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ABSTRACT

This research was conducted to evaluate effects of mycorrhiza fungi and nano zinc ox-
ide on agro physiological traits of wheat under salinity stress based on factorial ex-
periment according complete randomized block design with three replications under

greenhouse condition at 2014. Treatments included salinity in three levels [no-salt (So)

or control, salinity 40 (S;) and 80 (S;) mM NaCl], two level of Arbuscular Mycorrhiza
(AM) fungal [no application (My), application of mycorrhiza (M;)] and Nano zinc ox-
ide at three levels [(without nano zinc oxide as control (Zny), application of 0.4 (Zn;)
and 0.8 g.lit’l) (Zny)]. Analysis of variance showed significant effect for the soil salin-
ity on seed yield, chlorophyll index, relative water content, stomata conductance, K"
content. chlorophyll index, stomata conductance, K* content in plant root were affected
by AM fungi and nano zinc oxide application. There was a significant interaction be-
tween salinity, AM fungi and nano zinc oxide on Na' content, Na'/K " ratio and seed
yield. Salinity stress decreased seed yield, chlorophyll index, stomata conductance, and
relative water content of wheat. The highest (0.44 g per plant) seed yield was obtained
from plants under low salinity level, AMF (Arbuscular mycorrhiza fungal) and 0.8
g lit" nano zinc oxide. The nutrient uptake Na” and Na'/K" ratio increased and potas-
sium was decreased with increasing concentration of NaCl in the present study. How-
ever, the inoculated with AMF and application of nano zinc oxide significantly in-
creased K" and reduced Na' uptake. Generally, it was concluded that AMF and nano
zinc oxide can be as a proper tool for increasing wheat yield under salinity condition.
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INTRODUCTION

Salinity stress is an important abiotic
stress. Reducing the restrictive effects
of salinity has positive influence on ag-
riculture products (Huang et al., 2009).
Salinization of soil is a serious problem
and is increasing steadily in many parts
of the world, in particular in arid and
semiarid areas (Abdel Latef and Chaox-
ing, 2011). It adversely affects the
growth of the most agricultural crops
through its influence on certain aspects
of plant metabolism such as osmotic
adjustment (Bernstein, 1963), reduce
the chlorophyll content, photosynthetic
rate and the stomatal conductance, im-
balance in the synthesis of endogenous
plant growth regulators (PGR) (Igbal
and Ashraf, 2013), induce ion deficien-
cies, affect physiological processes such
as membrane stability index and reduce
relative water content (Sheng et al.,
2008; Talaat and Shawky, 2011). Ionic
imbalance is considered as one of the
main effect of salinity stress in many
plants, the ionic balance has a key role
in photosynthesis and other metabolic
activities of the cell (Zheng et al.,
2008). Most plants in the salt environ-
ment accumulated a large number of
Na' and simultaneously inhibited the K"
absorption. Excessive accumulation of
sodium in cell walls can rapidly lead to
osmotic stress and cell death (Munns,
2002). Hu et al. (1997) believe that an
increase in Na” and a decline in K' con-
centration by soil salinity are caused by
the apparent antagonism between K
and Na'. Several strategies have been
developed in order to decrease the toxic
effects caused by high salinity on plant
growth. Tomar and Agarwal (2013) also
demonstrated that maintaining higher
K'/Na' ratio is believed to be important
strategy adopted by plants to mitigate
stress-induced deleterious changes. The
demand for nanotechnology based
products has been increasing in recent

years. Generally, nano materials refer to
a colloidal particulate system, with size
ranging from 10 to 1000 nm, possessing
unique properties, such as size depend-
ent qualities, high surface-to-volume
ratio, and promising optical properties.
It was possible that the nano materials
aggregates were smaller than the pore
size of the plant leaf cell, and thus some
micro-sized aggregates pass through the
plant cells (Al-Halafi, 2014). Among
the micronutrients, Zn affects the sus-
ceptibility of plants via drought and sa-
linity stresses (Sharma et al., 2009). A
number of researchers described the key
role of ZnO nano materials for in crop
growth (Wang et al., 2004) involving
processes of photosynthesis, nitrogen
assimilation, respiration and activation
of other biochemical and physiological
processes and hence their importance in
obtaining greater yields (Zozi et al.,
2012). Nano-particles with smaller par-
ticle size and large surface area are ex-
pected to be the ideal material for use as
Zn fertilizer in plants. Application of
micronutrient in the form of nano-
particles (NPs) is an important route to
release required nutrients gradually and
in a controlled way, which is essential
to mitigate the problems of soil pollu-
tion caused by the excess use of chemi-
cal fertilizers. A number of researchers
have reported the essentiality and role
of zinc for plant growth and yield (La-
ware and Raskar, 2014). The symbiosis
of plants and microorganisms plays an
important role in sustainable agriculture
and natural ecosystems. Interactions
between plants and AM fungi results in
disease and/or the mutualistic symbiosis
(Garcia Garrido and Ocampo, 2002).
Penetration to the root and the intracel-
lular growth of the AM fungi involve
complex sequences of biochemical and
cytological events and intracellular
modifications (Bonfante, 2001). It has



Journal of Crop Nutrition Science, 3(4): 40-53, December 2017 42

been proven that AM fungi affect not
only the plant growth but also contrib-
ute in plant tolerance to biotic and
abiotic stresses (Auge, 2001). These
fungi are obligatory symbiotic soil or-
ganisms that colonize roots of most
crops and improve their performance
(Saedmoucheshi et al, 2014) by in-
creasing nutrients supply to the plants
and reducing abiotic stress effects (Qiu-
Dan et al, 2013). Among them the us-
age of (AM) fungi as a biologically
based strategy to alleviate the adverse
impact induced by salt is of such alter-
natives. Many researchers have reported
that AMF could enhance the ability of
plants to cope with salinity (Talaat and
Shawky, 2011). AMF symbiosis pro-
mote salinity tolerance by utilizing
various mechanisms, such as defending
roots against soil-borne pathogens, im-
proving rhizospheric and soil condi-
tions, modifying microbial communi-
ties, enhancing antioxidant enzymes
activity, maintaining membrane integ-
rity, enhancing plant nutrient acquisi-
tion, maintaining K'/Na" ratio and the
inducing biochemical changes (accumu-
lation of proline, betaines, polyamines,
carbohydrates and the antioxidants),
physiological changes (photosynthetic
efficiency, relative permeability, water
status and abscisic acid accumulation)
(Sheng et al., 2008). The presence of
mycorrhiza in saline soil and its symbi-
otic relationship with plant roots under
salinity conditions show that some of
these fungi are probably resistant to sa-
linity stress and by symbiotic relation-
ship they will increase the tolerance of
plants through improvement of their
growth (Yano-melo ef al., 2003). Sym-
biosis with mycorrhiza leads to salinity
resistance and physiological changes
under salinity stress (Zhongqunlle ez al.,
2007). Ghoochani et al. (2015) by
evaluate biochemical and physiological
characteristics changes of wheat culti-

