Rsian Soll Research Journal

Asian Soil Research Journal

Volume 7, Issue 1, Page 9-20, 2023; Article no.ASRJ.95605
ISSN: 2582-3973

Effect of Zinc Nanoparticles on Plant
Growth and Some Soil Properties

A. A. Arafat ?, A. K. Abdel Fattah ? S. H. Abd Elghany @
and M. A. Esmaeil ?

% Soil, Water and Environment Research Institute, Agricultural Research Center, Giza, Egypt.
Authors’ contributions

This work was carried out in collaboration among all authors. All authors read and approved the final
manuscript.

Article Information

DOI: 10.9734/ASRJ/2023/v7i1121

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and additional Reviewers, peer
review comments, different versions of the manuscript, comments of the editors, etc are available here:
https://www.sdiarticle5.com/review-history/95605

Received: 27/10/2022
Accepted: 30/12/2022
Published: 18/01/2023

Original Research Article

ABSTRACT

A field experiment with three replications was conducted on sprinkler irrigated sandy soil during two
successive summer and winter seasons (summer 2021 and winter 2021/2022), which cultivated
with corn (Zea mays) and faba bean (Vicia faba L.) at Agricultural Research Station farm in Ismailia
Governorate, Egypt. Faba bean (Vicia faba L.) was cultivated as an indicator crop to evaluate the
residual effect of different rates of zinc nutrient in nanoparticles form versus mineral zinc sulphate
fertilizer and studying their effects on growth and crop yield and some soil chemical properties. The
zinc nutrient forms were applied by fertigation through sprinkler irrigation system. The obtained
results revealed that the corn and bean parts dry matter, yield and some soil chemical properties
including available soil nutrients content, EC, pH and SOM were greatly improved in general with
additions of these nutrients forms. During zinc nanoparticles treatments, the most effective
treatment was with the rate of half dose from minerals at recommended dose (ZnNPs at 50%
MNRD). Mineral forms in normal recommended dose (MNRD) gave nearly equal effect with ZnNPs
at 50 % MNRD.
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1. INTRODUCTION

