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Abstract

A pot experiment conducted at the winter season of 2017/2018 in the greenhouse of the National Research Center, Dokki,
Cairo, Egypt to evaluate the response of plant growth and grains mineral status of wheat grown under salinity condition and
sprayed with nano nitrogen fertilizer. The salinity treatments were irrigation by water contains 2500 and 5000 ppm more than
by tap water (280 ppm salts) as a control. Nano fertilizer sprayed at twice times, the first one was at 21 days from sowing and
the second done at two weeks later in the rate of 100 and 200 ppm more than distilled water as a control. Results showed that
dry mater of stem and spikes decreased with the increase in salts concentration up to the highest level used but differences in
leaves and vegetative parts dry matter was not significant. As Na concentration in the root media Na% in grains increased, also
N, Fe, and Cu concentrations in grains increased up to the highest salt concentration used. P and Mn concentration were
increased and then decreased with the 2™ concentration used. However, K concentration was decrease by the Ist level of
salinity and tended to increase by the 2nd level of salinity (500ppm) but still less than the control. Application of the first level
of nano nitrogen (100ppm) showed the highest values of all macro and micro nutrients concentrations in grains except that of
N% and Zn and Mn ppm compared to resulted in the control or the highest level of fertilizer. The concentration of N and Zn
concentrations increased as the increase in the fertilizer concentration but for Mn concentration, no difference between that
from the 1% level of fertilizer or that sprayed by distilled water. However, there is clear depression when the 2" level of
fertilizer spraying than the control treatment. Application of nano fertilizer affected significantly spikes and top dry matter but
the differences in dry weight of stem and leaves of wheat plants not great enough to reach the level of significant. Spike weight
increased by 19.15 and 39.36% and in top dry weight it was increased by 19.27 and 27.75%, respectively compare to the
control ones when nano fertilizer sprayed by 1 and 2 concentrations.
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Introduction yield quality which facilitate for better performance of
conventional fertilizers, play a role in depressive pollutions
without directly providing crops with nutrients (Naderi and
Danesh-Sharaki, 2013 and Liu and Lal, 2014). Moreover, to
increase the fertilizer use efficiency in the conventional
fertilizers which still remains constant for the past several
decades, now a day nano-fertilizers intended to improve this
character with exploiting unique properties of nanoparticles
(Sabramaniani et al., 2015).

The extent of agricultural land to face the increasing
demand for food that is affect by high salinity as adverse
environmental condition is increasing worldwide, due to both
natural phenomena and agricultural practices such as
irrigation systems (Munns and Tester, 2008) also by bad
drainage. In Salinity poses two major threats affected on
plant growth: osmotic stress and ionic stress (Flower and
Colmer, 2008). In addition, it also manifested an oxidative
stress. The salinity deleterious effects led to affect different Wheat (Triticum aestavium L.) is one from the main

physiological and metabolic processes of plants.. The cereal crops in the world as area and production. In Egypt
responses to these mentioned changes are often accompanied ~ Wheat is the first strategical food crop in winter season. Its
by many variety of symptoms, such as the increase of leaf area was 3.47.5669 fed 2014 season (Egyptlan M1n1.stry of

. .. . Agric, Statistics Book, 2014). The increasing production and
thickness and succulence, leaves abscission, necrosis of root technological properties of its grain are considered as from
and shoot, and decrease the internode lengths and also leaf  he main national targets to face the increasing demands
area, (Parada and Das, 2005). caused by the continuous increasing in human population.
Abd El-Aziz et al., (2016) found that treated wheat plant with
Chitosan NPK nano fertilizer to significant progressive

increase in all measured growth variables throughout the

Nano fertilizers as nano materials are found that can
supply plants by one or more nutrients resulting in enhanced
growth and yield, increase nutrient use efficiency, better



2054

adult and reproductive growth and developmental stages. The
growth parameters i.e. root length, shoot length and fresh
weight, dry weight, water content and area of leaves. In
addition, they concluded that the life cycle of wheat was
shorter in plants treated with nano-fertilized than normal-
fertilized plants of wheat with the ratio of 23.5% (130 days
from sowing compared with 170 days for yield production).
Therefore, accelerating plant growth and productivityresulted
from spraying of nano-fertilizers can open new perspectives
in agricultural practice. This conclusion depending on the
response of plants to nano-fertilizers, varies with the plant
species types and their growth stages or nature of
nanomaterials.

Many authors reported the improving in biotic and
abiotic stress tolerance in plant using nanomaterials: Ma
(2004); Sabbour and Hussein (2015 &2016); Saxsena et al.,
2016); Hussein and El-Faham, (2018); Hussein et al. (2015
& 2017) and El-Sharkhawy et al. (2018).

Salinity stress causes the negative impact on various
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Center, Dokki, Cairo, Egypt to evaluate the response of plant
growth and grains mineral status of wheat grown under
salinity condition and sprayed with nano nitrogen fertilizer.
The salinity treatments were irrigation by water contains
2500 and 5000 ppm more than tap by water (280 ppm salts)
as a control. Nano fertilizer sprayed twice, the first one was
at 21 days from sowing and the second two weeks later in the
rate of 100 and 200 ppm more than distilled water as a
control.