vars under Arbuscular mycorrhizal
symbiosis and salinity stress reported
results also indicated that inoculating
wheat cultivars with the Glomus intra-
radices can alleviate the deleterious ef-
fects of salinity stress through improv-
ing osmotic adjustment via accumula-
tion of more proline and increasing the
activity of antioxidant enzymes. The
cultivar Abari had higher antioxidant
activity than other cultivar (Darab) and
consequently can be used in wheat
breeding programs for salinity stress.
AM fungi have been shown to promote
plant growth and salinity tolerance by
many researchers. They promote salin-
ity tolerance by the utilizing various
mechanisms, such as (a) enhancing nu-
trient uptake (Evelin et al., 2012); (b)
producing plant growth hormones; (c)
improving rhizospheric and soil condi-
tions (Asghari et al., 2005); (d) im-
provement in photosynthetic activity or
water use efficiency (Hajiboland et al.,
2010); (e) accumulation of compatible
solutes (Evelin er al., 2013); and (f)
production of higher antioxidant en-
zymes (Manchanda and Garg, 2011). As
a result, AM fungi are considered suit-
able for bioamelioration of saline soils.
Shekoofeh et al. (2012) by evaluate ef-
fect of mycorrhizal fungi, including
Glomus mosseae, G. intraradices, and
salicylic acid (0.2 mM) on tolerance of
green basil (Ocimum basilicum L.) to
salinity resulting from sodium chloride
(75 and 150 mM) reported Mycorrhizal
inoculation in plants under sodium chlo-
ride stress increases potassium content
of aerial organs and decreases sodium
content of aerial organs and potassium
of root. Thus, it can be concluded that
using this pretreatments, especially
VAM (Vesicular Arbuscular Mycorrhi-
zal) fungi, prevented the transfer of so-
dium to plant, especially aerial organs
and decreased destructive effects from
sodium chloride stress in green basil
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plant. Also, inoculating with mycorrhi-
zal fungus could increase transferring
potassium to aerial part of plant. It can
be concluded that pretreating leaves of
basil plant with salicylic acid or inocu-
lating with mycorrhizal fungus caused
to increase resistance of this plant rela-
tive to salt stress. Studies show that ap-
plication of the arbuscular mycorrhiza
(AM) resistant to salinity could be in-
fluential in revival and production of
resistant cultivars (Rodriguez Rosales et
al., 1999). Symbiosis with mycorrhiza
leads to salinity resistance and physio-
logical changes under the salinity stress
(Zhongqunlle et al., 2007). Mardukhi et
al. (2015) by evaluate mineral uptake of
Mycorrhizal wheat (Triticum aestivum
L.) under salinity stress reported the
AM fungal treatments, especially the
mixture treatment and Glomus mosseae,
alleviated salt stress on wheat growth
by enhancing nutrient uptake, including
K, Ca, Mg, Fe, Mn, and Cu, and adjust-
ing Na" and C1™ uptake. Although line 9
genotype resulted in greater nutrient
uptake under salinity stress, Chamran
cultivar was more effective at adjusting
Na" and Cl uptake under salt stress.
With increasing salinity levels, the alle-
viating effects of AM species on plant
growth under salt stress became more
evident. Findings of this experiment are
complementary to the previous findings
regarding the effects of AM species on
plant growth under salinity, especially
the application of the mixture of AM
species and the adjusting effects of AM
species on Na" and CI” uptake by plant.
This research was conducted to evaluate
the effects of mycorrhizal fungi and
nano zinc oxide on the physiological
responses (i.e., Sodium and Potassium
content, chlorophyll index, relative wa-
ter content and stomatal conductance)
of wheat (Triticum aestivum L., cultivar
Attila 4) under salinity stress condi-
tions.

MATERIALS AND METHODS
Field and Treatment Information

This research was conducted to
evaluate the effects of mycorrhiza fungi
and nano zinc oxide on agro physio-
logical traits of wheat under salinity
stress based on factorial experiment ac-
cording complete randomized block de-
sign with three replications under
greenhouse condition at the 2014.
Treatments included salinity in three
levels [no-salt (Sg) or control, salinity
40 (S1) and 80 (S;) mM NaCl], two
level of AM fungal [no application
(My), application of mycorrhiza (M;)]
and Nano zinc oxide at three levels
[(without nano zinc oxide as control
(Zng), 0.4 (Zn;) and 0.8 glit") (Zny)].
Mycorrhiza fungi (Glomus mosseae)
were purchased from the Zist Fanavar
Turan institute and soils were treated
based on the manufacturer’s protocol 10
g of inoculums per 1 kg soil, each pot
containing approximately 790 spores.
The soil was silty loam, with pH 6.9.
Air temperature ranged from 22 to 27°C
during the day and 18 to 21°C during
night. Humidity ranged from 60 to 65%.
Wheat cultivar Attila 4 was used in ex-
periment. Optimal density of cultivar
Attila 4 is 400 seeds.m™, so 40 seeds
were sown in each pot with 4 cm deep,
filled approximately with 20 kg above
mentioned soil. Pots were immediately
irrigated after planting. Salt stress
treatments were applied two weeks after
planting (at 3-4 leaf stage). Foliar appli-
cation ZnO nano was done in two
growth stages (4-6 leaf stage and before
booting stage).