“Zinc (Zn) represents the second most plentiful
transition metal in organisms after iron” [1]. “Zn is
a fundamental micronutrient for plants, animals
and humans. Generally, Zn absorbed as cation
(zn*") in plants, which works as the metal
component or as a functional structure or a
regulatory co-factor of many enzymes” [2]. “Zinc
is now an integral part of fertilizer
recommendation for most crops in several
countries. It is generally applied along with NPK
as basal fertilizer at seeding (transplanting in
case of rice) although its foliar application is also
recommended” [3]. The essentiality of Zn as a
plant nutrient was established first in corn by
Maze, [4] and later in rice by Nene [5]. Zinc
deficiency in corn results in stunted growth and
the top leaves are shorter and turn white, giving
the name ‘white bud’ to the Zn deficiency in
maize [6]. “Zinc is a prosthetic group in a large
number of proteins and is involved in the
activation of all the six groups of enzymes,
namely, oxidoreductases, transferases,
hydrolases, lysases isomerases and ligases” [7].
Zinc deficiency leads to inhibition of protein
synthesis in plants, which is marked by a decline
in RNA [8], either due to reduced activity of Zn-
RNAPM [9] or reduced structural integrity of
ribosomes [10], or by their enhanced degradation
[11]. Zinc deficiency therefore leads to
accumulation of amino acids and amides in
leaves and shoot tips. Zinc deficiency also leads
to loss in membrane integrity [12]. One of the
important site of protein synthesis in plants is
pollen tubes, which could have a fairly high
concentration of Zn (150 mg kg™) [13] and
adequate Zn is essential for pollen tube
formation in lentils [14]. “Nanotechnology is an
evolutionary science and has introduced many
novel applications in the many fields of sciences
as biotechnology and agricultural industries.
Nanoparticles (NPs) are molecular aggregates or
atomic with size between 1 and 100 nm” [15,16],
“that can sharply change their physical-chemical
advantages compared to macro-molecules”
[17,18]. “They have powerful advantages as a
result of wunique physical and chemical
characteristics and huge surface area relative to
the size, which give them the possibility to
improve the life quality and contribute
competitiveness in industry field” [19]. “However,
as a result of their uniqgue advantages, some
researches have been done on the toxicological
effect of NPs on plants, yet research focusing on
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the investigation of the beneficial effects of NPs
on plants still incomplete. NPs can prospect to
improve the nano-pesticide fertilizers, herbicides
and genes, which target specific cellular
organelles to release their content in plants” [20].
Despite the much information available on the
toxic effect of NPs in plant system, few studies
have been conducted on mechanisms, by which
NPs exert their effect on plant growth and
development. In many studies, increasing
evidence suggests that ZnONPs increase plant
growth and development Siddiqui et al. [20],
peanut [2], soybean [21], wheat [22] and onion
[23]. “Seeds germination and seedling roots are
sensitive stages in the plant growth circle and it
is the critical stage of plants to the alteration in
surrounding environment” [24,25]. Thus, this
stage is a best trend to study the toxicological
mechanisms in plants by environmental
contaminants [26]. There are controversial
reports about the effect of NPs on the growth and
germination of plants [27]. The influence of
ZnoNPs on Cd toxicity on germination
parameters of Faba bean (Vicia faba L.) have
been studied by Salah and Naif [28]. Their
results indicated that the levels of ZnONPs
decreased Cd level in the seedling of Faba bean,
as well as germination parameters whereas
increased some growth parameters. Uzu et al.
[29] explained “the route of nanoparticles when it
used as foliar application. When nanoparticles
were applied on leaf surfaces, it entered through
the stomatal openings or through the bases of
trichomes and then translocated to various
tissues”. Lopez et al. [30] showed that “soybean
root elongation was promoted at 500mg
ZnONPs.L™ but reduced at higher concentration,
this could be attributed to an excess of Zn ions
released by NPs or an interaction between the
NPs and root surface. The interaction of ZnONPs
with plant could be influenced by the species of
plants”. Cakmak [31] reported that “zinc
deficiency is problem in food crops, causing
decreased crop yields and nutritional quality. In
most parts of cereal growing areas, soils have
variety of chemical and physical problems that
significantly reduce availability of Zn to plant
roots; therefore, application of Zn is essential to
improve zinc concentration in cereal grains. Zinc
application for grains is also a great important for
crop productivity which resulted better seedling
vigor, denser stands and higher stress tolerance
on potentially Zn-deficient soils. Zinc derived
from foliar applications is a greater bioavailability
for grains than soil application and useful in
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solving Zn deficiency’. Korezeniowska [32]
showed that “the foliar application of zinc at
reproductive growth stages increase grain and
straw yield significantly in wheat”. Remya et al.
[33] reported that “nanoparticles provided an
efficient means to distribute pesticides and
fertilizers, because its route in plant will be
through  vascular  system, thus these
nanoparticles can be successfully used to unload
agrochemicals (fungicides, insecticides, etc.), or
other substances (plant hormones, elicitors,
nucleic acids) and finally leading to enhancing
growth”. Park et al. [34] investigated interaction
of ZnO-NP and plant during germination and
early growth under greenhouse conditions. They
found that ZnO-NP influence plant temperature
and temperature variations which are useful
indicators of stress response, plant transpiration
and energy balance. The applied of ZnO-NP had
an important effect on plant production and
physiological parameters. Mervat and Bakry [35]
reported that “the treatment of flax plant with
nano ZnO improved the studied growth
parameters, biochemical aspects, and
consequent yield in the absence and presence of
compost”. Christian et al. [36] studied urea
coated with ZnO-NPs and evaluated its effects
on wheat (Triticum aestivum L.). The results
indicated that the grain yield and nutrients uptake
(N. P, K and Zn) were improved in comparison
with urea not coated with ZnO-NPs. Kolenc'ik et
al. [37] showed that “ZnO-NP agricultural
application provides great benefits for plant
physiology and consequent production. The
physiological value is reflected in improved crop
water stress index (CWSI), and in stomatal
conductance (lg), which is a function of plant
water stress and leaf water potential level”. Pérez

