% protein, 5% oil, 2%
sugar, and 1% ash with the residual being water (Perry,
1988). Maize is one of the most important sources of edible
oil besides secondhand as a fodder for livestock whether
fresh, silage or grains.

Hence, a wonderful effort has been exerted to
increase maize production either one by improving the
cultivated area or expanding crop per unit area to lessen the
difference between the production and the consumption.
Thus, among factors that enhance maize productivity using
nano zinc as foliar application and mineral nitrogen,
phosphorus and potassium fertilizers levels as a new
technique in fertilizing maize plants.

Zinc (Zn) is mandatory by plants for best possible
metabolic rate, the effectiveness of this micro-component be
contingent on its assimilation and translocation (Rengel,
2001). The use of zinc oxide nanoparticles (ZnO NPs) is
well-thought-out a bio secure substantial for biotic types,
since their effectiveness has been established to encourage
the development of plants, in addition to in the destruction of
sickness and the defense of plants for their antimicrobial
action (Singh et al., 2017). Uma et al. (2019) revealed that
foliar application with nano ZnO at 500 ppm recorded
higher ear length, No. kernels/ear, 100-kernel weight
ultimately resulted in higher grain and stover crops/ha. Ram-
Prosad et al. (2020) revealed that zinc is involved in
manufacturing growth factors like auxins, which help plants
create more cells and dry matter. Abbas et al. (2021)
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concluded that Zn foliar application especially in the nano
form increased maize grain crop. Harish-Kumar et al. (2021)
stated that application rate of 750 ppm of zinc nanoparticles
put forward the maximum grain crop. Ahmad et al. (2022)
specified that a great propounding for improving plant
growing characteristics through nano ZnO bio-fortification
in sandy-acidic soils. Azam et al. (2022) discovered that
ZnO as nano-fertilizer  heightened the  growing
characteristics and grain crop of maize. Choudhary et al.
(2022) found that significantly highest grain, stover and
biological crop were recorded with the dual foliar
application of zinc-based nano-fertilizer at knee high stage
and at 50 % tasseling stage over single stage foliar
application. Reddy et al. (2022) concluded that because of
the increased availability of macro and micronutrients to the
plants, nano-Zn significantly improved plant progress and
crop factors in maize. As a result, current agricultural
research is focusing heavily on nano fertilizers as an
alternative to chemical fertilizers, allowing for a more
environmentally friendly approach in agriculture.

Crop improves up to maximum value and diminishes
if utilized in an additional quantity of nitrogen. Nitrogen
impacts numerous  physiological and  biochemical
procedures in plant cells that eventually impact the
development of plant. Appropriate nitrogen purposes as
basal dosages at planting stage, split dosages at important
growth stages such as knee high, and flowering stages are
required for above average grain crop (Shrestha et al., 2018;
Ali et al., 2019; Baloch et al., 2020; Imran et al., 2021;
Bojtor et al., 2022; Omar et al., 2022 and Reddy et al.,
2022).
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Due to the fixation of phosphorus under Egyptian
soil conditions, great attention must be paid to find the
optimum rate of phosphorus application for maximum crop
and higher quality of grains. Phosphorus has been
recognized as a major element for plant nutrition and various
recommendation on the rate of phosphorus for agronomic
crop have been made. Ali et al. (2019) indicated that
significant effect of phosphorus rates on days to plant
tallness, No. grains ear?, grain crop, biological crop and
harvest index. Bouras et al. (2021) showed that phosphorus
applications tend to increase grain crop and biological crop.
Getnet and Dugasa (2021) indicated that the highest grain
crop was obtained with the highest rate of P (45 kg P/ha).
Likewise, application of P significantly influenced dry
biomass crop, plant tallness, ear length, No. ears per plant
and 100-kernel weight. Naomi et al. (2021) reported that
usage of 150 kg phosphate fertilizer ha of increased weight
of 100 grains, while application 100 kg ha increased grain
crop per hectare. Sankadiya and Sanodiya (2021) showed
that growth parameters, crop features, grain crop/ha, stover
crop/ha were found to be significantly highest with
fertilizing maize with 70 kg P/ha.

