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ABSTRACT
This research was carried out to assessment agro physiological traits of bread wheat
affected salinity stress, Nano zinc oxide and arbuscular mycorrhiza (AM) fungi under
greenhouse condition via factorial experiment based on randomized complete blocks
design with three replications. Experimental factors included salinity stress in three
levels [no-salt (S0) or control, salinity 40 (S1), and 80 (S2) mM NaCl], Arbuscular
mycorrhizal fungi at two level [no application (M0), application of arbuscular
mycorrhiza (M1)] and nano zinc oxide at three levels [without nano zinc oxide as
control (Zn0), application of 0.4 (Zn1) and 0.8 (Zn2) g.lit-1]. Result of analysis of
variance showed effect of soil salinity, AM fungi and nano zinc oxide on dry matter
remobilization from stem and shoots, contribution of remobilization from shoots to
seed, stem reserve contribution in seed yield, chlorophyll index and seed yield was
significant at 1% probability level. Also interaction effect of treatments on measured
traits was not significant but effect of salinity, AM fungi and nano zinc oxide on seed
yield was significant at 5% probability level. Mean comparison result revealed salinity
stress decreased seed yield and chlorophyll index of wheat. But dry matter
remobilization from shoots increased. The highest dry matter (0.198, 0.195 and 0.194 g
per plant) and stem reserves remobilization to seeds (0.177, 0.175 and 0.177 g per
plant) were observed in the highest salinity level and no application of AM fungi and
nano zinc oxide, respectively. The results indicated that the highest (0.44 g per plant)
seed yield was obtained from plants under low salinity level, AMF and 0.8 g.lit-1 nano
zinc oxide. Generally, it was concluded that AM fungi and nano zinc oxide can be as a
proper tool for increasing wheat yield under salinity condition.
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INTRODUCTION
Wheat is an important source of energy and protein. Yield of wheat depends mainly on the processes of starch
synthesis and accumulation (Pan et al.,
2007). In the seed filling period, drymatter remobilization from source organs to sink organs is an important factor influencing the final wheat yield. In
cereals, such as wheat and barley, seed
filling is sustained by current photosynthesis of the upper parts of the plant,
such as the flag and the ear (Tambussi
et al., 2007) and by redistribution of
assimilates stored in the stem (Ehdaie et
al., 2008). The relationship between
decrease in stem weight from anthesis
to maturity and seed yield indicates that
the smallest decreases in stem weight
were associated with the highest yields.
This decrease in stem weight during
seed filling support the proposal that
stored assimilates was used during seed
filling (Flood et al., 1995). The rate of
seed starch accumulation and seed
weight are affected by photosynthetic
assimilation, dry matter accumulation,
dry matter remobilization and starch
accumulation capacity on one side and
growing conditions (Przulj and Momcilovic, 2003). In conditions when assimilates from current photosynthesis