et al. [38] reported both zZnS and ZnO
nanoparticles are promising novel fertilizer
nutrients for crops. Haipeng et al. [39]

demonstrates that “ZnO NPs improve the rice
yield, rice quality, and Zn content of the grain.
ZnO NPs application exhibited favorable benefits
in rice processing, appearance, and nutritional
value”. Gehan et al. [40] showed that “the nano-
zinc had a positive effect in increasing wheat and
soybean vyields compared to control (without
zinc). The use of nano-zinc spray had more
effect on yield of wheat and soybean than soil
addition application, yield of soybeans and wheat
increased by 37% and 33%, respectively,
compared to the soil addition of nano-zinc’.
Marek et al. (2022) indicated that “zinc oxide
nanoparticles provide promising nano fertilizer
dispersion in sustainable agriculture. ZnO-NP
exposure positively affected yield, thousand-seed
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weight, and the number of pods per plant,
significant changes in stomatal conductance,
crop water stress index, and plant temperature”.

2. MATERIALS AND METHODS
2.1 Materials

To achieve the aforementioned target, a field
experiment was carried out on sprinkler irrigated
sandy soil during two successive summer and
winter seasons (summer 2021 and winter
2021/2022), which cultivated with corn (Zea
mays) and faba bean (Vicia faba L.) at
Agricultural Research Station farm in Ismailia
Governorate, Egypt, to study the potential
benefits of applied different forms of zinc nutrient
(mineral and nanoparticles) on corn and bean
growth and yield along with some soil chemical
properties including available soil nutrients
content, EC, pH and SOM.

2.2 Treatments

The applied treatments of the studied zinc
nutrient included mineral form as zinc sulfate
ZnS0,4.7H,0 (22.75% Zn) and zinc nanoparticles
(ZnNPs) which supplied by Sigma Aldrich Int. Co
as zinc oxide (ZnO), spherical shape with size
(<100 nm) were added by fertigation through
sprinkler irrigation system, with special reference
to the control treatment (untreated plants) and
normal recommended dose of mineral form
(MNRD). The recommended dose in sprayin9
solution was Zg.l"1 with the rate of 600 liter.fed™.
Zinc sulfate was added in the recommended
dose (RD) from mineral sulfate salts, while zinc
nanoparticles (ZnNPs) was added as a fraction
of mineral salts rate in normal recommended
dose as [ZnNPs at 10% MNRD, 25% MNRD,
50% MNRD, 75% MNRD and 100% MNRD].
Observations were recorded for many
parameters such as; dry weights of plant parts,
yield, available soil nutrients content, soil EC, soil
pH and SOM. The experiment was designed in
randomized complete block design with three
replicates was used, with an area of 20 m?
having the dimensions (4x5 m). The plot area
was divided into 5 bands in case of corn and 8
bands in case of bean, each band extended 5 m.
The distance between each two successive
bands was 75 cm in case of corn and 25 cm in
case of bean. Corn plants were transplanted at
the distance of 25 cm apart, while bean at 15 cm.
Soil fertilizers were applied according the
recommendation of agricultural research center
[41] for corn and bean plant production. The dry
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weight of shoots and roots and vyields were
evaluated. Some soil characters (EC, pH and soil
organic matter SOM) as well as available soil

macro and micro nutrients content were
evaluated also. The different treatments
illustrated in Table (1).