The experiment for study the interaction between
salinity and nano nitrogen exogenous application, included 9
treatments, 3 salinity levels and 3 nano nitrogen. The
experiment design is split plot in three replicates. The
analysis of soil and water used properties are illustrated in
Table 1.

Table 1a: Analytical properties of clay soil

biochemical and physiological of crops as found by: Ma CaCO; % 4.6
(2004); al (2013); Jaberzadeh et al. (2013); Hussein and Abu | PH (1~25)_1 7.6
Bakr (2018) and Rahneshan et al. (2018). EC (dSm™) (1.5) 0.22
.. . . . . ) Soluble Cations (mM/L)
Salinity lowering osmotic potential of soil, creation of Ca™ 03
nutritional imbalance, enhancing specific ionic toxicity or s -
. Mg 0.2
one or more combination of these factors, are some of the Na* T4
common implications of salinity stress experienced by plants Kf 0' 5
(Ashraf, 1994). Nano fertilizers application could be a . -
potential approach to address different issues of soil toxicity Soluble anions (MM/L)
and other associated stress problems (Saxena et al., 2016). ﬁgg 0'5
Several investigations were conducted to study the Cl- : 1:0
effect of nano ferilization on alleviation of salt tolerance in SO,- 0.6
difgelr{ent plants:lSa;gilg et al. (2016); Yassen et al. (2017) Available N (ppm) 247
and Hussein et al. (2018). Available P (ppm) 5.6
Thus, this work aimed to investigate the effect of nano- Available K (ppm) 87.9
fertilizer on growth and mineral status of shoots and grains of Available Fe (ppm) 0.9
wheat grown under salinity condition. Available Mn (ppm) 4.2
Materials and Methods Available Zn (ppm). 0.41
Available Cu (ppm) 0.9
A pot experiment conducted at the winter season of
2017/2018 in the greenhouse of the National Research
Table 1b: Analysis of irrigation water used
EC Soluble cations (meq/l) Soluble anions(meq/l)
Source | PH | 4ot 'Na* | K* | Mg™ | Ca™ | CO HCO, Cl- SO-,
Seawater | 7.3 66.1 | 5543 | 4.1 143.5 28.5 - 33 625.0 102.4

Wheat (Triticum aestavim L.) seeds var. Gmmeza 9
were sown at November, 15 (winter season of 2017/2018).
Calcium super phosphate (15.5 P205) and potassium
sulphate (48.5% K,O) in the rate of 1,5 g/pot for each
fertilizer were added before sowing. Ammonium nitrate (33.5
N) added in the rate of 6 g/pot in two equal portions, the 1* at
21 days and the second at 36 days after sowing. The salinity
treatments were started three weeks after sowing till harvest.
Plants were sprayed with 100 and 200 ppm nano fertilizer at
three weeks and fifth weeks after sowing and the s control
plants were spray by distilled water.

Grains from two plants picked from every treatment
with three replicates, cleaned, washed, dried in an electric
oven at 70 C and ground with stainless steel mill. Digestion
and determination of nutrients were done as the methods
described by Cottenie, et al. (1980). Statistical analysis done
as the methods described by Snedecor and Chocran (1980).

Therefore, the goal of this work is evaluate the response
of wheat dry matter and seeds nutritional stats as affected by
nano fertilizer and salt stress.
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Results and Discussion

Salinity
Dry matter

Data presented in Table (2) and Fig 1 noticed that dry
the matter of stem, spikes and above ground parts decreased
with the increase in salts concentration up to the highest level
used but differences in leaves dry matter was not significant.
Salinity negatively affected soil properties especially the
availability of water and nutrients which intern reflected on
reduce the different plants metabolic processes (Marschener,
1995). Soil salinity influences the soil available water range,
and intern in water use of plants, and addition to soil water
content. Salinity, through reduction of soil water potential
and ionic toxicity, dramatically reduces the photosynthetic
rate, root hydraulic conductance, rate and stomata
conductance. Therefore, plant water uptake and productivity
decrease significantly (Ding et al., 2004). Khataar et al.
(2004) reported that low levels of salinity enhanced nutrients
and uptake through extending of its roots but under high
salinity root and shoots of wheat decreased severely. The
responses to the growth changes as the result of salt stress in
most cases accompanied by different types of symptoms,
such as the decrease in area of leaf, thickness increases,
decrease of internode lengths and succulence of Ileaf,
abscission of leaves and necrosis of root and shoot (Parada
and Das, 2005).