become unavailable due to stress such
as drought, salinity and high temperature, seed filling depends to a high extent on remobilized resources (Przulj
and Momcilovic, 2003). The availability of stored assimilate that can be remobilised for seed filling may act as a
buffer to seed yield against suboptimal
growth conditions, (Bidinger et al.,
1977). Wheat is moderately tolerant to
salinity, and species variations in salinity tolerance have been reported (Ali et
al., 2007). 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
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and Chaoxing, 2011). It adversely affects the growth of most agricultural
crops through its influence on certain
aspects of plant metabolism such as
osmotic adjustment (Bernstein, 1963),
reduce chlorophyll content, photosynthetic rate and the stomatal conductance, imbalance in the synthesis of
endogenous plant growth regulators
(PGR) (Iqbal and Ashraf, 2013). Ionic
imbalance is considered as one of the
main effect of salinity stress in many
plants (Zheng et al., 2008; Iqbal and
Ashraf, 2013). The ionic balance has a
key role in photosynthesis and other
metabolic activities of the cell (Zheng et
al., 2008). Several strategies have been
developed in order to decrease the toxic
effects caused by high salinity on plant
growth. Among them the usage of arbuscular mycorrhizal (AM) fungi as a
biologically based strategy to alleviate
the adverse impact induced by salt is of
such alternatives. Many researchers
have reported that AMF could enhance
the ability of plants to cope with salinity
(Talaat and Shawky, 2011; AbdelFattah and Asrar, 2012). AM fungi
symbiosis promote salinity tolerance by
utilizing various mechanisms, such as
defending roots against soil-borne
pathogens, improving rhizospheric and
soil conditions, modifying microbial
communities, enhancing antioxidant
enzymes activity, maintaining membrane integrity, stimulating plant growth
regulators, enhancing plant nutrient acquisition, physiological changes (leaf
gas exchange rate, photosynthetic efficiency, relative permeability, water
status and abscissic acid accumulation)
(Sheng et al., 2008; Talaat and Shawky,
2011; Abdel-Fattah and Asrar, 2012).
Kadian et al. (2013) reported that chlorophyll activity is restored in mycorrhizal plants grown under salt stress due to
increased activity of specific enzymes
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required for its biosynthesis. 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 dependent 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 susceptibility of plants via drought and salinity 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). Better understanding of wheat
physiological responses under salinity
may help in programs which the objective is to improve the seed yield under
salinity levels. Considering the above
facts, the present study was conducted
to evaluate the effect of different salinity level, application of ZnO nano materials and Mycorrhizal fungi on agrophysiological traits.
MATERIALS AND METHODS
Greenhouse and Treatments Information