Measured Traits

Root and shoot Na'/K' ratio assay
Root and shoot Na'/K" ratio was esti-
mated according to the method of Izadi
et al. (2014). In this method leaf sam-
ples were collected washed in distilled
water to remove any external salt and
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oven dried at 60°C for 48 hours. The
dried samples were ground into a fine
powder using a mortar and pestle. Sam-
ples (1 g) were ashed by putting them
into crucibles and placed in 600°C elec-
tric furnace, for 4 h, 5 mL of 2 N hy-
drochloric acid (HCI) were added to
cooled ash samples, dissolved in boiling
deionized water filtered and made final
volume to 50 mL. The Na" and K" were
measured using standard flame pho-
tometer procedure and reported as mg.g
! dry weight.

Chlorophyll content, Relative water
content (RWC) and stomatal conduc-
tance

The fully developed flag leaf of the
main tillers was randomly selected from
five plants of the each plot for determi-
nation of stomata conductance with leaf
prometer (Model SC J Eijkelkamp,
Netherlands). The chlorophyll content
of the leaves was determined with a
SPAD-502 (Konica Minolta Sensing,
Osaka, Japan) (Jifon et al., 2005). RWC
was estimated gravimetrically according
to the method of Tambussi et al. (2005).

Statistical Analysis

Analysis of variance and means
comparison were performed with using
SAS software. The mean comparison
was done via least significant difference
(LSD) test at 5% probability level.

RESULTS AND DISCUSSION
Chlorophyll index

According result of analysis of vari-
ance effect of different level of salinity,
Nano zinc oxide and Arbuscular My-
corrhiza (AM) on chlorophyll index was
significant at 1% probability level but
interaction effect of treatments was not
significant (Table 1). Mean comparison
result of different level of salinity indi-
cated that maximum chlorophyll index
(60.57 spad) was noted for control and

minimum of that (54.4 spad) belonged
to 80 mM NaCl treatment (Table 2). As
for LSD classification made with re-
spect to different level of Nano zinc ox-
ide maximum and minimum amount of
chlorophyll index belonged to 0.8 g lit”
(60.16 spad) and control (54.57 spad)
(Table 2). According result of mean
comparison maximum of chlorophyll
index (58.76 spad) was obtained for ap-
plication of mycorrhiza and minimum
of that (54.67 spad) was for control
treatment (Table 2). Nano zinc oxide,
mycorrhiza and saline condition had
strong effects on leaf chlorophyll
content. Soil salinity drastically lowered
leaf chlorophyll content. However, nano
zinc oxide and mycorrhiza inoculation
considerably increased the pigment
content. Salinity causes a reduction in
chlorophyll content due to reduction in
RWC, increasing stomata resistance the
antagonistic effects of NaCl on N ab-
sorption (Table 3), also which is the es-
sential component of the chlorophyll
structure (Kadian et al., 2013), sup-
pressing the activity of specific en-
zymes required for the synthesis of pho-
tosynthetic pigments and decreased up-
take of nutrients (e.g., Zu) needed for
chlorophyll biosynthesis (Abdel Latef
and Chaoxing, 2011). A decrease in
chlorophyll index of wheat under salin-
ity stress (Table 3) would be a typical
symptom of oxidative stress (Reddy et
al., 2004). Higher contents of chloro-
phyll pigments in the AMF inoculated
plants contribute to greater photosyn-
thetic activity leading to maintained
growth. Our results of enhanced
chlorophyll contents in AMF colonized
plants are in support of the findings of
Hajiboland et al. (2010) for Solanum
lycopersicum L. and Aroca et al. (2013)
for lettuce. Enhancement in chlorophyll
pigments due to AMF is because of en-
hanced mineral uptake especially mag-
nesium, an important component of
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chlorophyll molecule (Sheng et al.,
2008). Kadian et al. (2013) also re-
ported that chlorophyll activity is re-
stored in mycorrhiza plants grown due
to increased activity of the specific en-
zymes required for its biosynthesis.
Balashouri and Prameeladevi (1995)
reported that the increased chlorophyll
content was obviously due to zinc at
low level act as a structural and cata-
lytic components of proteins, enzymes
and as cofactors for normal develop-
ment of pigment biosynthesis. Sharma
et al. (1994) reported that added zinc
enhanced the growth of cabbage and
improved the chlorophyll content and
photosynthetic activity in leaves. Zar-
rouk et al. (2005) indicated a positive
correlation of the Zn concentrations
with leaf chlorophyll content in plants.

Relative water content (RWC)

Result of analysis of variance re-
vealed effect of different level of salin-
ity on RWC was significant at 1% prob-
ability level, but effect of nano zinc ox-

ide, Arbuscular Mycorrhiza (AM) and
interaction effect of treatments was not
significant (Table 1). Mean comparison
result of different level of salinity indi-
cated that maximum relative water con-
tent (77.83%) was noted for control and
minimum of that (65.74%) belonged to
80 mM NaCl treatment (Table 2). How-
ever, high salinity stress reduced RWC
by 15.53% in plants. The RWC value
were decreased in wheat plants exposed
to saline conditions, which has been
partly attributed to the impact of the salt
on the electrical potential of the plasma
membrane that affected not only the ab-
sorption of ions but also that of water,
generating water stress (Munns, 2002).
Katerji et al. (1997) reported that the
decrease in RWC indicated a loss of
turgor that resulted in limited water
availability for the cell extension proc-
ess. Hussain et al. (2008) also reported
that under different salinity levels, in-
creased ionic flux can damage the plant
cellular membranes and affect water
potential of the plant’s cell.

Table 1. Result of analysis of variance of measured traits

S.0.V dt Chl.orophyll Relative wa- Stomata
index ter content conductance

Replication 2 51.30" 17.89™ 29.87"

Salinity (S) 2 236" 88.53" 109.37"

Nano zinc - ns -
oxide (Zn) 2 163.5 4.72 108.44

Mycorrhiza (M) 1 224.89" 28.19™ 47.98"
S xZn 4 13.452™ 18.47™ 2.84™
SxM 2 2.16™ 0.51™ 4.97%
ZnxM 2 3.61™ 21.72"™ 3.27%
SxZnxM 4 2.58" 4.43™ 1.05™
Error 34 10.25 10.12 2.56
C.V (%) - 9.8 4.66 10.53

ns, * and **: non-significant, significant at 5% and 1% probability level, respectively.