Maize is mainly cultivated in the arable soils of Nile-
valley, Nile-Delta and fertilized with N and P without any
addition of K or micronutrients. One of the serious side
effects of the high Dam construction is the deprival of silt
from the soils. The native potassium content in the Egyptian
soils has served as a potential reserve for crop removal of
this element for the last 40 years. Gradual depletion of this
reserve by continued cultivation should, therefore, be
reconsidered in more extensive studies. Thus, must
eventually lead to a comprehensive revision of the
fertilization policy used presently for potassium. Under
Egyptian conditions, soils are not rich enough to supply
plants with their requirements of nitrogen, phosphorus and
potassium. Nanganoa et al. (2020) described that a
substantial soil potassium (K) insufficiency across various
agro-ecological regions can have considerable impacts on
maize production. Hence, potassium fertilizer is highly
proposed to increase food production per unit area.
Sankadiya and Sanodiya (2021) showed that growth
parameters, crop features, grain crop/ha and stover crop/ha
were found to be significantly highest with fertilizing maize
with 60 kg K/ha. Ngosong et al. (2022) revealed that K
fertilization produced further pay packet that with the 90 kg
K ha'! rate being the most cost-effective for maize
production. Wang et al. (2022) reported that K-fertilizer can
enhance maize grain crop and soil available K content.

Thus, this research was founded to establish the
impact of spraying with nano-zinc levels and mineral NPK

levels on development, crop, its features and grains
characteristic of maize S.C. Watanya-6.

MATERIALS AND METHODS

Dual field trials were passed at Investigational
Station Farm, Faculty of Agriculture, Mansoura University,
throughout 2019 and 2020 time of year to study the outcome
of spraying through nano-zinc levels and mineral NPK
levels on development, income and its features and
characteristic of maize grains.

Each experimentation was carried out in a strip-plot
design including three replicates. The vertical-plots were
designated to four foliar spraying with nano-zinc levels
(without spraying “control treatment”, spraying with nano
zinc at 200, 400 and 600 mg/L in each spraying) twice after
30 and 45 days from planting. The horizontal plots were
distributed to four mineral NPK levels i.e., 100, 80, 60 and
40 % of the proposed dosages (120.0, 96.0, 72.0 and 48.0 kg
N plus 45.0, 36.0, 27.0 and 18.0 kg P;Os plus 24.0, 19.2,
14.4 and 9.6 kg K;O/fed).

Synthesis of metal nanoparticles:

Zinc nanoparticles was eco-friendly synthesized
using the method reported by Pattanayak and Nayak (2013)
and slightly modified by El-Refai et al. (2018). Agueous
solutions of zinc sulfate and ascorbic acid were prepared
using deionized water with three concertation levels (200,
400 and 600 ppm) for both solutions. Each concentration of
ascorbic acid (20 mL) was added to the same concentration
of metal salt solution (20 mL) by dropping very carefully to
avoid rapid reaction which causes larger particle size and
formation of precipitate under stirring for 2 hours at room
temperature. The resulting nanoparticles were synthesized in
an equimolar ratio of (1:1) according to Ibrahim et al.
(2019).

Calcium super phosphate (155 % P,0Os) was
employed throughout soil provision (after determining the
experimental units) at the aforementioned rates. The N-
fertilizer in the manner of ammonium nitrate (33.5 % N) was
utilized at the above-mentioned ratios as transmitting in two
identical dosages one one-half after thinning (before the
second irrigation) and the other half before the third
irrigation. The K-fertilizer in the manner of K-sulphate (48
% K0) at formerly mentioned rates was utilized in one dose
before the first irrigation.