This research was carried out to assessment agro physiological traits of
bread wheat affected salinity stress,
Nano zinc oxide and arbuscular mycorrhiza (AM) fungi under greenhouse
condition via factorial experiment based
on randomized complete blocks design
with three replications along 2015 year.
Experimental factors included salinity
stress in three levels [no-salt (S0) or
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control, salinity 40 (S1), and 80 (S2)
mM NaCl], AM fungi at two level [no
application (M0), application of arbuscular mycorrhiza (M1)] and nano zinc
oxide at three levels [without nano zinc
oxide as control (Zn0), application of
0.4 (Zn1) and 0.8 (Zn2) g.lit-1].
Greenhouse Management
Arbuscular mycorrhiza (AM) fungi
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 about
6.9. Air temperature ranged from 22 to
27 °C during the day and 18 to 21°C
during the night. Humidity ranged from
60 to 65%. The wheat cultivar "Attila 4"
was used in the experiment. Optimal
density of cultivar "Attila 4" is 400
seeds.m-2, so 40 seeds were sown in
each pot with 4 cm deep, filled approximately with 20 kg of abovementioned soil. The pots were immediately irrigated after planting. Salt stress
treatments were applied two weeks after
planting. Foliar application ZnO nano
was done in two growth stages (4-6 leaf
stage and before booting stage).
Measured Traits
Dry matter and stem reserves mobilization to seed yield assay: Dry matter
and stem reserves mobilization to seed
yield were evaluated as follows (Inoue
et al., 2004):
Equ. 1. Dry matter remobilization to
seed (g per plant) = maximum shoot dry
matter after anthesis (g per plant) –
shoot dry matter (except seeds) in maturity (g per plant)
Equ. 2. Dry matter contribution of assimilates to seed (%) = [remobilization/
seed yield] ×100
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Equ. 3. Stem reserves remobilization to
seed yield (g per plant) = maximum
stem dry matter after anthesis (g per
plant) – stem dry matter in maturity (g
per plant)
Equ. 4. Stem reserve contribution to
seed yield (%) = [stem dry matter
remobilization/ seed yield] × 100.
Chlorophyll content: The fully developed flag leaf of the main tillers was
randomly selected from five plants of
each plot for determination of chlorophyll content. The chlorophyll content
of leaves was determined with a SPAD502 (Konica Minolta Sensing, Osaka,
Japan) (Jifon et al., 2005).
Seed yield per plant: In order to measure seed yield per plant, 10 plants of
each pot randomly were harvested.
Statistical Analysis
The analysis of variance was done by
SAS software and the means were compared with using least significant difference test (LSD) at 5% probability level.
RESULT AND DISCUSSION
Result of ANOVA showed effect of
soil salinity, AM fungi and nano zinc
oxide on dry matter remobilization from
stem and shoots, contribution of remobilization from shoots to seed, stem reserve contribution in seed yield, chlorophyll index and seed yield was significant at 1% probability level. Also interaction effect of treatment on measured
traits was not significant but effect of
salinity, AM fungi and nano zinc oxide
on seed yield was significant at 5%
probability level (Table 1).
Dry matter and stem reserves mobilization to seed yield
In the seed filling period, dry-matter
remobilization from source organs to
sink organs is an important factor influencing the final winter wheat yield. The
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results showed that salinity levels decreased the chlorophyll index and led to
more mobilization of dry matter and
stem reserves assimilates to seed (Table
2). El-Tayeb, (2005) reported that reduced chlorophyll contents under stress
is attributed to increased activity of
chlorophyllase causing degradation of
pigments and hence resulting in reduced
photosynthesis and hence plant growth
and biomass production. In contrast,
nano zinc oxide foliar application and
inoculation of AM fungi slowed senescence and retarded such mobilization.
These decreases in stem weight during
seed filling support the proposal that
stored assimilate was used during seed
filling. Furthermore, in wheat this reliance on stored assimilate is increased
with rapidly developing salinity severity. In 80 mM salinity, chlorophyll index was reduced but dry matter and
stem reserves remobilization to seed
were significantly increased (Table 2).
It seems that the increase of chlorophyll
index due to current photosynthesis in
plants that were grown under nano zinc
oxide and mycorrhizae treatments decreased mobilization of dry matter and
stem reserves to seed yield. The highest
dry matter (0.198, 0.195 and 0.194 g per
plant) and stem reserves remobilization
to seeds (0.177, 0.175 and 0.177 g per
plant) were observed in the highest salinity level (S3) and no application of
AM fungi and nano zinc oxide, respectively (Table 2). The stress tolerance
efficiency of cereals is not only dependent on the assimilation of dry matter and
stem reserves but also on the effective
partitioning of these reserves to the
seeds. The contributions become greater
when plants are grown under salinity
stress than under non- salinity treatment. The highest of dry matter from
shoots and stem reserves contribution to
seed yield (32.09 % and 26.72 % respectively) was observed in salinity of