Stomatal conductance

According the result of analysis of
variance effect of different level of the
salinity, Nano zinc oxide and Arbuscu-
lar Mycorrhiza (AM) on stomatal con-
ductance was significant at 1% prob-

ability level but interaction effect of
treatments was not significant (Table 1).
Mean comparison result of different
level of salinity showed that the maxi-
mum stomatal conductance (35.49
mmol.m™.s™) was noted for control and
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minimum of that (30.79 mmol.m?.s")
belonged to 80 mM NaCl treatment
(Table 2). As for LSD classification
made with respect to different level of
Nano zinc oxide maximum and mini-
mum amount of stomatal conductance
belonged to 0.8 glit' (36.29 mmol.m’
*s™") and control (31.51 mmol.m?s")
(Table 2). According result of mean
comparison maximum of stomatal con-
ductance (34.51 mmol.m™s") was ob-
tained for application of mycorrhiza and
minimum of that (32.62 mmol.m™.s")
was for control treatment (Table 2).
Stomatal conductance to water vapor is
of critical agronomic and ecological
importance because it determines rates
at which CO, enters and water vapor
exits leaves, exerting a controlling in-
fluence on photosynthesis, hydration
and ultimately biomass accumulation,
crop yield, and carbon sequestration
(Aroca et al., 2013). The stomatal con-
ductance was significantly decreased
under salinity stress. The stomatal con-
ductance of 40 mM salinity did not dif-
fer from that of the non-salinity ones. In
addition, 80 mM NaCl reduced stomatal
conductance in wheat by about 13.24%
(Table 2). Mycorrhiza inoculation as M;
and nano zinc oxide as Zn, increased

stomatal conductance by 8.44% and
15.16%, respectively (Table 2). Very et
al. (1998) found that long-term expo-
sure to salinity affects growth through
closure of stomata, limiting transpira-
tion and thus the transport of salts. In
the present study, decrease in RWC due
to salt stress would result in stomatal
closure (Table 3) in order to maintain
their water status (Sheng et al., 2008). It
seems that higher RWC in mycorrhiza
than in non-mycorrhiza plants may be
beneficial for moving water through the
plants to the evaporating surfaces and
maintaining opened stomata in leaves
(Nelsen and Safir, 1982). The mecha-
nisms involved in water uptake by the
AMF symbiosis include regulation of
stomatal conductance, an increase in
stomatal sensitivity to leaf air vapor
pressure deficit, and lowering leaf os-
motic potential for turgor maintenance
(Sanchez-Blanco et al., 2004).We could
say that AM fungal colonization can
elevate the photosynthetic ability
through improving the gas exchange
capacity of triticale plants under salt
stress. Zn is thought to be involved in
stomatal regulation due to its role in
maintaining membrane integrity (Khan
et al.,2004).

Continue Table 1.

K Na® Na'/K* Seed
S.0.V . . . .
concentration concentration ratio yield
Replication 2 0.27* 0.007™ 0.069™ 0.036™
Salinity (S) 2 6.65%* 0.24** 9.52%* 0.163**
Nano zinc
oxide (Zn) 2 2.92%%* 1.89%* 11.86**  0.166**
Mycorrhiza (M) 1 0.18%* 0.58** 3.97%* 0.107**
S xZn 4 0.09" 0.069* 4.16* 0.028"
SxM 2 0.045™ 0.133* 1.8% 0.034™
Zn xM 2 0.03" 0.047* 1.6* 0.050™
SxZnxM 4 0.028™ 0.035* 1.13* 0.033*
Error 34 0.043 0.015 0.085 0.020
C.V (%) - 13.5 14.47 12.81 2.032

ns, * and **: non-significant, significant at 5% and 1% probability level, respectively.
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Table 2. Means comparison of measured traits affected by salinity, nano zinc oxide and my-
corrhizal fungi

Treatment Chlorophyll Relative water ~ Stomata conductance K" concentration
index (Spad) content (%) (mmol.m>.s™) (mg.g™)
Salinity stress
So 60.57" 77.83* 35.49° 6.02*
Si 55.17% 73.81° 34.42% 1.84
S, 54.4° 65.74° 30.79° 1.10°
Nano zinc oxide

Zn, 54.57° 72.89° 31.51° 0.82°
Zn, 55.41% 76.81° 32.88° 1.13°
Zn, 60.16° 85.69° 36.29° 1.62°
Arbuscular mycorrhiza

M, 54.67° 70.08° 32.62° 1.13°
M, 58.76° 76" 34.51° 1.25%

*Means with similar letters in each column are not significantly different.

Different salinity level; Sy: no-salt or control, S;: salinity 40 mM, S,: 80 mM NaCl.

Different level of Arbuscular Mycorrhiza (AM) fungal; My: no application, M;: application of mycorrhiza
Different level of Nano zinc oxide; Zny: non use nano zinc oxide as control, Zn,: application of 0.4, Zn,: 0.8 g lit".

K" concentration

Result of analysis of variance
showed the effect of different level of
salinity, Nano zinc oxide and Arbuscu-
lar Mycorrhiza (AM) on K' concentra-
tion was significant at 1% probability
level but interaction effect of treatments
was not significant (Table 1). Mean
comparison result of different level of
salinity indicated that maximum K’
concentration (6.02 mg.g") was noted
for control and minimum of that (1.10
mg.g") belonged to 80 mM NaCl treat-
ment (Table 2). As for LSD classifica-
tion made with respect to different level
of Nano zinc oxide maximum and
minimum amount of K* concentration
belonged to 0.8 glit' (1.62 mg.g") and
control (0.82 mg.g") (Table 2). Accord-
ing result of mean comparison maxi-
mum of potassium concentration (1.25
mg.g") was obtained for application of
mycorrhiza and minimum of that (1.13
mg.g") was for control treatment (Table
2). Nano zinc oxide AM and saline
condition had strong effects on K
concentration. Treatments of 40 and 80
mM salinity caused significant decrease
of 81.72% and 69.43% in potassium
content respectively, as compared to