Table 2 : Dry matter of wheat plants as affected by salinity.
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plant (Parada and Das, 2005). The crop cells which suffered
from the reactive oxygen species (ROS) accumulation, which
led to severe oxidative damage on plants, due to
environmental stresses. ROS are toxic molecules exist in
different subcellular compartments. The equilibrium between
the production and detoxification of ROS is sustain by
enzymatic and non-enzymatic antioxidants (Abd El-Baky et
al., 2008 and Orabi et al., 2018). Caversan et al. (2016)
reported that wheat plants increase mechanisms of
antioxidant defense under abiotic stresses, such as cold, heat,
drought, salinity and UV-B radiation, to diminish oxidative
damage. Moreover, H,0O, signaling is consider as an
important factor contributing to stress tolerance in cereal
plants.

b)-Mineral status

Examination of Data in Table 3 and Fig 2 revealed that
N, Na, Fe and Cu increased parallel to the increase of salinity
up to the highest level used The reverse was true for K and
Mg concentration. However, the concentration of P, Mn and
Zn in wheat plants showed its higher values when plants
irrigated by 2500 ppm salty solution while the opposite was
shown with Ca concentration.

Table 3 : Macronutrients (%) and micronutrients (ppm)
concentrations of wheat grains as affected by salinity.

Salinityy N | P | K |Ca|Mg| Na (Fe| Mn |Zn| u

Tw |2.31/0.313]0.7931091|041)|0.147|208|11.33|7.98| 8.26

Sal. | DWg 2500 |2.34|10487]0.77210.81]0.39]0.152]222]12.63|8.56|11.31
ppm Stem Leaves Spikes Top 5000 [2.4210.484]0.62610.92]0.36]0.163]245]12.53|8.50|18.42
W 3.21 0.88 4.19 8.28 T.W.: Tap water
2500 2.46 0.97 3.33 6.76
5000 2.44 0.83 2.65 5.92 37
LSD at5% 0.223 N.S 1.708 N.S 55 A
Sal.=Salinity Tw= Tap water DW= Dry weigh '
9 2
8 15 M Seriesl
7 W Series2
6 i i Series3
M Series1 L 5 l l
. 05 |
W Series2 )
Series3 -3 o | N l 1
— 2 Na Mg Ca K P N
— . Fa
‘ ‘ ' _ ‘ -0 300
Stem Leaves Spikes Top
Series 1: Tap water, Series 2: 2500 ppm salts, Series 3:5000 ppm salts 250
Fig. 1: Dry matter in grams of wheat plants as affected by 200
Salinity M Seriesl
Salinity stress (so from soil salinity or by saline water 1301 W Series?
irrigation) causes the negative impact on various biochemical oG 4 Coriess
and physiological processes which are associated with plant
growth, yield and yield components (Marshener, 1995; 50 4
Munns et al., 2006 and Husseien et al., 2008). Lowering of
soil osmotic potential, creation of nutritional imbalance, 0 | =mEESN s SN
enhancing specific ionic toxicity (salt stress) or one or more cu Zn Mn Fe
combination of these factors, are some of the common

implications of salinity stress experienced by plants (Ashraf,
1994 and Hussein and Abu Bakr, 2018). Some other vital
processes like photosynthesis, protein synthesis and lipid
metabolisms etc. badly affected by salinity stress within a

Series 1: Tap water, Series 2: 2500 ppm salts, Series 3:5000 ppm salts

Fig. 2 : Macronutrients and micronutrients concentrations (%) of
wheat grains as affected by salinity
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The disturbance in mineral status reported in many works:
Hussein et al. (2008); Shabaan et al. 2008, El-Dieweny et al. (2013);
Saleh et al (2016); and Hussein and Abu Bakr (2018). In both
cultivars under study done by Rahneshan er al. (2018), Na™ content
increased in plant organs with increasing Na* in the media. Salinity
treatment decreased the Fe and Pi contents in BS cultivar, while they
remained unchanged in BZ. However, in addition, the high amounts
of salt uptake by the plant leads to the osmotic pressure increase in the
cytosol. Thus, cell homeostasis is maintained by an osmotic
adjustment mechanism which leads to consists the sequestration of
large amounts of ions in vacuoles or/and synthesis of organic
osmolytes (Munns, 2002). Sodium and potassium ions homeostasis
plays a vital role in both growth and development of higher plants
under salt stress due to potassium & sodium (K*—Na*) interaction.
This often associated with K* deficiency (Parida and Das, 2005). K is
indispensable for several physiological processes, including the
membrane maintenance turgor and potential, enzyme activation,
regulation of osmotic pressure, stomatal movement and tropisms
(Golldack et al., 2003). A high ratio of K" to Na"* in the leaves is often
consider as a salt tolerant marker (Maathuis and Amtmann, 1999).
Under salt stress, the calcium (Ca**) content condition is depending on
the specific physiology of the plant organs and its duration. Melgar et
al. (2006) reported that the role of Ca™ in the salt toxicity alleviation is
relate to effect K'/Na* selectivity through controlling the Na* influx
via nonselective ion channels.

Table 4 : Sodium ratios with the other macronutrient (in
concentration basis) as affected by salinity.