Journal of Crop Nutrition Science, 3(3): 61-69, September 2017

80 mM. The lowest of them (16.45 and
13.33 % respectively) was obtained at
no-salinity (Table 2). Yang et al. (2006)
reported that enhanced remobilization
and increased seed filling duration are
mainly attributed to elevated ABA levels in the stems and seeds when subjected to stress condition. On the other
hand, there were a reduction about
47.45% and 50% in contribution of remobilization from shoots to seed and
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stem reserve contribution in seed yield,
respectively in application of nano zinc
oxide as Zn2 and inoculation of AM
fungi as M1 in comparison with related
controls (Table 2). In many respects this
is surprising, considering that there was
much early speculation concerning a
role of growth regulator in mediating
plant responses to drought and high salinity (Wang et al., 2009).

Table 1. Summary result of analysis of variance of measured parameters
Dry matter
remobilization from
stem
0.0004**
0.003**

Contribution
of remobilization from
shoots to seed
18.10**
1150.57**

Stem
reserve contribution in
seed yield
9.65**
719.57**

S.O.V

df

Replication
Soil salinity (S)
Nano zinc
oxide (Zn)
Mycorrhiza
(M)
S × Zn
S×M
Zn × M
S × Zn × M
Error
CV(%)

2
2

Dry matter
remobilization from
shoots
0.0045ns
0.088**

2

0.06**

0.001**

588.97**

1

0.08**

0.0003**

4
2
2
4
34
-

0.001ns
0.0006ns
0.001ns
0.0009ns
0.0008
10.71

0.00001ns
0.00003ns
0.00007ns
0.000005ns
0.000005
7.76

ns

Chlorophyll
index

Seed
yield

51.30*
236**

0.036ns
0.163**

386.23**

163.5**

0.166**

87.98**

33.35**

224.89**

0.107**

7.09ns
0.84ns
4.52ns
3.720ns
0.98
15.13

4.79ns
0.658ns
2.30ns
1.96ns
0.59
12.11

13.452ns
2.16ns
3.61ns
2.58ns
10.25
9.8

0.028ns
0.034ns
0.050ns
0.033*
0.020
2.03

, * and ** show not significant and significant differences at 5% and 1% probability level, respectively.

Chlorophyll index
Nano zinc oxide, mycorrhiza and
saline condition had strong effects on
leaf chlorophyll content. Soil salinity
drastically lowered leaf chlorophyll
content (Table 2). However, nano zinc
oxide and mycorrhizal inoculation
considerably increased the pigment
content (Table 2). Salinity causes a reduction in chlorophyll content (Table
2), which is the essential component of
the chlorophyll structure (Kadian et al.,
2013), suppressing the activity of specific enzymes required for the synthesis
of photosynthetic pigments (Murkute et
al., 2006) and decreased uptake of nutrients (e.g., Zu) needed for chlorophyll
biosynthesis (Sheng et al., 2008; Abdel
Latef and Chaoxing 2011). The highest

activity of chlorophyll index (60.57,
60.16 and 58.76) was observed in
salinity of S1, application mycorrhizae
as M1, nano zinc oxide as Zn2
respectively (Table 2). A decrease in
chlorophyll index of wheat under salinity stress (Table 3) would be a typical
symptom of oxidative stress (Reddy et
al., 2004). Higher contents of chlorophyll pigments in AMF-inoculated
plants contribute to the greater photosynthetic activity leading to maintained
growth. Our results of enhanced
chlorophyll contents in AMF-colonized
plants are similar to support of the
findings of Hajiboland et al. (2010).
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Table 2. Means comparison of measured traits affected by salinity, nano zinc oxide and mycorrhizal fungi
Contribution of Stem reserve
Dry matter
Dry matter
contribution Chlorophyll
remobilization
remobilization remobilization
Treatment
index
in seed yield
from shoots to
from stem
from shoots
(%)
seed (%)
(g per plant)
(g per plant)
Salinity Stress
S1
0.185c
0.170c
16.45c
13.33c
60.57a
b
b
b
b
S2
0.192
0.174
23.09
19.26
55.17b
a
a
a
a
S3
0.198
0.177
32.09
26.72
54.4b
Nano zinc oxide
Zn0
0.195a
0.175a
28.81a
23.91a
54.57b
Zn1
0.191b
0.171b
23.54b
19.45b
55.41b
c
c
c
c
0.188
0.165
19.54
15.95
60.16a
Zn2
Mycorrhizal
fungi
M0
0.194a
0.177a
24.75a
20.89a
54.67b
b
b
b
b
M1
0.190
0.173
22.18
18.65
58.76a
*Means with similar letters in each column are not significantly different via LSD test at 5% probability level.
S0, S1 and S2: no-salt (control), salinity 40 and 80 mM NaCl, respectively.
M0 and M1: no-application of mycorrhiza and application mycorrhiza, respectively.
Zn0, Zn1 and Zn2: without nano zinc oxide as control, application of 0.4 and 0.8 g.lit-1, respectively.