Table 1. Applied treatments in the experiment

Ser. Treatments Treatments Symbol Rate of applied zinc nanoparticles
No. (ZnNPs)
1 TO Control Control (without foliar fertilization treatments)
2 T1 MNRD Mineral fertilizers in Normal Recommended
Dose.
3 T2 ZnNPs A 10 % MNRD 10% RD of Zn as Zn nanoparticles
4 T3 B 25 % MNRD 25%RD of Zn as Zn nanoparticle
5 T4 C 50 % MNRD 50% RD of Zn as Zn nanopatrticles.
6 T5 D 75 % MNRD 75% RD of Zn as Zn nanoparticles.
7 T6 E 100 % MNRD 100% RD of Zn as Zn nanopatrticles

Table 2. Characters of zinc nanoparticles (ZnNPs) used in the studied experiment

Characteristics

Qualitative values

Chemical formula ZnO

Form Nano Powder
Image(TEM) Sphere

Size <100 nm

MP (melting point) 1975°C

Assay 99% metal base
Surface Area (15— 25) m.g™
Density 5.505 g.cm™

Table 3. Some physical and chemical characters of the experimental soil

Characteristics Values
pH (1 :2.5 soil — water suspension) 7.90
Calcium Carbonate % 0.40
Organic matter % 0.35
ECe dS/m ( soil saturation paste extract) 2.69
Soluble Cations (meg. L™)

ca™ 9.69
Mg 4.76
Na* 11.73
K" 0.83
Soluble Anions (me.L™)

CO3~ 0.00
HCOs" 3.73
Ccr 14.45
S04~ 8.83
Available macronutrients (mg. Kg™)

N 15.20
P 6.06
K 78.80
Available micronutrients (mg. Kg™)

Fe 4.02
Zn 1.01
Mn 2.95
Some physical properties

Coarse Sand % 78.00
Fine sand % 14.70
Silt % 4.80
Clay % 2.50
Textural class Sand
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2.3 Methods of Analysis

Soluble cations and anions in soil were
measured according to Page et al. [42] while soil
organic matter and calcium carbonate content
according Black [43]. Soil samples were
extracted by DTPA according to Lindsay and
Norvell [44] and micronutrients in water and soil
were analyzed by inductively coupled argon
plasma spectroscopy (ICP) (perking elmer-400)
according to Cottenie et al. [45]. Nanopatrticles
manufactured by Sigma Aldrich Methods of
Nanomaterials [46]. The obtained results were
subjected to analysis of variance according to
Snedecor and Cochran, [47] and the treatments
were compared by using LSD at 0.05 level of
probability.

3. RESULTS AND DISCUSSION

3.1 Effect of Different Treatments on
Growth and Yield Cultivated Plants

3.1.1 Effect on growth of plants

Data of plant growth parameters are presented
in Tables (4) and (5) revealed that the treatment
of (ZnNPs at 50 %) was the best treatment of
nanoparticles fertilization with respect to dry
weights (DWSs) of shoots, roots and whole
plants. There were significant differences in the
values of shoots, roots and whole plants dry
weights for corn and bean between the
treatment (ZnNPs at 50 % RD) and control.
While these differences were non-significant for
the same treatment when compared to the
treatment MNRD. The treatment ZnNPs at 50%
RD gave the highest value of roots and whole
plant (DWSs) in the case of corn and bean,
followed with the treatment MNRD. Considering
the treatments of nanoparticles fertilization, we
can notice that the nano dose in the half dose of
MNRD nearly equal with the fully dose of
recommended mineral fertilization. While when
the rate of nanoparticles reduced or increased
over the rate of half mineral recommended dose,
the values of plant parts dry weight will be
reduced. Referring to the rate of increase
(relative increase) in plant growth parameters
relative to control, it is clear that these increases
were about 24.00 , 7.50 and 11.74 % over the
control, in case of treatment ZnNPs at the rate of
10% (which received zinc nanoparticles in the
rate  of 10% mineral fertilization from
recommended dose), for root, shoot and whole
plant dry weights of corn, respectively. While the
increase rates for bean parts were 6.74, 9.34
and 8.83 %, respectively. While the increase
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rates were 55.54, 43.35, 46.48, 42.69, 45.87
and 45.25% for the treatment of (ZnNPs at the
rate of 50 % RD), with respect to the dry weights
of plants' roots, shoots and whole plant for corn
and bean, respectively. In general, the results
may suggest that nanoparticles fertilization in
the half rate of recommended mineral
fertilization gave the positive effect on growth of
plants, while the higher or lower than this rate
gave the negative effects. Also the mineral
fertilization in the recommended dose nearly
gave equal results with nanoparticles in the rate
of half mineral fertilization at recommended
dose. The improving in the growth and dry
matter yield of cultivated plants related strongly
with the balance amount of nutrients, while the
deficiency or excess in nutrients requirement
affected negatively on growth status of plants.
Also improvement in the growth may be due to
the involvement of zinc as a micronutrient in
different physiological processes like enzyme
activation, electron transport and stomata
regulation which ultimately resulted in greater
dry matter.