control (Table 2). Elevated Na' in the
soil solution inhibits the uptake of other
nutrients by interfering with various
transporters in the root plasma mem-
brane, such as K’ selective ion chan-
nels, and inhibiting root growth by the
adverse effects of Na" on soil structure
(Porcel et al., 2012). Sodium shares
antagonistic  relationship with  the
potassium. This can explain why the
Na'/K" ratio was increased in our study
which reflects the growth reduction in
our results. However, AM and nano
zinc oxide application significantly in-
creased K' content. Percent increase in
potassium content due to MF was 11%
(Table 3). However, foliar application
of zinc oxide at higher level (Zn3), per-
cent increase potassium was 97.5%. The
effect of potassium is considered to its
ease in the penetration into the plant cell
which results in higher protoplasmic
change to increase water retaining ca-
pacity and resistance to stress (Tam-
mam et al, 2008). Bartels and Sunkar
(2005) have also reported the role of
potassium in raising salt tolerance of
rice, cotton, wheat, and barley plants,
respectively. However, the higher re-
duction in root K* content of plants that
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salt induced shoot growth inhibition is
mainly due to metabolic changes result-
ing from ion imbalance or ion toxicity
occurring in root system (Munns, 2002).
Higher K" accumulation by mycorrhizal
plants could be beneficial by maintain-
ing a high K'/Na'" ratio and by influenc-
ing the ionic balance of the cytoplasm
or Na efflux from plants (Abdel-Fattah
and Asrar, 2012). Mycorrhizal fungi can
enhance K’ absorption under saline
conditions (Abdel Latef and Chaoxing,
2011) and prevent the translocation of
Na to shoot tissues. Gobarah et al.
(2006) reported that foliar application
with zinc levels had a significant effect
on plant growth under soil conditions.

Na" concentration and Na'/K" ratio
Result of analysis of variance re-
vealed effect of different level of the
salinity, Nano zinc oxide and Arbuscu-
lar Mycorrhiza (AM) on the Na" con-
centration and Na'/K ratio was signifi-
cant at 1% probability level also interac-
tion effect of treatments was significant
at 5% probability level (Table 1). Salin-
ity causes an imbalance in the ion flux
inside plants. In addition, due to the Na"

content increased sharply with the in-
creasing salts, the Na'/K" had the simi-
lar change trends with the Na" content
(Table 3). A higher Na'/K' ratio re-
sulted by salinity interrupts the cyto-
plasm ionic balance, and the conse-
quently inhibit various metabolic path-
ways (Giri et al., 2007; Hajiboland,
2009). The Na'/K " ratio may serve as an
indicator of crop tolerance to stress as
the increase of K' in the nano zinc ox-
ide and AM treated plants is generally
associated with a decrease in its Na"
content (Upadhyay et al., 2012). The
present results showed that during salin-
ity, the control plants had higher Na"
and decreased K, while AM inocula-
tion and application nano zinc oxide
resulted in significantly decreased Na"
and increased K" concentration. This is
also according to the results of (Rojas-
Tapias et al., 2012). The highest content
of Na" concentration (8.41 mg.g' DW)
and Na" /K" ratio (105.13 mg.g" DW)
was obtained in salinity of 80 mM, and
non- application of mycorrhizae and
nano zinc oxide in control treatment
(Mo and Zny) (Table 3).

Table 3. Means comparison interaction effect of salinity, nano zinc oxide and mycorrhiza

fungi on measured traits

Na' concentration Na'/K* Seed yield
Treatment -1 .

(mg.g™") ratio (g per plant)

T o M M M W ww
S Zn, 0.89" 0.62% 0.68° 0407 0.34" 0.36"
0 Zn, 0.60% 0.44%* 0.403" 023 036" 0.40
Zn, 0.28" 0.17 0.116' 0.066' 045" 0.44*
S Zn, 0.92" 0.86" 1.29° 1.066™%  0.32" 0.35"
! Zn 0.58" 0.53¢ 0.64" 047 037" 038
Zn, 041" 0.32¢ 0.280%" 0.190"  0.40"  0.43*
S Zn, 1.56° 0.92° 2.27° 2.15° 027 034"
2 Zn 0.73¢ 0.49°" .24 0.78*" 039 0.35%
Zn, 0.48°" 0.25" 0.533%" 0.276™  0.39"%  0.41%

*Means with similar letters in each column are not significantly different.
Different salinity level; Sy: no-salt or control, S;: salinity 40 mM, S,: 80 mM NaCl.
Different level of Arbuscular Mycorrhiza (AM) fungal; My: no application, M: application of mycorrhiza.

Different level of Nano zinc oxide; Zny: non use nano zinc oxide as control, Zny: application of 0.4, Zny: 0.8 g.lit™.
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But the minimum of the value (0.17 and
0.066 mg.g' DW, respectively) ob-
served in application of AM and nano
zinc oxide as M;Zn; in no salinity stress
(Table 3). AMF-treated plants in com-
bination with 0.8 glit" nano zinc oxide
showed decrease of 83.97% in Na' con-
tent and 87.84% in Na'/K' ratio as
compared to high salinity treated plants
alone and control. The treatment of MF
and 0.8 g.lit" nano zinc oxide was very
effective in alleviating the deleterious
effects of salinity stress by decreasing
Na" and Na'/K" ratio in plants. Hussain
et al. (2008) have been proposed, in-
creased ionic flux can damage the plant
cellular membranes and effect water
potential of the plant’s cell. Plant
growth is dependent on water status of
leaf, as salt and drought stress can cre-
ate a water deficit inside plant tissues.
Measuring the RWC indicates stress
response of plant (Sheng et al., 2008).
Mycorrhiza colonization of a plant can
reverse the effect of salinity on K and
Na nutrition. Mycorrhiza fungi can en-
hance K absorption under saline condi-
tions (Abdel Latef and Chaoxing, 2011)
and prevent the translocation of Na to
shoot tissues.