Enhancement in the chlorophyll pigments due to AMF is because of enhanced mineral uptake especially magnesium, an important component of
chlorophyll (Sheng et al., 2008). Kadian
et al. (2013) also reported that chlorophyll activity is restored in mycorrhizal
plants grown due to increased activity
of the specific enzymes 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 catalytic components of
proteins, enzymes and as cofactors for
normal development of the pigment
biosynthesis. Sharma et al. (1994) reported added zinc enhanced the growth
of cabbage and improved the chlorophyll content and photosynthetic activity in the leaves. Zarrouk et al. (2005)
indicated a positive correlation of Zn
concentrations with leaf chlorophyll.
Seed yield
Interaction effect between salinity,
mycorrhizae and nano zinc oxide
showed that the highest seed yield (0.44

g per plant) was obtained at no salinity
condition, use of mycorrhizae and nano
zinc oxide as M1Zn2. But the minimum
of seed yield (0.27 g per plant) observed
in salinity of 80 mM and Zn0M0 (Table
3). Salt stress affects plant metabolism,
which results in decreased growth and
yields. Lower chlorophyll index due to
salt stress resulted in higher dry matter
and stem reserves mobilization to seed
yield, which might have been a major
reason for seed yield reduction in
wheat. The relationship between decrease in the stem weight from anthesis
to the maturity and seed yield indicates
the smallest decreases in stem weight at
each of the sites were associated with
the highest yields. This decrease in stem
weight during seed filling support the
proposal that stored assimilates was
used during seed filling. Rhizosphere
the micro organisms, particularly beneficial bacteria and fungi, can improve
plant performance under stress environments and, consequently, enhance
yield both directly and indirectly (Dimkpa et al., 2009).
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Table 3. Means comparison interaction effect of different salinity level, mycorrhiza
fungi and nano zinc oxide on Seed yield
Treatment
Salinity
S1

S2

S3

Nano zinc
oxide
Zn0
Zn 1
Zn 2
Zn0
Zn 1
Zn 2
Zn0
Zn 1
Zn 2

Seed yield
(g per plant)
M0
*bd

0.34
0.36cd
0.45ab
0.32f-j
0.37f-i
0.40d-g
0.27c-f
0.35j
0.39d-g

M1
0.36ab
0.40bc
0.44a
0.35f-i
0.38cde
0.43def
0.34j
0.35g-j
0.41cd

*Means with similar letters in each column are not significantly different via LSD test at 5% probability level.
S0, S1 and S2: no-salt (control), salinity 40 and 80 mM
NaCl, respectively.
M0 and M1: no-application of mycorrhiza and application mycorrhiza, respectively.
Zn0, Zn1 and Zn2: without nano zinc oxide as control,
application of 0.4 and 0.8 g.lit-1, respectively.

Azcón and Barea (2010) has been
proposed co-inoculation with bio fertilizer as an efficient procedure to increase
plant growth. Vivas et al. (2003) suggested there are synergistic effects on
plant growth when mycorrhiza is inoculated, particularly under growth limited
conditions. Gobarah et al. (2006) reported foliar application with zinc levels
had a significant effect on growth, yield
and its components as well as seed quality under salinity conditions. Significant
increases in seed yield with foliar Zn
application have been reported in other
crops such as rice (Cakmak, 2008),
triticale (Cakmak et al., 1997), common
beans (Teixeira et al., 2004) and maize
(Potarzycki and Grzebisz, 2009).
CONCLUSION
Salinity reduced yield and chlorophyll but dry matter remobilization
from shoots increased. Use of mycorrhizae and nano zinc oxide can be
recommended to improve production
under salinity condition.