3.1.2 Effect on yield of plants

Results scheduled in Table (6) indicated that
there were significant differences in corn and
bean yield between the treatment ZnNps at 50 %
RD and all other treatments, except between this
treatment and MNRD, which was non-significant
difference. The corn and bean yield responded to
the studied treatments almost typically according
to the descending orders: MNRD > ZnNPs at
50% RD > ZnNPs at 75% RD > ZnNPs at 25%
RD > ZnNPs at 100% RD> ZnNPs at 10% RD >
Control for the corn, while ZnNPs at 50% RD >
MNRD> ZnNPs at 25% RD > ZnNPs at 75% RD
> ZnNPs at 100% RD> ZnNPs at 10% RD >
Control for the bean. Considering the rate of
increase in plant yields as related to control, it is
clear that this increase could be arranged as the
following: The relative increase values of the
tested nanoparticles treatments ranged from
about 2.28 and 22.77 % up to 37.93 and 55.54 %
for corn and bean vyield, respectively. Such
results of zinc nutrient effects on growth and yield
of plants may be according to its role in
physiological and biochemical processes. Zinc
increased the rate of photosynthesis that led to
increase of plant yield. At the small amount of
applied nutrients, the yield of plant had been
declined due to micronutrient deficiency while
high rate of used nutrients may cause toxicity and
will gave negatively effects on yield and growth
parameters [48].
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Table 4. Effect of different treatments on dry matter of corn roots, shoots and whole plant

Parameters Control  MNRD Rates of Zn NPs LSDg.05

(Kg.plot'l) 10% 25% 50% 75% 100%

Root DW* Value 6.50d 9.89 a 8.06 c 8.59¢c 10.11a 9.01b 8.27c 0.35
R.I 52.15 24.00 32.15 55.54 38.62 27.23

Shoot DW* Value 18.80f 27.06b 20.21e 22.05d 29.95a 24.25c¢c 22.03d 0.40
R.I 43,94 7.50 17.29 43.35 28.99 17.18

Whole plant Value 25.30e 36.95a 28.27d 30.0l1c 37.06a 33.26b 30.30c 1.61

DW* R.I 46.05 11.74 20.98 46.48 20.98 19.76

DW?+: Dry weight evaluated per one plant.

RI: Relative Increase.

NPs: Nanoparticles.

Table 5. Effect of different treatments on dry matter of bean roots, shoots and whole plant

Parameters Control MNRD Rates of Zn NPs LSDo.05
(Kg.plot™) 10% 25% 50% 75% 100%
Root DW* Value 0.89¢ 1.28 a 095bc 101b 127a 0.95bc 0.89c 0.07
R.I 43.82 6.74 13.48  42.69 6.74 0.00
Shoot DW* Value 3.64d 5.20a 3.98¢c 451b 531la 4.77b 435b 0.31
R.I 42.86 9.34 23.80  45.87 31.04 19.51  ---
Whole plant  Value 4.53d 6.48 a 493c¢c 552b 6.58a 5.72b 524b 0.29
DW* R.I --- 43.05 8.83 21.85 45.25 26.27 16.77
DW+: Dry weight evaluated per one plant. RI: Relative Increase. NPs: Nanoparticles
Table 6. Effect of different treatments on yield of corn and bean plants
Parameters Control MNRD Rates of Zn NPs LSDg.05
(Kg.plot™) 10% 25% 50% 75% 100%
Corn yield* 1450 e 20.00 a 15.34d 16.74c 19.85a 17.81b 16.41c  0.38
R.I 37.93 5.79 15.44 36.89 2.28 13.17
Bean yield* 6.50e 10.00a 7.98d 9.71b 10.11a 9.05c 8.01d 0.15
R.I 53.85 22.77 49.38 55.54 39.23 23.23
Yield*: was evaluated as kilogram per plot. R.I: Relative increase
3.2 Effects of Different Treatments were ranged (6.06-18.01) mgkg™ for corn
on the Content of Soil Available meanwhile in case of bean these values were