Seed yield

Result of analysis of wvariance
showed effect of different level of salin-
ity, Nano zinc oxide and Arbuscular
Mycorrhiza (AM) on seed yield was
significant at 1% probability level, also
interaction effect of salinity x Nano
zinc oxide and Arbuscular Mycorrhiza
(AM) was significant at 5% probability
level, interaction effect of another
treatments was not significant (Table 1).
Interaction effect between salinity, my-
corrhiza and nano zinc oxide showed
that the highest seed yield (0.45 g per
plant) was obtained at no salinity condi-
tion, application of mycorrhiza and
nano zinc oxide as M¢Zn, (Table 3).

But the minimum of seed yield (0.27 g
per plant) observed in salinity of 80 mM
and ZnoM, (Table 3). Salt stress affects
plant metabolism, which results in de-
creased growth and yields. Rhizosphere
micro organisms, particularly beneficial
bacteria and fungi, can improve plant
performance under the stress environ-
ments and, consequently, enhance yield
both directly and indirectly (Dimkpa et
al., 2009). Azcon and Barea (2010) has
been proposed co-inoculation with bio
fertilizer as an efficient procedure to
increase the plant growth. Vivas et al.
(2003) suggested that there are syner-
gistic effects on plant growth when the
mycorrhiza is inoculated, particularly
under growth limited conditions. Go-
barah et al. (2006) reported that the
foliar application with zinc levels had a
significant effect on plant growth, yield
and its components as well as seed qual-
ity under the salinity conditions. Sig-
nificant increases in seed yield with
foliar Zn application have been reported
in other crops such as rice (Cakmak,
2008), triticale (Cakmak et al., 1997)
and maize (Potarzycki and Grzebisz,
2009).

CONCLUSION

The results showed that salinity
stress reduced seed yield, chlorophyll
index of wheat, stomata conductance,
relative water content and potassium
concentration in plant shoots and roots.
But sodium concentration in plant
shoots and roots, Na'/K" ratio in plant
shoots and roots increased. Also AMF
(Arbuscular mycorrhiza fungal) and
nano zinc oxide improved Na' concen-
tration and Na'/K' ratio under salinity
condition. It seems that application of
mycorrhiza and nano zinc oxide can be
recommended to improve wheat pro-
duction under salinity condition.



Journal of Crop Nutrition Science, 3(4): 40-53, December 2017 50

REFERENCE

Abdel-Latef, A. A. and H. Chaoxing.
2011. Effect of arbuscular mycorrhizal
fungi on growth, mineral nutrition, anti-
oxidant enzymes activity and fruit yield
of tomato grown under salinity stress. J.
Horti. Sci. 127: 228-233.
Abdel-Fattah, G. M. and A. A. Asrar.
2012. Arbuscular mycorrhizal fungal
application to improve growth and tol-
erance of wheat (Triticum aestivum L.)
plants grown in saline soil. J. Acta
Physiologiae Plantarum. 34: 267-277.
Al-Halafi, A. M. 2014. Nano carriers of
nano technology in retinal diseases.
Saudi J. Ophthalmology. 2: 324-329.
Aroca, R., J. M. Ruiz-Lozano, A.
Zamarreno, J. A. Paz, J. M. Garcia-
Mina, M. J. Pozo. and J. A. Lopez-
Raez. 2013. Arbuscular mycorrhizal
symbiosis influences strigo lactone pro-
duction under salinity and alleviates salt
stress in lettuce plants. J. Plant Physiol.
170: 47-55.

Asghari, H. R, D. J. Chittleborough,
F. A. Smith. and S. E. Smith. 2005.
Influence of arbuscular mycorrhizal
(AM) symbiosis on phosphorus leach-
ing through soil cores. J. Plant and Soil.
275: 181-193.

Auge, R. M. 2001. Water relations,
drought and vesicular arbuscular my-
corrhizal symbiosis. J. Mycorrhiza.
11(1): 3-42.

Azcon, R. and J. M. Barea. 2010.
Mycorrhizosphere interactions for leg-
ume improvement. /n: M. S. Khanf, A.
Zaidi, J. Musarrat, Editors. Microbes for
legume improvement. Vienna. Springer.
p. 237-71.

Balashouri, P. and Y. Prameeladevi.
1995. Effect of zinc on germination,
growth, pigment content and phytomass
of Vigna radiata and Sorghum bicolor.
J. Eco-Biol. 7: 109-114.

Bartels, D. and R. Sunkar. 2005.
Drought and salt tolerance in plants.
CRC Crit. Rev. Plant Sci. J. 24: 23-58.

Bernstein, L. 1963. Osmotic adjust-
ment of plant to saline media. Dynamic
Phase. Am. J. Bot. 48: 909-918.
Bonfante, P. 2001. At the interface be-
tween mycorrhizal fungi and plants: the
structural organization of cell wall,
plasma membrane and cytoskeleton. /n:
Fungal Associations. Springer. pp. 45-
61.

Cakmak, 1. 2008. Enrichment of cereal
seeds with zinc: agronomic or genetic
bio-fortification? J. Plant and Soil. 302:
1-17.

Cakmak, H. 1997. Differential re-
sponse of rye, triticale, bread and durum
wheat to zinc deficiency in calcareous
soils. J. Plant and Soil. 188(1): 1-10.
Dimkpa, C., T. Wein. and F. Ash.
2009. Plant-rhizobacteria interactions
alleviate abiotic stress conditions. J.
Plant and Cell Environ. 32: 1682—1694.
Evelin, H., B. Giri. and R. Kapoor.
2012. Contribution of Glomus intra-
radices inoculation to nutrient acquisi-
tion and mitigate ion of ionic imbalance
in NaCl stressed Trigonella foenum-
graeccum. Journal of Mycorrhiza. 22:
203-217.

Evelin, H., B. Giri. and R. Kapoor.
2013. Ultra structural evidence for
AMF mediated salt stress mitigation in
Trigonella foenum graeccum. J. My-
corrhiza. 23: 71-86.

Giri, B., R. Kapoor. and K. G.
Mukerji. 2007. Improved tolerance of
Acacia nilotica to salt stress by the ar-
buscular mycorrhiza Glomus fascicula-
tum may be partly related to elevated
K'/Na" ratios in root and shoot tissues.
Micro-Biol. J. 54: 753-760.