67

REFERENCES
Abdel Latef, A. A. and H. Chaoxing.
2011. Effect of arbuscular mycorrhizal
fungi on growth, mineral nutrition, antioxidant enzymes activity and fruit yield
of tomato grown under salinity stress. J.
Sci. Hortic. 127: 228-233.
Abdel-Fattah, G. M. and A. A. Asrar.
2012. Arbuscular mycorrhizal fungal
application to improve growth and tolerance 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
nanotechnology in retinal diseases. J.
Ophthalmology. 28(4): 304-309.
Ali, Z., S. Abdus, M. A. Faqir. and A.
K. Iftikhar. 2007. Genotypic variation
in salinity tolerance among spring and
winter wheat (Triticum aestivum L.)
accessions. South Af. J. Bot. 73: 70–75.
Aroca, R., J. M. Ruiz-Lozano, A.
Zamarreno, J. A. Paz, J. M. GarciaMina, M. J. Pozo. and J. A. LopezRaez. 2013. Arbuscular mycorrhizal
symbiosis influences strigolactone production under salinity and alleviates salt
stress in lettuce plants. J. Plant Physiol.
170: 47–55.
Azcón, R. and J. M. Barea. 2010. Mycorrhizosphere interactions for legume
improvement. In: M. S. Khanf, A.
Zaidi, J. Musarrat, editors. Microbes for
legume improvement. Vienna. Springer
Pub. 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.
Bernstein, L. 1963. Osmotic adjustment of plant to saline media. Dynamic
Phase. Am. J. Bot. 48: 909-918.
Bidinger, F., R. B. Musgrave. and R.
A. Fischer. 1977. Contribution of
stored pre anthesis assimilate to seed
yield in wheat and barley. Nature. J.
270: 431-3.

Seyed Sharifi et al., Evaluation Effects of Mycorrhizal Fungi (AM) and Nano Zinc…

Cakmak, I. 2008. Enrichment cereal
seeds zinc: agronomic or genetic bio
fortification? Plant and Soil. 302: 1-17.
Cakmak, H. 1997. Differential response of rye, triticale, bread and durum
wheat to zinc deficiency in calcareous
soils. Plant and Soil. 188(1): 1-10.
Dimkpa, C., T. Weinand. and F. Ash.
2009. Plant rhizobacteria interactions
alleviate a biotic stress conditions. Plant
Cell Environ. 32: 1682–1694.
Ehdaie, B., G. A. Alloush. and J. G.
Waines. 2008. Genotypic variation in
linear rate of seed growth and contribution of stem reserves to seed yield in
wheat. Field Crops Res. 106: 34-43.
El-Tayeb, M. A. 2005. Response of
barley seeds to the interactive effect of
salinity and salicylic acid. Plant Growth
Regular. 45: 215–224.
Flood R. G., R. J. Martin. and W. K.
Gardner. 1995. Dry matter accumulation and partitioning and its relationship
to yield in wheat. Australian J. Exp.
Agri. 35: 495-502.
Gobarah, A., E. Mirvat, M. H. Mohamed and M. M. Tawfik. 2006. Effect of phosphorus fertilizer and foliar
spraying with zinc on growth, yield and
quality of groundnut under reclaimed
soils. J. Appl. Sci. Res. 2(8): 491-496.
Hajiboland, R., A. Ali asgharzadeh,
S. F. Laiegh. and C. Poschenrieder.
2010. Colonization with AM fungi improves salinity tolerance of tomato.
Plant Soil. 331: 313–327.
Inoue, T., S. Inanaga, Y. Sugimoto, P.
An. and A. E. Eneji. 2004. Effect of
drought on ear and flag leaf photosynthesis of wheat cultivars differing in
drought resistance. Photosynthetica. 42:
559-565.
Iqbal, M. and M. Ashraf. 2013. Alleviation of salinity induced perturbations
in ionic and hormonal concentrations in
spring wheat through seed preconditioning in synthetic auxins. Acta Physiol.
Plant. 35: 1093–1112.