Macronutrients

Data in Tables (7) and (8) showed that the soil
available macronutrients contents were greatly
affected by the different applied nanoparticles
and mineral fertilization treatments. There were
significant differences in soil available N and K
after corn and bean harvest between the control
and the treatments MNRD, 10 , 25, 50 , 75 and
100 % Zn NPs. While, there were a slight
difference between the treatment Zn NPs at 50
% RD and MNRD treatment. The averages
values of nutrients content under the control
treatment for corn were about (13.85, 6.06 and
98.51) mg.kg'l for N, P and K, respectively.
While these values under bean treatments were
(10.69, 5.03 and 79.81) mg.kg™ for N, P and K,
respectively. The values of nutrients contents
were increased under the different
treatments according to the following ranges:-
For nitrogen treatments; the values were ranged
(13.85-40.01) mg.kg'l for corn, meanwhile in
case of bean these values were (10.69-49.71)
mg.kg'l; For phosphorous treatments; the values
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(5.03-19.81) mg.kg'l; For potassium treatments;
the values were ranged (98.51-210) mg.kg'1 for
corn meanwhile in case of bean these values
were (79.81-201) mg.kg’. The minimum
increments values of nutrients were given for
nitrogen and potassium under zinc nanopatrticle
treatments in the rate of 10%RD for corn and
bean, respectively. While the phosphorus
nutrient values were minimized with ZnNPs at
100% RD for corn and bean, respectively.
Meanwhile, the maximum increments for nitrogen
and potassium under zinc nanoparticle
treatments at 50% for corn and bean,
respectively. For phosphorus, the values were
maximized under the treatment of mineral normal
recommended dose MNRD for corn and bean,
respectively. The phosphorus content values
were decreased as the rate of zinc nanoparticles
increased. These results were caused by
antagonistic relationship between Zn and P as
the result of competition at the adsorption sites of
plant root. These observations were in
agreements with these reported of Rajaie et al.
[49].
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Table 7. Effects of different treatments on the content of soil available macronutrients after
corn harvest

Parameters Control MNRD Rates of Zn NPs LSD ¢.05
(mg.kg™ 10% 25% 50% 75% 100%
N content 13.85d 38.21a 14.31d 18.45c 40.01 a 26.10b 21.11c 2.81
R.I 175.88 6.90 33.21 188.88 88.45 52.42
P content 6.06e 14.93 b 18.01 a 16.31b 15.03 b 11.80c 9.71d 1.68
R.I 146.37 197.19 149.14 148.02 94.72 50.23
K content 9851c¢c 210.00a 115.00b 120.00b 198.78a 126.00b 139.00b 14.36
R.I 113.18 16.74 21.82 101.79 27.92 41.10

Table 8. Effects of different treatments on the content of soil available macronutrients after
bean harvest

Parameters Control MNRD Rates of Zn NPs LSD ¢.05
(mg.kg™) 10% 25% 50% 75% 100%
N content 10.69 e 48.31 a 16.45d 19.34d 49.71 a 28.71b 2341c 2.95
R.I 351.92 55.12 80.92 365.01 168.57 118.99
P content 5.03f 17.63c 19.81a 17.13 ¢ 18.31b 13.01d 1191e 0.62
R.I 250.49 293.84 240.56 264.02 158.65 136.78
K content 79.81e 201.00a 103.00d 114.00d 195.06a 129.00c 147.00b 12.90
R.I 151.85 29.06 42.86 144.41 61.63 84.19