Salinity | Na:N | Na:P | Na:K | Na:Ca | Na::Mg | Ca:
ppm (Na+K)
T.W. | 0064 | 0470 | 0.187 | 0.161 0.362 0.959
2500 | 0.065 | 0.576 | 0.216 | 0.188 0.394 0.885
5000 | 0.068 | 0.558 | 0.302 | 0.176 0457 1.281
T.W.: Tap water
12
1
038
m Series1
B Series2 06
Series3

0.4

0.2

Al

Na:N Na:P Na:K Na:Ca  Na:Mg Ca:(Na+K)

Series 1: Tap water, Series 2: 2500 ppm salts, Series 3:5000 ppm salts

Fig. 3: Sodium ratios with the other macronutrients (in
concentration basis) as affected by salinity.

Date illustrated in Table (4) and Fig 3 indicated that
Na:Mg and Na:K increased continuously with the increase in
sprayed fertilizer, however Ca(Na+K) ratio was reversely
responded by this treatment. In addition, Na/Ca ratio
increased with the 1* fertilizer concentration and tended to
decrease but still more than that of the control. Furthermore,
the ratio of Na/N values with the two levels of nano fertilizer
and that of plants did not received nano particles seemed to
be approximately equal. Chipa and Lal (1995) concluded
that this fact confirmed by applying presoaking treatments of
plant hormones to test susceptibility of varieties. On the basis

Wheat plant dry matter and grains nutrients status and its responses to nanofertilizer under salinity condition

of the results obtained in two pot experiments, the limit of the
Na/K ratio of grain and straw of wheat for designating a
variety as tolerant is <0.15 and <0.4, respectively, while this
ratio at, the tillering stage is 0.5. Walia (2005) stated that it
found by applying 100 of Sodium chloride in the hydroponic
solution, the K*/Na" ratio was significantly reduced in two
rice varieties. Morales et al. (2012) emphasized that more
than the effects in growth and yield the lowest Na/K ratio in
stem recorded as result of salt stress in wheat. Fakhrefshani
et al. (2015) revealed that under salt stress the loss of
availability, toxicity of Na+ and ion imbalance cause growth
limitation so plants adapted divert mechanisms to salinity
tolerant. It is repeatedly reported that K deficiency and Na*
are major restriction of global crop production. Fakhrefshani
et al. (2015) added also that K™ is a major agent that can
counteract Na* stresses. That the potential plant to tolerant
salinity is strong dependant of their potassium nutrition.

Nano Fertilizer
Dry matter

Application of nano fertilizer affected significantly
spikes and top dry matter but the differences in dry weight of
stem and leaves of wheat plants not great enough to reach the
level of significant. Spike weight increased by 19.15 and
39.36% and in top dry weight it was increased by 19.27
and27.75%, respectively compare to the control ones when
nano fertilizer sprayed by 1 and 2 concentrations (Table 4).
Nano fertilizer application promoted the growth,
development, TPC, and antioxidant activity in rice, which
intern demonstrating the potential to improve crop
production and plant nutrition (Benzon et al., 2015).

Therefore, results showed increase in nitrogen and
phosphorus, content and uptake and on reverse decrease in
Na content and uptake when adding SiO, nano fertilizer. This
has identified that silicon dioxide nano fertilizer can have a
positive effect on the growth of plant and yield of cucumber
(Yassen, et al., 2017). Sidiqui et al. (2015) recorded that, in
the field of electronics, energy, medicine, and life sciences,
nanotechnology offers an expanding research, such as
reproductive  science and technology, conversion of
agricultural and food. Nanoparticles causing many
morphological and physiological changes, depending on the
properties of NPs. The NPs efficiency is determined by their
chemical composition, surface covering, size, reactivity, and
the most importantly is the doseat which they are effective
(Khodakovskaya et al., 2012). Benzon et al. (2015) revealed
that the conventional and nano fertilizer in the full
recommended rate (FRR) enhanced the height of plant,
chlorophyll content and the number of reproductive tillers,
panicles, and spikelets. Similar results can seen in panicle
weight and grain weight, total shoot dry weight and harvest
index.

Nano fertilizer using caused promotion the growth,
development, TPC, and antioxidant activity in rice, this
demonstrating the potential led to improve crop production
and plant nutrition (Benzon et al, 2015). Salinity stress
causes the negative impact on different biochemical and
physiological processes which are related to creation plant
growth and yield. Lowering of soil osmotic potential,
nutritional imbalance creation, increasing specific ionic
toxicity or one or more combination of these factors (salt
stress), are some of the common implications of salinity
stress experienced by plants (Ashraf, 1994). In addition,
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some vital processes like enzymes reactions, photosynthesis,
protein synthesis and lipid metabolisms or some other
physiological processes were badly affected by salinity stress
within a plant (Hussein et al., 2008 and Parada and Das,
2005). As mentioned by Govorov and Carmeli (2007) nano
particles from different metal sources can found the
efficiency of chemical energy production in photosynthetic
systems. Meanwhile, the nano-fertilizers have higher surface
and reactive area it is mainly due to very less or smallest size
of particles which provide more sites to facilitate different
metabolic process in the plant system result production of
more photosynthesis and intern more growth and yield
(Qureshi et al., 2018).