68

Jifon, J. L., J. P. Syvertsen. 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 arbuscular Mycorrhizal fungi in improving growth and nutrient of Cyamopsis
tetragonoloba (L.) Taub under saline
soil. Intl. J. Agron. Plant Prod. 4: 2796–
2805.
Murkute, A. A, S. Sharma. and S. K.
Singh. 2006. Studies on salt stress tolerance of citrus root stock genotypes
with arbuscular mycorrhizal fungi. J.
Hortic. Sci. 33: 70-76.
Pan, J., Y. Zhu, D. Jiang, T. B. Dai,
Y. X. Li. and W. X. Cao. 2006. Modeling plant nitrogen uptake and seed nitrogen accumulation in wheat. Field
Crop Res. 97: 322-336.
Potarzycki, J. and W. Grzebisz. 2009.
Effect of zinc foliar application on seed
yield of maize and its yield components.
Plant Soil Environ. 55 (12): 519-527.
Przuli, N. and V. Momcilovic. 2003.
Dry matter and nitrogen accumulation
and use in spring barley. Plant, Soil and
Environ. 49(1): 36-47.
Reddy, A. R., K. V. Chaitany. and M.
D. Vivekanandan. 2004. Drought induced responses of photosynthesis and
antioxidant metabolism in higher plants.
J. Plant Physiol. 161: 1189-1202.
Sharma, P. N, N. Kumar. and S. S.
Bisht. 1994. Effect of zinc deficiency
on chlorophyll content, photosynthesis
and water relations of cauliflower
plants. 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 nano particles in human epidermal cells Toxicol. Let. 185(3): 211–
218.

Journal of Crop Nutrition Science, 3(3): 61-69, September 2017

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. Mycorrhiza. 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 cultivars under salt stress. J. Plant Nutr.
Soil Sci. 174: 283-291.
Tambussi, E. A., J. Bort, J. J. Guiamet, S. Nogués. and J. L. Araus. 2007.
The photosynthetic role of ears in C3
cereals: metabolism, water use efficiency and contribution to seed yield.
Critical Reviews in Plant Sci. 26: 1-16.
Teixeira, I. R. 2004. Manganese and
zinc leaf application on common bean
grown on a Cerrado soil. J. Scientia Agricola. 61(1): 77-81.
Vivas, A., A. Marulanda, J. M. RuizLozano, J. M. Barea. and R. Azcon.
2003. Influence of a Bacillus sp. on
physiological activities of two AM
fungi and on plant responses to PEGinduced drought stress. Mycorrhiza. 13:
249–256.
Wang, H. Q. and L. T. Xiao. 2009.
Effects of chlorocholine chloride on
phyto-hormones and photosynthetic
characteristics in potato (Solanum tube-

69

rosum L.). J. Plant Growth Regulation.
28: 21-27.
Wang, X., C. J. Summers. and Z. L.
Wang. 2004. Large-scale hexagonalpatterned growth of aligned ZnO nanorods for nano-optoelectronics and nano
sensor arrays. Nano Letters. 4(3): 423426.
Yang, J. C., J. H. Zhang, K. Liu, Z.
Q.Wang. and L. J. Liu. 2006. Abscisic
acid and ethylene interact in wheat
seeds in response to soil drying during
seed filling. New Phytology. J. 171(2):
293-303.
Zarrouk, O., Y. Gogorcena, J. Gomez-Aparisi, J. A. Betran. and M. A.
Moreno. 2005. Influence of Almond
peach hybrids root stocks on flower and
leaf mineral concentration, yield, vigor
of two peach cultivars. Scientia Horticulturae. 106: 502-514.
Zheng, Y., Z. Wang, X. Sun, A. Jia,
G. Jiang. and Z. Li. 2008. Higher salinity tolerance cultivars of winter
wheat relieved senescence at reproductive. J. Environ. Exp. Bot. 62: 129–138.
Zozi, T., F.Steineri, R. Fey, D.
Dalazen Castagnara. and E. Pereira
Seidel. 2012. Response of wheat to
foliar application of zinc. Ciencia Rural.
Santa Maria. 42(5): 784-787.