Soil samples were taken at haphazard from the
investigational field area at a depth of 0 - 30 cm from soil
outside before soil preparation to determine the mechanical
and chemical soil estates as shown in Table 1.

Table 1. Mechanical and chemical soil characteristics at the experimental sites during 2018/2019 and 2019/2020

Seasons.

Physical properties

Particle size distribution Texture F.C. P.W.P Auvailable water Bulk
Sand% Silt% Clay% % % % Density g cm®
2019 211 326 46.3 Clayey 32.25 16.00 16.25 117
2020 21.2 335 45.3 Clayey 32.40 16.00 16.00 114
Chemical properties
Available, ppm E.C Soluble cations, meg/L Soluble anions, meg/L
OM%  CaCOs% ——5 g ggm? Mg™ Na* K Cos HCOs CF_ SO&  pH
2019 262 2.95 22 7 145 1.65 55 6.0 39 11 00 50 64 51 7.88
2020 2.87 2.50 31 11 175 171 5.0 5.6 45 20 00 5.5 7.0 4.6 75
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The experimental field was well prepared. The
conventional agricultural procedures for producing maize
corresponding to the suggestions of Ministry of Agriculture
have been, not including for the factors under investigation.

At harvesting period, samples of three restrained
plants were taken at chance as of each one plot to decide;
plant tallness (cm), ear tallness (cm), ear leaf space (cm?)
according to Gardner et al. (1985), ear distance in cm, ear
thickness in cm, No. of rows/ear, No. of grains/row, ear
grains weight in g, weight of 100 grains in g, grain crop
(ardab/fed), protein and oil ratios in grains (%) according to
A.0.A.C. (2007).

The acquired data were statistically evaluated as
issued by Gomez and Gomez (1984) corresponding to the

system of analysis of variance (ANOVA) for the strip — plot
design. Least significant difference (LSD) technique was
used as illustrated by Snedecor and Cochran (1980) to
examine the variations amongst medication means at 5 %
level of probability.

RESULTS AND DISCUSSION

Effect of foliar spraying with nano-zinc levels:

Regarding the effect of foliar spraying with zinc
levels in nano form (200, 400 and 600 mg/L in each
spraying) in addition control treatment (without foliar
spraying with nano-zinc) significantly affected growing
characteristics, crop and its features and grains excellence of
maize in both time of year (Tables 2 and 3).

Table 2. The averages of plant and ear tallness, ear leaf space, ear length and diameter and No. rows/ear of maize as
affected by spraying with nano-Zn and mineral NPK levels and their interaction throughout 2019 and 2020

summer seasons.

Characters Plant tallness Ear tallness Ear leaf space Ear length Ear diameter No. rows/ear
Treatrments (cm) (cm) (cm)? (cm) (cm) '

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
A. Foliar spraying with nano-zinc levels:
Without 2514 2383 1338 1041 5103 5565 1881 1893 418 437 1216 1283
Nano-zincat200 mg/L 2716 2426 1405 107.7 5904 6372 1897 1924 427 484 1250 13.00
Nano-zincat400 mg/L 2894 2469 1466 1173 6930 6553  21.01 1958 445 498 12.66 14.66
Nano-zincat600mg/L 3090 2515 1502 1222 7733 7257 2109 2100 486 513 14.00 14.83
F. test * * * * * * * * * * * *
LSDat5% 2.1 28 2.1 27 20.5 20.9 045 040 007 010 060 068
B. NPK levels (ratio from the proposed doses):
100 % 2900 2509 1527 1159 7104 7058 2026 2064 466 508 13.83 15.00
80 % 2832 2461 1463 1160 6712 6558 2022 1956 448 490 13.00 14.16
60 % 2765 2427 1397 1120 6124 6172 1982 1945 441 481 1250 1333
40% 2716 2396 1325 1075 5731 5960 1959 1909 420 453 1200 12.83
F. test * * * * * * * * * * * *
LSDat5% 18 20 14 16 145 15.3 050 060 005 007 095 106
C- Interaction (F. test):
AxB * NS * NS * * NS * * * * NS

Table 3. The averages of No. grains/row, grains weight/ear, 100-grain weight, grain crop/fed, protein and oil
percentages in maize grains as affected by spraying with nano-Zn and mineral NPK levels and their
interaction throughout 2019 and 2020 summer seasons.