Salt stress in plants is aggravat by the generation of
reactive oxygen species (ROS) such as superoxide (O-2),
hydrogen peroxide (H,O;) and hydroxyl radicals (OH-)
(Smirnoff, 1995). In order to prevent oxidative damages,
plants mobilize antioxidant enzymes such as superoxide
dismutase (SOD) and catalase (CAT) to scavenge ROS
(Foyer and Graham, 2003). Application of K nano particles
significantly enhanced the activity of both SOD as well as
CAT enzymes in the two genotypes, suggesting a possible
positive interaction of these enzymes with the rise of
cytosolic K. (Gholizadeh et al., 2012). The transported
compounds need for penetration through the cell wall prior to
membrane invagination. Plants are able to take wup
nanoparticles from environment and transport them through
the vascular system to various shoots and stems (Corredor et
al. 2009). Also, Navarro et al. (2008) reported that
nanoparticles induced formation of new pores larger in the
cell wall of plants to allow the entrance of large
nanoparticles.

Table 5 : Dry matter of wheat plants as affected by nano
fertilizer.

Nan DW ¢
Stem | Leaves Spikes Wh
DW 0.77 0.77 2.82 4.36
Nal 0.92 0.92 3.36 5.20
Nan2 0.82 0.82 3.93 5.57
LSD N.S. N.S. 0.715 0.241
DW: Dry weight Nal=NP100 Nan2=NP300 1SD= Least significant
difference
6
m Series1 DW: Distilled w;
M Series2

Series3

Im I

Stem Leaves

5
a
. L 3
2
1
Lo
Wh

Series1: Distilled water Series 2: 100 ppm Nano N Series 3:2 00
ppm Nano N fertilizer

Spikes

Fig. 4 : Dry matter of wheat plants as affected by nano
fertilizer.

Mineral status

It is clear from Data illustrated in Table (3) and Fig 4
that the application of the first level of nano nitrogen showed
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the highest values of all macro and micro nutrients
concentrations in grains except that of N% and Zn and Mn
ppm compared to resulted in the control or the highest level
of fertilizer. The concentration of N and Zn concentration
increased as the increase in the fertilizer concentration\but for
Mn concentration, no difference between that from the 1%\
level of fertilizer or that sprayed by distilled water. However,
there is clear depression when the 2™ level of fertilizer
spraying than the control treatment.

At nano scale physical and chemical properties are
differ than bulk material. If fertilizers use as nano form, it
increase the availability of elements, may prevent fixation
and increased absorption and uptake through different plant
parts (Hussein, et al 2008 a & b; Hussein et al, 2017;
Qurashi et al., 2018 and Hussein er al, 2018). Nano
fertilizers are capable to release nutrient slowly to the crop
plant, which intern increase nutrients availability to the crop
plants though out the growth period which could prevent loss
of nutrient from denitrification, volatilization, leaching and
fixation in the soil area especially NO3;-N and NHy-N
(Qurashi er al., 2018). The use of nanostructured elements
incorporated in a carrier complex that may or may not be a
nanomaterial, as is the case of NPs of essential elements
incorporated by absorption or adsorption in a matrix such as
chitosan, polyacrylic acid, clay or zeolite (Federenko et al,
2015). Use the element per se in a nanostructured form (in
suspension or encapsulated), such as for the NPs of Fe or Zn
for application to soil, substrate or by foliar spray (Mohamed
et al., 2016). Both types of NF contributions have certain
advantages, such as greater solubility and rapid absorption or
less leaching, compared with traditional fertilizers. The first
method is preferred because it provides greater control over
the speed and timing of release of the nutrient element.
Yassen et al. (2017) stated that Si sources (as nano
fertilizers) seems promising to supply this element to plants
for its effectiveness and feasibility, low doses lower cost,
ease of application and good quality of fertilizers used, also
depression of contaminations by the 1* level of NZn and
decreased with the highest level of nano-Zn. In addition its
value became less than the control.

Table 6 Macronutrients (%) and micronutrients (ppm)
concentrations of wheat grains as affected by Nano nitrogen.
Nano |N P | K |Ca|Mg| Na |[Fe| Mn | Zn | Cu
Fer. ppm
Dw  |2.22|0.286]|0.593]0.88|0.36/0.148|209|11.63|7..95| 7.99
100 |2.41]0.380/0.822/0.92|0.39]0.159]241|11.63|8.32|16.33
200 |2.440.315]0.776]0.85|0.40]0.155|224|13.23| 8.77 |13.68

3

25

2
M Seriesl
1.5
MW Series2
1 - Series3
N l l
Na Mg Ca K P N
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Series 1 : Distilled water Series 2: 100 ppm Nano N Series 3 : 2 00
ppm Nano N fertilizer

Fig. 5: Macro (%) and Micronutrients concentration (ppm) in
wheat grains as affected by salinity