Garcia Garrido, J. M. and J. A.
Ocampo. 2002. Regulation of the plant
defense response in arbuscular my-
corrhizal symbiosis. Journal of Experi-
mental Botany. 53(373): 1377-1386.
Ghoochani, R., M. Riasat, S. Rahimi.
and A. Rahmani. 2015. Biochemical



Seyed Sharifi et al., Effects of Mycorrhizal Fungi and Nano Zinc Oxide on Seed... 51

and the physiological characteristics
changes of wheat cultivars under Ar-
buscular mycorrhizal symbiosis and sa-
linity stress. Biol. Forum. Intl. J. 7(2):
370-378.

Gobarah, Mirvat, E., M. H. Mo-
hamed. and M. M. Tawfik. 2006. Ef-
fect of Phosphorus Fertilizer and Foliar
Spraying with zinc on growth, yield and
quality of groundnut under reclaimed
sandy soils. J. Appl. Sci. Res. 2(8): 491-
496.

Hajiboland, R., A. Aliasgharzadeh, S.
F. Laiegh. and C. Poschenrieder.
2010. Colonization with arbuscular my-
corrhizal fungi improves salinity toler-
ance of the tomato plants. J. Plant Soil.
331:313-327.

Hajiboland, R. and A. Joudmand.
2009. The K'/Na" replacement and
function of antioxidant defense system
in sugar beet (Beta vulgaris L.) culti-
vars. J. Plant Sci. 59: 246-259.
Hajiboland, R., N. Aliasgharzadeh, S.
F. Laiegh. and C. Poschenreider.
2010. Colonization with arbuscular my-
corrhizal fungi improves salinity toler-
ance of the tomato plants. J. Plant Soil
331:313-327.

Hu, Y., J. J. Oertli. and U. Schmid
halter. 1997. Interactive effects of sa-
linity and nutrient on wheat. Composi-
tion. J. Plant Nutr. 20: 1168-1182.
Huang, Y., J. Zhu, A. Z. Zhen, L.
Chen. and Z. Bie. 2009. Organic and
inorganic solutes accumulation in the
leaves and roots of grafted and un-
grafted cucumber plants in response to
NaCl stress. J. Food Agri. Environ.
7(2): 703-708.

Hussain, M., M. A. Malik, M. Farooq,
M. Y. Ashraf. and M. A. Cheema.
2008. Improving drought tolerance by
exogenous application of glycine be-
taine and salicylic acid in sunflower. J.
Agron. Crop Sci. 194: 193-199.

Igbal, M. and M. Ashraf. 2013. Alle-
viation of salinity-induced perturbations

in ionic and hormonal concentrations in
spring wheat through seed precondition-
ing in synthetic auxins. J. Acta Physiol.
Plant. 35: 1093—-1112.

Izadi, M. H., J. Rabbani, Y. Emam,
M. Pessarakli. and A. Tahmasebi.
2014. Effects of salinity stress on
physiological performance of variouse
wheat and barley cultivars. J. Plant
Nutr. 37: 520-531.

Jifon, J. L., J. P. Sylvertsen. and E.
Whaley. 2005. Growth environment
and leaf anatomy affect nondestructive
estimates of chlorophyll and nitrogen in
Citrus sp. leaves. J. Am. Soc. Horti. Sci.
130: 152-158.

Kadian, N., K. Yadav, N. Badda. and
A. Aggarwal. 2013. Application of ar-
buscular mycorrhizal fungi in improv-
ing growth and nutrient of Cyamopsis
tetragonoloba (L.) Taub under saline
soil. Intl. J. Agron. Plant Prod. 4: 2796—
2805.

Katerji, N., J. W. Van Hoorn, A.
Hamdy, M. Mastrorilli. and E. Mou-
Karzel. 1997. Osmotic adjustment of
sugar beets in response to soil salinity
and its influence on stomatal conduc-
tance, growth and yield. J. Agric. Water
Manage. 34: 57-69.

Khan, H. R., G. K. McDonald. and Z.
Rengel. 2003. Zn fertilization improves
water use efficiency; seed yield and
seed Zn content in chickpea. J. Plant
and Soil. 249: 389-400.

Laware, S. L. and S. V. Raskar. 2014.
Influence of zinc oxide nanoparticles on
growth, flowering and seed productivity
in onion. Intl. J. Curr. Microbiol. App.
Sci. 3: 874-881.

Manchanda, G. and N. Garg. 2011.
Alleviation of salt-induced ionic, os-
motic and oxidative stresses in Cajanus
cajan nodules by AM inoculation. J.
Plant Bio-Sys. 145: 88-97.

Munns, R. 2002. Comparative physiol-
ogy of salt and water stress. J. Plant
Cell Environ. 25: 239-250.



Journal of Crop Nutrition Science, 3(4): 40-53, December 2017 52

Mardukhi, B., F. Rejali, G. Daei, M.
R. Ardakani, M. J. Malakouti. and
M. Miransari. 2015. Mineral uptake of
mycorrhizal wheat (Triticum aestivum
L.) under the salinity stress. J. Commu-
nications Soil Sci. Plant Analysis.
46(3): 343-357.

Nelsen, C. E. and G. R. Safir. 1982.
The water relations of well-watered,
mycorrhizal and non-mycorrhizal onion
plants. J. Am. Soc. Horti. Sci. 107: 271—
274.

Porcel, R., R. Aroca. and J. M. Ruiz-
Lozano. 2012. Salinity stress allevia-
tion using the arbuscular mycorrhizal
fungi. A review: Agronomy for Sus-
tainable Development. 32: 181-200.
Potarzycki, J. and W. Grzebisz. 2009.
Effect of zinc foliar application on seed
yield of maize and its yielding compo-
nents. J. Plant Soil Environ. 55(12):
519-527.

Qiu-Dan, N., Z. Ying-Ning, W.
Qiang-Sheng. and Y.M. Huang. 2013.
Increased tolerance of citrus (Citrus
tangerina) seedlings to soil water deficit
after mycorrhizal inoculation: changes
in antioxidant enzyme defense system.
J. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca. 41(2): 524-529.