3.3 Effects of Different Treatments on the
Content of Soil Available
Micronutrients

Data in Tables (9) and (10) showed the effects of
studied treatments on soil available
micronutrients content. There were significant
differences in soil available micronutrients
between the control and all of the other
treatments. While, there were slight differences
between MNRD and 50 % ZnNPs treatments.
The observed effects could be summarized as
follows; The increase in the nutrients content as
compared to control treatment were subjected to
the next scheme: For iron nutrient contents: The
values of nutrients content increased from (4.02
and 3.01 to 18.81 and 19.3) mg.kg'1 for corn and
bean, respectively. For zinc nutrient contents, the
values of nutrients content increased from (0.75
and 0.51 to 8.34 and 9.31) mg.kg™ for corn and

bean, respectively. Meanwhile, for manganese
nutrient contents, the values of nutrients content
increased from (3.34 and 2.91 to 15.41 and
13.51) mg.kg™ for corn and bean, respectively.
The maximum increments values of iron content
were given under the ZnNPs at the rate of 10%
RD, while zinc content values were minimized
under the same treatment for corn and bean,
respectively.  Meanwhile, the manganese
increment values were maximized under the
treatment of ZnNPs at 25% RD which gave the
law values with zinc for corn and bean,

respectively. Total concentrations of zinc
nanoparticles treatments were in reversible
relationship  with iron and manganese

concentration. These results coincided with Ana
et al. [50]. The competitive relationship between
these elements may be due to the participation of
these nutrients in the same biochemical systems.
These results also agree with Nand et al. [51].

Table 9. Effects of different treatments on the content of soil available micronutrients after
corn harvest

Parameters Control MNRD Rates of Zn NPs LSD 0.5
(mg.kg'l) 10% 25% 50% 75% 100%
Fe content 4.02 e 11.35¢c 18.81a 15.31b 11.78c 6.81d 5.61d 1.31
R.I 182.34 367.91 280.60 195.27 69.40 39.55
zn content 0.75d 450c¢ 0.98d 1.01d 495¢c 5.76 b 8.34 a 0.62
R.I 500.00 30.66 34.66 560.00 668.00 1012.00
Mn content 3.34e 6.41d 12.31b 1541a 7.12c 3.71e 4.03 e 0.58
R.I 91.92 268.56 361.38 64.06 11.08 20.66
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Table 10. Effects of different treatments on the content of soil available micronutrients after
bean harvest

Parameters Control MNRD Rates of Zn NPs LSD g5
(mg.kg™ 10% 25% 50% 75% 100%
Fe content 3.01le 14.78 ¢ 19.3 a 17.11b 15.34c 7.83d 6.54d 1.56
R.1 391.03 541.53 468.44 409.63 160.13 172.76
Zn content 0.51c 6.06 b 0.97c 1.51c 6.81b 7.21b 9.31la 0.93
R.I 1088.24  90.20 196.11 1235.36 1313.73 172550  ---
Mn content 291f 5.31d 11.07b 1351a 10.01c 3.01f 431le 0.74
R.I 82.50 280.41 364.26 343.99 3.44 48.11

3.4 Effects of Different Treatments on
Some Soil Chemical Characters

Data in Tables (11) and (12) showed that there
were significant differences in values of soll
electrical conductivity (EC) and soil organic
matter (SOM) content between the control and all
of the treatments. The data indicated also that
there was a slight decrease in soil pH values
after corn and bean harvest.

3.4.1 Effects on soil organic matter (SOM)
content

Data indicated that the investigated soil organic
matter content degraded from (0.51 and 0.61) %
in the case of soil before cultivation to (0.45 and
0.36) % at the treatment of control and mineral
fertilization at normal recommended dose MNRD
for corn and bean, respectively.