Table 7 : Sodium ratios with the other macronutrients (in
concentration basis) as affected by nano fertilizers

application.
Nano Na:N|Na:P|Na:K|Na:Ca|Na::Mg|Ca:(Na+K)
Fer.ppm
D.W. 0.066|0.527{0.291| 0.169 | 0413 1.286
100 0.066|0.422{0.287| 0.174 | 0.409 0.938
200 0.064(0492(0.202| 0.186 | 0.393 0.904
DW=Distilled water
14
1.2
r1
m Series1 +~ 0.8
B Series2 06
1 Series3

|
Na:N

Na:Ca  Na:Mg Ca:(Na+K)

Series1: Distilled water water Series 2: 100 ppm NanoN Series 3: 200 ppm
Nano nitrogen fertilizer

Fig. 8 : Naratios with the other macronutrients (in concentration
basis) as affected by nano nitrogen application

Data in the above Table 7 and Fig 8 showed that Na:K and
Na:P ratios decreased with the first concentration of nano nitrogen
(100 ppm) and tended to increase with second concentration of nano
patticles (200 ppm). Moreover, Na:Mg and Ca:(Na+K) ratios
decreased as the concentration of nano nitrogen spraying increased
but the reverse was true for Na:Ca ratio which the values of this ratio
increased as the level of N nano fertilizer increased up to the highest
level used compare to that in seeds of untreated plants. Meanwhile,
the Na:N ratio seemed to be without effect with the to levels of
fertilizer .

Hussein et al. (2015) indicated that the ratios Na:Ca and
K:Ca decreased with spraying of Zn nano without significant
differences within the application rates, but the opposite was
true for Ca:(K*+Na") ratio. Na:K ratio did not affect by Zn
application; meanwhile, Hussein and Abu Bakr (2018)
demonstrated that the value of K:Na; Ca:Na and Ca:(Na+K)

Wheat plant dry matter and grains nutrients status and its responses to nanofertilizer under salinity condition

ratios in leaves of cotton gave their higher or similar values
with the 1st nano P concentration (100 ppm) compared with
the second level (200 ppm). The reverse was true with that of
the branches. Fleischer et al. (1999) concluded that cell wall
of plants acts as a barrier for easy entry of several external
agent including nanoparticles into plant cells. The pore
diameter was used used to determine the sieving properties of
cell wall which ranging from 5 to 50 nm. Hence, nanoparticle
aggregates or only nanoparticles with diameter less than the
cells wall pore diameter could easily pass through and reach
the plasma membrane (Navarro et al 2008). There is also a
chance for induction of new cell wall pores or enlargement of
pores upon interaction with engineered nano particles which
in turn enhance the uptake of nanoparticle (Nair et al., 2010).
Concerning the effect of salinity on nutrients concentration,
the low concentration of N, P and K recorded in shoots and
fruit of cucumber plants grown under agricultural drainage
water (Yassen et al., 2017). Foliar spray with Silicon dioxide
increased potassium contents increase compared to the
control, although Ca and N contents were reduce in
comparable with the control and uptake of N, P, K Ca and Na
increased reaching maximum at 60 mg (Yassen et al., 2017).
K,SO, in different rates nanoparticles affected significantly
Na/K ratio and the concentrations of calcium, phosphorus,
copper, manganese, and zinc in plant tissue (El-Sharkawy et
al., 2017).

Interaction
Dry matter

Table 8 : Dry matter of wheat plants as affected by nano
fertilizer and salinity.

Sal. | Nan F. ppm DWg
ppm Stem | Leaves | Spikes | Top
T™W Dw 3.27 0.89 3.71 7.87
100 3.14 0.98 422 8.34
200 3.21 0.78 4.55 8.54
2500 Dw 2.22 0.67 2.86 5.75
100 2.61 0.87 3.37 6.85
200 2.55 0.85 3.67 7.07
Dw 2.04 0.74 1.88 4.66
5000 100 2.62 0.90 2.49 6.01
200 2.65 0.84 3.57 7.06
LSD at 5% N.S N.S N.S 0.417

Sal.: Salinity Dw: Dry weight TW: Tap water DW: Distilled
water LSD: Least significant difference