Reddy, A. R., K. V. Chaitany. and M.
D. Vivekanandan. 2004. Drought in-
duced responses of photosynthesis and
antioxidant metabolism in higher plants.
J. Plant Physiol. 161: 1189-1202.
Rojas-Tapias, D., A. Moreno-Galvan,
S. Pardo-Diaz, M. Obando, D. Rivera.
and R. Bonilla. 2012. Effect of inocula-
tion with plant growth-promoting bacte-
ria (PGPB) on amelioration of saline
stress in maize (Zea mays L.). Appl.
Soil Ecology. 61:264-272.

Rodriguez Rosales, M. P., L. Kerkeb,
P. Bueno. and J. P. Donaire. 1999.
Changes induced by NaCl in lipid con-
tent and composition, lipoxygenase,
plasma membrane H" ATPase and anti-
oxidant enzyme activities of tomato

(Lycopersicon esculantum, Mill) calli. J.
Plant Sci. 143: 143-150.
Saed-Moucheshi, A., A. Shekoofa.
and M. Pessarakli. 2014. Reactive
oxygen species (ROS) generation and
detoxifying in plants. J. Plant Nutr.
37(10): 1573-85.

Sanchez-Blanco, M. J, T. Fernandez,
M. A. Morales, A. Morte. and J. J.
Alarcéon. 2004. Variations in water
status, gas exchange, and growth in
Rosmarinus officinalis plants infected
with Glomus deserticola under drought
conditions. J. Plant Physiol. 161: 675-
682.

Sharma, P. N, N. Kumar. and S. S.
Bisht. 1994. Effect of zinc deficiency
on chlorophyll content, photosynthesis
and water relations of cauliflower
plants. J. Photo synthetica. 30: 353-359.
Sharma, V., R. K. Shukla, N. Saxena,
D. Parmar, M. Das. and A. Dhawan.
2009. DNA damaging potential of zinc
oxide nanoparticles in human epidermal
cells. J. Toxicology Letters. 185(3):
211-218.

Shekoofeh, E., H. Sepideh. and R.
Roya. 2012. Role of mycorrhizal fungi
and salicylic acid in salinity tolerance of
Ocimum basilicum resistance to salinity.
Afr. J. Biotech. 11(9): 2223-2235.
Sheng, M., M. Tang, H. Chen, B.
Yang, F. Zhang. and Y. Huang. 2008.
Influence of arbuscular mycorrhizae on
photosynthesis and water status of
maize plants under salt stress. J. My-
corrhiza. 18: 287-296.

Talaat, N. B. and B. T. Shawky. 2011.
Influence of arbuscular mycorrhizae on
yield, nutrients, organic solutes, and
antioxidant enzymes of two wheat cul-
tivars under salt stress. J. Plant Nutri.
Soil Sci. 174: 283-291.

Tambussi, E. A., J. Bort, J. J. Guia-
met, S. Nogués. and J. L. Araus. 2007.
The photosynthetic role of ears in C;
cereals: metabolism, water use effi-
ciency and the contribution to seed



Seyed Sharifi et al., Effects of Mycorrhizal Fungi and Nano Zinc Oxide on Seed... 53

yield. J. Critical Reviews in Plant Sci.
26: 1-16.

Tammam, A., M. F. Abou Alhamd.
and M. Hemeda. 2008. Study of salt
tolerance in wheat (Triticum aestium L.)
cultivar Banysoif. Australian J. Crop
Sci. 1: 115-125.

Tomar, N. S. and R. M. Agarwal.
2013. Influence of treatment of Jatro-
pha curcas L. leachates and the potas-
sium on growth and phytochemical con-
stituents of wheat (Triticum aestivum
L.). American Journal of Plant Science.
4: 1134-1150.

Upadhyay, S. K., J. S. Singh, A. K.
Saxena. and D. P. Singh,. 2012. Im-
pact of PGPR inoculation on growth
and antioxidant status of wheat under
saline conditions. J. Plant Biol. 14: 605-
611.

Very, A. A., M .F. Robinson, T. A.
Mansfield. and D. Sanders. 1998.
Guard cell cation channels are involved
in Na" induced stomata closure in a
halophyte. Plant J. 14: 509-521.

Vivas, A., A. Marulanda, J. M. Ruiz-
Lozano, J. M. Barea. and R. Azcon.
2003. Influence of a Bacillus sp. on
physiological activities of two arbuscu-
lar mycorrhizal fungi and on plant re-
sponses to PEG-induced drought stress.
J. Mycorrhiza. 13: 249-256.

Wang, X., C. J. Summers. and Z. L.
Wang. 2004. Large-scale hexagonal-

patterned growth of aligned ZnO nano
rods for nano-optoelectronics and nano
sensor arrays. Nano Letters. 4(3): 423—
426.

Yano-melo, A. M., J. D. Saggin, C.
Maiasp. and C. V. Pacovan.2003. Tol-
erance of mycorrhized banana (Musa
plantets) to saline stress. J. Agric. Eco-
Sys. Environ. 95: 343-348.

Zarrouk, O., Y. Gogorcena, J. Go-
mez-Aparisi, J. A. Betran, M. A. Mo-
reno. 2005. Influence of Almond peach
hybrids root stocks on flower and leaf
mineral concentration, yield, vigour of
two peach cultivars. J. Scientia Hor-
ticulturae. 106: 502-514.

Zheng, Y., Z. Wang, X. Sun, A. Jia,
G. Jiang. and Z. Li. 2008. Higher sa-
linity tolerance cultivars of winter
wheat relieved senescence at reproduc-
tive stage. Environ. Exp. Bot. 62: 129—
138.

Zhongqunlle, H., H. Chaoxing, Z. Zhi
Bin, Z. Zhi Rong. and W. Huaisong.
2007. Changes of anti oxidative en-
zymes and cell membrane osmosis in
tomato colonized by arbuscular my-
corrhiza under NaCl stress. Colloids
and Surfaces B: Bionterfaces. 27: 10-
25.

Zozi, T., 1. Fabio Steiner, D. Rubens
Fey. 2012. Response of wheat to foliar
application of zinc. Ciencia Rural. Santa
Maria. 42(5): 784-787.