For the zinc nanoparticle treatments, the lowest
values were existed under the treatments in the
rate of half dose of mineral fertilization in
recommended dose (50% RD), these values
were 0.46 and 0.38% for the treatments of
ZnNPs at 50 % RD for corn and bean,
respectively. Meanwhile, the other nanoparticle
treatments gave the values of organic matter
higher than this rate but still lower than the value
of soil organic matter (SOM) before cultivation in
case of corn and nearly equal control in case of
bean as the results of nature of bean roots.

The observations on soil organic matter (SOM)
can be explained by referring to alteration
processes of organic matter at rhizosphere. SOM
may be subjected to degradation as the result of
different treatments due to consumption during
mineralization ~ reactions and  exhausted
processes by soil microbes. The cultivation of
soil without organic matter demands led to
decrease the content of soil organic matter,
therefore the lowest results for SOM were found
under the treatments which presented the
highest values of growth and yield of plant, these
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results mainly found under the treatments of
MNRD and ZnNPs at 50% RD, which possess
the highest values of growth and vyield. Other
results will reflect higher values as relation to
minimize the powerful of plant growth under
these treatments. These results agree with Da
Rocha et al. [52].

3.4.2 Effects on soil pH

Data indicated that the investigated soil pH
values were slightly decreased gradually with
applied treatments. These values were
decreased from 7.68 and 7.90 in the case of soil
before cultivating to 7.29 and 7.46 at the
treatments of control and ZnNPs in the dose of
50% RD for corn and bean, respectively.

For all of the different treatments, the values of
MNRD were nearly equal with ZnNPs at 50% RD
and the other treatments were higher than these
rates and still lower than the value of pH before
cultivation for corn and bean, respectively.

According to these previous results and
acidifying effect of soil application fertilizers on
soil after plant removal, the values of pH were
decreased in the locations of treated plants at
root zones and consequently the lowest values
were found under the same treatments which
gave the highest value of plant growth (these
treatments were MNRD and ZnNPs at 50% RD).
These results were coincided with Habashy et al.
[53].

3.4.3 Effects on EC (Soil Salinity)

Results indicated that EC values were increased
with applied treatments. The values increased
from (2.71 and 2.51) dSm™ in the case of soil
before cultivating up to (3.81 and 3.71) dSm™ for
the treatments of ZnNPs at 50% RD for corn and
bean, respectively. EC values related positively
with availability of soil nutrients. The treatments
with high nutrients contents induced high EC
values.
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Table 11. Effects of different treatments on some soil chemical characters after corn harvest

Parameters Control MNRD Rates of Zn NPs LSD ¢.05
10% 25% 50% 75% 100%
EC (dS.m'l) Value 2.71d 3.74 a 3.38¢c 358b 38la 3.71la 358b 0.12
R.1 --- 38.01 24.72 32.10 40.60 36.90 32.10
pH (1:2.5) Value 7.68 7.36 7.57 7.48 7.29 7.38 7.47
R.I -4.17 -1.43 -2.60 -5.11 -3.91 -2.86
OM (%) Value 0.51c 0.45d 0.68a 059b 046d 053c 0.65a 0.04
R.1 --- -11.76 33.33 15.71 -9.80 3.92 -27.45

Table 12. Effects of different treatments on some soil chemical characters after bean harvest

Parameters Control MNRD Rates of Zn NPs LSD o.05
10% 25% 50% 75% 100%
EC (dS.m™) Value 251e 3.67ab 298d 34lc 371a 360b 348c 0.09
R.I -—- 46.22 18.73  25.86 47.81 43.43 38.65
pH (1:2.5) Value  7.90 7.51 7.72 7.61 7.46 7.57 7.64
R.I — -4.94 -2.28 -3.67 -5.57 -14.18  -3.30
OM (%) Value 0.6la 0.36e 0.57b 0.47d 0.38e 0.44d 0.51c 0.031
R.I - -40.98 -6.56 -22.95 -37.70  -27.87 -16.40  ---
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