u Top

B Spikes
W Leaves

m Stem

Fig. 9 : Dry matter of wheat plants as affected by nano
fertilizer and salinity.
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The Data illustrated in Table (3) indicated that top and
spikes dry weight increased as the concentration of nano
fertilizer spraying under saline irrigation or tap water
irrigation except for top under moderate salinity which the
highest value with 100 ppm fertilizer spraying. Application
of N nano particles in the rate of 100 ppm increased spikes
weight by: 13.75, 17.83 and 43.87 % while when nano
fertilizer applied at the rate of 200 ppm/L it was increased
by: 22.74, 28.32 and 89.89 % compare to that of sprayed by
distilled water, under, fresh water, moderate salinity or high
salinity, respectively. Adding K2SO4 nanoparticles at the
low level led to the highest shoot dry weight, relative yield,
root length and dry weight of roots in used genotypes. The
application of potassium sulphate nanoparticles at the 1/8 rate
enhanced the plant’s physiological response to salt stress by
lowering electrolyte leakage, increasing catalase and proline
content, and increasing antioxidant enzymes and activity (El-
Sharkawy et al., 2017). The salt presence in soil solution
affects plants through reducing their ability to take up water,
leading to slower growth as well as the toxic effects of salt
ions accumulating inside the plant roots (Munns et al., 2006).
In some species of some crops, these phases may occur
simultaneously. Mian et al., (2014) reported that an increase
in K supply corresponded with higher K accumulation in
plant tissue, which reduced Na- concentration and resulted in
a higher K*/Na-ratio. Munns and Tester (2008) suggested
that plants have a Na ions exclusion mechanism that
maintains a low level of Na in the leaves during salt stress.
Potassium is, also, consider as a major osmolyte in plant
tissue and plays an important role in osmotic adjustment and
maintaining cell turgor. El-Sharkawy et al. (2017) noticed
that the low concentrations of K nanoparticle level also
maintained lower electrolyte leakage and higher proline,
relative water content, and activities of higher level of
superoxide dismutase and catalase. These findings suggest
that the application of K nanoparticles may have better
efficiency than conventional K fertilizer through providing
adequate plant nutrition and overcoming the negative effects
of salinity stress in alfalfa plants. Abd El-Aziz et al. (2016)
noticed that nano particles were taken up which transported
through phloem tissues. Wheat plants treated with
nanoparticles grown on sandy soil (chitosan-NPK) nano
fertilizer cases significant increases in harvest, mobilization
and crop indexes of the determined variables of wheat yield,
in comparable with control yield characters of wheat plants
treated with normal non- nano fertilizers which intern can
open new perspectives in agricultural practice. However, the
plant response to nano fertilizers varies according to the type
of plant species, their stages of growth and nanomaterials
nature. Xiao et al (2008) emphasized that leaching NO3--N
was decrease by applying SRF coated with nano-materials in
a rotation of wheat-maize. Liu et al (2009) indicated that
increases in rice grain yields (10.29%), spring maize
(10.93%), soybean (16.74%), but in winter, season wheat
(28.81%) and vegetables (12.34-19.76%) after applying
fertilizer corporate with nano-materials. As noticed by Liu et
al (2007), mentioned that germination and rooting promoted
early for rice seedling and seeds and the growth of rice at
tillering stage was affect clearly by nano-composites.
Additionally, they indicated that the rice grain yield and
nitrogen agronomic utilization efficiency was increase after
applying nano-carbon in corporation with SRF.
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Mineral content

Examination of Data in Table (7) showed that under
fresh water treatment, the highest percentages of P, K, Na,
Ca, Mg, and Cu in wheat grains were by spraying the nano N
fertilizer in the rate of 100 ppm/L while N, Zn, Mn and Fe
concentration were by 200 ppm level. However, under the
moderate level of salinity, the P,Ca, Mn, Na and Fe high
concentration by the first concentration of nano fertilizer but
for Zn, Mn and Cu it was by the highest level of fertilizer
(200 ppm/L). Also it is clear from Data of the same Table,
the highest concentration of all macro and micronutrients
were by application of 100 ppm/L nano nitrogen except for
Mg and Mn it was by 200 ppm nano fertilizer used when
plants irrigated by water contains 5000 ppm salts.

Table 9 : Macronutrients (%) and micronutrients (ppm)
concentrations of wheat grains as affected by Nano nitrogen
and salinity.