Characters No. grains Grains weight/ear ~ 100-grain weight Grain crop Protein Oil
Treatrments /row Q) @ (ardab/fed) (%) (%)
2019 2020 2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
A. Foliar spraying with nano-zinc levels:
Without 3716 35.00 1820 1416 4418 4420 2504 2518 718 6.88 601 571
Nano-zinc at 200 mg/L 3925 4241 1883 1683 4527 4524 2573 2581 727 697 6.09 578
Nano-zinc at 400 mg/L 4091 48.00 2154 1962 4545 4548 2687 2676 745 714 696 661
Nano-zinc at 600 mg/L 4191 51.08 2345 2129  46.06 4615 29.09 2860 786 753 760 721
F. test * * * * * * * * * * * *
LSDat5% 1.06 112 216 225 0.12 0.10 024 022 007 008 019 018
B. NPK levels (ratio from the proposed doses):
100 % 4183 49.16 2158 1925 4568 4585 2719 2738 767 735 716 6.80
80 % 4125 4566 2041 1825 4567 4558 2679 2677 748 716 6.76 641
60 % 3891 4258 2016 1750 4541 4544 2656 2653 741 710 6.68 6.33
40% 3725 39.08 1987 1691 4420 4421 2617 2568 720 6.90 6.06 575
F. test * * * * * * * * * * * *
LSDat5% 0.88 0.92 14.7 15.2 0.10 0.08 0.26 024 004 005 022 021
C- Interaction (F. test):
A X B NS * NS NS * * * * * * * *

It is clearly seen that, spraying maize plants two
times thru Zn in nano from at the rate of 600 mg/L in each
spraying produced the high-ranking standards of growing
characteristics, crop and its features and grains excellence of
maize in the two growing seasons. The second-best foliar

spraying treatment was spraying maize plants thru Zn in
nano from at the rate of 400 mg/L, which was followed by
spraying thru Zn in nano from at the rate of 200 mg/L
concerning its effect on growth characters, crop and its
features and grains quality in both season. While, the lowest
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values of growing characteristics, crop and its features and
grains excellence of maize were obtained due to the control
treatment (without foliar spraying) in the two growing
Seasons.

These increases in growing qualities, crop and its
characteristics and grains excellence by foliar spraying by
solution of nano zinc at various rates may be due to zinc
plays an important role in the production of biomass (Kaya
and Higgs, 2002), accordingly enhancement nutritive plant
status, meristematic activity, and plant tallness. These results
are in good accordance compatible with those recorded by
Singh et al. (2017), Uma et al. (2019), Harish-Kumar et al.
(2021), Ahmad et al. (2022), Azam et al. (2022), Choudhary
etal. (2022) and Reddy et al. (2022).

Effect of mineral NPK levels:

The obtained results in clearly verification that
mineral nitrogen, phosphorus, and potassium (NPK) levels
significantly affected growing characteristics, crop and its
features and grains excellence of maize in both time of year
(Tables 2 and 3).

The achieved results showed that mineral fertilizing
maize with 100 % of the proposed dosages (120.0 kg N plus
45.0 kg P20s plus 24.0 kg K.Offed) produced the high-
ranking standards of growing characteristics, crop and its
features and grains excellence of maize in the two growing
seasons. This level followed by mineral fertilizing maize
plants with 80 % of the proposed dosages (96.0 kg N plus
36.0 kg P2Os plus 19.2 kg K;O/fed), which followed by
mineral fertilizing with 60 % of the proposed dosages (72.0
kg N plus 27.0 kg P20s plus 14.4 kg K;Offed) and then
mineral fertilizing with 40% of the proposed dosages (48.0
kg N plus 18.0 kg P2Os plus 9.6 kg K:Offed), which
recorded the lowest values of growing characteristics, crop
and its features and grains excellence of maize in the
growing seasons.