N P| K |Ca|Mg| Na |Fe Mn| Zn | Cu
2.12 |0.287]0.7351092| 036 | 0.136 | 199| 11.7|820| 6.73
227 1033310.908]|0.94|044| 0.150 | 195]10.6 | 7.53 | 10.23
2.55 |0.320/0.737| 0.88 | 042 | 0.150 |230|11.7|820| 7.83
223 |0237/0.712|0.81 | 0.38 | 0.149 |214|11.6|7.81 | 8.13
2.33 |0410]0.733]|0.88 | 0.39| 0.155 |237]12.6|8.56| 9.00
246 |0330] 0.87 |0.74]0.39| 0.153 |214|13.7]9.31 | 16.80
230 |0.333]0.333|091|0.34| 0.159 [214|11.6|7.83| 9.10
263 |0397/0.824]10.93|0.35| 0.167 |292|11.7|8.86| 29.77
232 10.29310.72110.93|0.38 | 0.162 |229|14.3 | 8.80 | 1640
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Fig. 10 : Macronutrients concentrations (%) of wheat grains
as affected by Nano nitrogen and salinity
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Fig. 10 : Micronutrients concentrations (ppm) of wheat
grains as affected by Nano nitrogen and salinity
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Decrease of nitrogen (N) especially nitrate nitrogen
might be related to the antagonistic relation between toxic
(Guntzer et al., 2012). The application of SiO2 nanoparticle
spraying have a benefit role in nutrients status, which
consequently increased the absorption of different nutrients
and alleviatingdamagesof salinity.These results are in
accordance with previous investigation indicated by: Siddiqui
et al. (2014), Gui et al. (2015) and Lui et al. (2015). El-
Sharkawy et al. (2017) reported that the different rates of
potassium nanoparticles affected significantly Na/K ratio and
the concentrations of calcium, phosphorus, copper,
manganese, and zinc in plant tissue. The application of
K2SO4 nanoparticles at the 1/8 rate enhanced the plant’s
physiological response to salt stress by reducing electrolyte
leakage, increasing catalase and proline content, and
increasing antioxidant enzymes, activity. These results
suggest that the application of K nanoparticles may have
better efficiency than conventional K fertilizers in providing
adequate plant nutrition and overcoming the negative effects
of salt stress in alfalfa. Abd El-Aziz et al. (2017) showed that
nanoparticles as chitosan-NPK enter in the stomata are
translocate in the phloem system. The phloem consists of
living vascular tissues that translocate photosynthetic
products including sucrose, proteins and some mineral ions
for plant growth (Wang et al., 2013). The nanoparticles are
carried in the flow of sugar flow through the phloem sieve
tubes to root and shoots as a result of pressure different
between source and sink based on pressure flow hypothesis
or mass flow, which explains the found of chitosan-NPK
nanoparticles inside the tissue of phloem wheat plants and
their absence in the xylem tissue. The observed results
indicate that phloem tissue is the main and unique pathway
for translocation of nanoparticles and in consequence, sport
the penetration of plant leaves and lead to a strong support to
the observed changes in growth, development and life span
of wheat plants affected by nano-NPK fertilizers. The results
obtained by Siddique et al., (2014) concluded the nano
fertilizer induced the best growth results. Therefore, plant
growth and productivity enhancing through the exigently
applied of nano fertilizers can open new perspectives in
future of agricultural practices. This because nano fertilizers
promise to be a safe way to the availability of nutrients and
supplied strongly nutrients to plants without doing and/or
minimized damages to the environment. Nevertheless, we
can advise to conduct further field studies to investigate the
effect of such concentration on growth and metabolism of
wheat plants and to ensure the safety of the nano-treated
plants for t animals and human using. A significant decrease
in the K content observed in root and stem of both cultivars
with increasing salt concentration. It is known that K* can
play an important role in plant growth and development as
well as in the maintenance of osmotic adjustment and cell
turgor (Marschener, 1995). For the plant response to high
salinity, another indicate is the Na/K", is reported to increase
in many plants after treatments (Shabala and Cuin, 2008).
Roots of the both cultivars had higher Na*/K" ratio than that
of stem and leaves.

Calcium (macronutrient) playing a vital role in
maintaining the plasma membrane integrity in cells of plant,
thus, this led to restricts the toxic effect of Na* (Rengel, 1992
and Gucci and Tattini, 1997). Calcium (Ca) acts as a
secondary messenger of signal transduction pathways
regulation for the response of abiotic stressand in the

Wheat plant dry matter and grains nutrients status and its responses to nanofertilizer under salinity condition

promotion of K*:Na" selectivity (Rengel, 1992; Maathuis and
Amtmann, 1999 and Shabala e al., 2006).

Table 10 : Sodium ratios with the other macronutrients (in
concentration basis) in grains of wheat as affected by
application of nano fertilizer and salinity

Salinity| Nano [Na:N|Na:P|Na:K|Na:Ca|Na::Mg| Ca:
ppm | Fer. (Na+K)
T.W. | D.W. |0.064|0.474]|0.185]| 0.148 | 0.378 | 1.056

100 [0.068]0.466/0.172| 0.165 | 0.352 | 0.884
200 ]0.059]0.469|0.204] 0.171 | 0.357 | 0.937
2500 | D.W. |0.067]0.629|0.209] 0.184 | 0.392 | 0.941
100 [0.067]0.378|0.212|0.176 | 0.397 | 0.991
200 ]0.062]0.454(0.176{ 0.210 | 0.393 | 0.723
5000 | D.W. |0.069|0.478|0.478]| 0.175| 0.468 | 1.850
100 |0.064|0.421|0.203|0.180 | 0.477 | 0.939
200 ]0.698]0.553|0.225{0.174 | 0.426 | 1.053

Sal.: Salinity Dw: Dry weight TW: Tap water DW: Distilled
water LSD: Least significant difference
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Fig. 11: Sodium ratios with the other macronutrients (in
concentration basis) in grains of wheat as affected by
application of nano fertilizer and salinity

Conclusion

This work aimed to evaluate the response of wheat
plant growth and grains content of minerals under saline
water irrigation and application of nano fertilizer. Salinity
affected adversely the dry matter of the above ground parts of
wheat plants (stem, leaves and spikes, furthermore, it
increased Na/K ratio. Reversely, the application of nano
fertilizer improved the dry matter weights of the mentioned
plant part but depressed the Na/K ratio in grains. Moreover,
the nutrient content of grains also affected by both
treatments. This means that nano nitrogen fertilizer improved
the nutrient status of above ground parts, grains and the
tolerant of wheat plants on adverse effect of salt stress.
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