The increases in growth characters, crop and its
features and grains quality allied with increasing mineral
NPK ' fertilizers level may be recognized to the role of
nitrogen in protoplasm and chlorophyll ~formation,
enhancement meristematic activity and cell division,
consequently, increases cell size which caused increase in
plant tallness. A similar observation was reported by Baloch
et al. (2020), Imran et al. (2021), Naomi et al. (2021),
Sankadiya and Sanodiya (2021), Bojtor et al. (2022),
Ngosong et al. (2022), Omar et al. (2022), Reddy et al.
(2022) and Wang et al. (2022).

Effect of interaction:

There were many significant influences on growing
characteristics, crop and its features and grains excellence as
a result of the interaction between foliar spraying with nano-
zinc levels and mineral NPK levels (Tables 2 and 3). We
present only the significant interaction on grain and protein
and oil ratios in grains in both seasons.

From the achieved results of this study, it could be
noticed that the high-ranking standards of grain crop/fed
(Fig. 1), crude protein (Fig. 2) and oil (Fig. 3) percentages in
grains were resulted from mineral fertilizing maize with 100
% of the proposed dosages (120.0 kg N plus 45.0 kg P.Os
plus 24.0 kg K,O/fed) and spraying maize plants twice thru
Zn in nano from at the rate of 600 mg/L in each spraying.
The second-best interaction treatment without significant
differences in most cases was mineral fertilizing maize with
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80 % of the proposed dosages (96.0 kg N plus 36.0 kg P2Os
plus 19.2 kg K,O/fed) and spraying maize plants twice thru
Zn in nano from at the rate of 600 mg/L in each spraying
regarding its effect on grain crop and grains quality in both
seasons. The third best interaction treatment was mineral
fertilizing maize with 60 % of the proposed dosages (72.0 kg
N plus 27.0 kg P.Os plus 14.4 kg K.Offed) and spraying
maize plants twice thru Zn in nano from at the rate of 600
mg/L in each spraying in both seasons. While the lowest
values of grain crop/fed, protein and oil ratios in grains were
resulted from mineral fertilizing maize with 40 % of the
proposed dosages (48.0 kg N plus 18.0 kg P2Os plus 9.6 kg
K:O/fed) without foliar spraying with nano-zinc in both
Seasons.
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Fig. 1. Grain crop (ardab/fed) as affected by the
interaction between foliar spraying with nano-
Zn levels and mineral NPK levels during 2019
and 2020 seasons.
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Fig. 2. Protein percentage (%) in grains as affected by
the interaction between foliar spraying with
nano-Zn levels and mineral NPK levels during
2019 and 2020 seasons.
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and mineral NPK levels during 2019 and 2020
seasons.



J. of Plant Production, Mansoura Univ., Vol. 13 (12), December, 2022

CONCLUSION

From the accomplished results of this study, it could
be concluded that foliar spraying maize plants twice after 30
and 45 days from sowing thru Zn in nano from at the rate of
600 mg/L besides mineral fertilizing with 100 % of the
proposed dosages (120.0 kg N plus 45.0 kg P,Os plus 24.0
kg KoO/fed) to produce maximum productivity and grains
quality. It could be proposed foliar spraying maize plants
twice after 30 and 45 days from sowing thru Zn in nano
from at the rate of 600 mg/L as well mineral fertilizing with
80 % of the proposed dosages (96.0 kg N plus 36.0 kg P2Os
plus 19.2 kg K»O/fed) under the environmental conditions of
Mansoura district, Dakahlia Governorate, Egypt.
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