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Table 1. Analysis of variance for the effects of nano zinc oxide, mycorrhiza and salinity stress on yield and some traits of wheat

MS e (Sl

s
s Qr{ SI5T 5 &l sl Ab 5 e SO TRSTH s> dsb als 5 Sles
SOV P o I b i Glado Ojy Ak, eSas Ojy wls Ojy S e s £l OLd £l Os 55 S
dr Spike Number Hoo.mg_s Woo.ﬂ dry Z.uxEEB Grain fillin Effective Grain Grain
length of grain per weight weight grain weight rate € grain filling filling yield per
spike period period plant
Y ) . Kok s Kok . ok ;
S 2 0.067 ™ 13.68™ 0.055"™ 0.0026 0.000287 6.65 1153™ 316.09 0.036™
Replication
5 ST 5l sk *x *k *k *k *k P sk s
GImem 2 18.18 198.46 0.147 0.057 0.000311 2.754 5.43 2.008 0.166
Nano zinc oxide
o 2 11.98™ 163.18™ 0.145™ 0.018™ 0.0000112" 0.063™ 0.77" 0.01™ 0.163™
Salinity
Mycorrhizaz ,5 1 21717 104.17" 0.123" 0.042" 0.000182" 1.02" 8.86™ 1233 0.107™
LS| GUX (g ) 5
Nano zinc 4 0.2 IL13™  0.0254™  0.001™  0.0000206 0.096 111 0.096 0.028™
oxidexSalinity
£ % 4515k
Nano zinc oxidex 2 0.04 2.16™ 0.082™  0.0002™  0.000048 3.17 22 0.35 0.05™
Mycorrhiza
m\LG X rmuu.tu sk sk *k *k
2 0.069 ™ 0.22™ 0.041" 0.0002 ™ 0.0000405 0.61 0.99 0.17 0.034 "
MycorrhizaxSalinity
S X mLGx LSTel
Nano zinc oxide 4 0.038 ™ 4.56™ 0.03" 0.0004™  0.0000012""  0.059" 0.15 0.0181" 0.033
xSalinityx
Mycorrhiza
W Error 34 0.17 4.74 0.177 0.0005 0.0000005 0.986 0.0048 0.0003 0.02
CV ol 2 - 2.79 8.38 2.23 23.8 8.06 7.98 531 10.108 2.032
ns, * and **: non-significant and significant at the probability level of 5% and 1%, ooz § o Jlil mhaws ;0 s cre lo e pué cud 5 4 s g % 1S
respectively
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Table 2. Mean comparison for the effects of nano zinc oxide, mycorrhiza and salinity stress on spike length, number of grain per spike and

root dry weight of wheat

i 5 il sluas

47 Oluol 110 duly =Y o led = ¥ 095 «( 2155 S8l S a9 R 4 yii»

ol Treatments e 5k Number of erain Ly S 05
Spike length (cm) per m?wm Root dry weight(g)
Salinity oy
No salinity (Aald) (5558 Jlesd 054 =So 4.98° 21.73 0.3°
Salinity of 40 MM )¥se s £+ (5,55 =S 4.11° 17.39 0.27°
Salinity of 80 mM s e A 6555 =S 3.79¢ 15.83¢ 0.24°¢
S LSt 50 Nano zinc oxide
Jals LS| 56 sl 00 =Zn
(ald) 55 LeST 56 Jlesd 05 =Zio 4.61¢ 22.44° 0.22°
No nano zinc oxide application
0.4 g.L"! nano zinc oxide A e St =Zn 5.5 23.11° 0.26°
0.8 g.L'! nano zinc oxide AH ?w /A =Zny 6.622 2852 0.332
Yy Mycorrhiza
1ycorrhizal inoculation  ((als) 15 ,sGb Jlesl O35 =M 5.3b 23.20b 0.22b
Mycorrhizal incoculation| 5 ; Sls 5 5,8 =M 6.22 26.072 0.3

A, LSD &Q%r{i\o@Lrv_mrgbulrﬁ_urm..tﬁzrﬁv_ Ot 53 aline Gy > L sla 1 Sils

Means with similar letters in each column are not significantly different at the probability level of 5% according to LSD test.
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Table 3. Mean comparison for the effects of combined treatments of nano zinc oxide and mycorrhiza on grain yield, 100- grain weight, maximum grain weight,
effective grain filling period, rate and grain filling period of wheat under salinity stress

¢y

Sl S 5 DAE eyss Jib OAE 5 F3e0)s3 s it s wlsoss Sl 051> Shas o 5l p dlslae
Combined (0,5 41> 4o 035 e Effective 4l s Maximum . Estimated equation
. . Grain filling «is Gran filling rate ! Grain (s 5
treatments 100- grain weight(g) . grain filling S grain .
period (day) . (g.day) ioht yield (g/plant)
period (day) weight(g)

ZnoxSoXMo 3.42fehi 26.69" 24.61° 0.0013f 0.0321™ .034bd Y=-0.175+0.0016 X

Zn;xSexMg 3,75 27.72 M 25.75 T 0.0016¢ 0.04121 0.36 Y=-0.225+0.065 X

ZnyxSexMo 4.43be 28.25¢ 27.75™ 0.002°¢ 0.0555¢ 0.44% Y=-0.249+ 0.0020 X

ZnoxS1xMo 3.46 257 23.757 0.0012°¢ 0.02851 0.34] Y=-0.153+0.0012 X
Iw Zn;xS1xMg 3.7¢hi 26.5¢ 24.56 ¢ 0.0016 °f 0.0385 cfe (.37fehi Y=-0.170+ 0.0016 X
9 ZnyxS1xMg 4.15¢fh 27.83 4 25.56¢ 0.0019°¢ 0.0485°¢ 0.44fe Y=-0.172+0.0019 X
by ZnpxS>xMg 3.2defe 24k 22,97 0.0011 i 0.02521 0.27¢df Y=-0.145+0.0011 X

~ Zn;xS>,%xMg 3.48cfeh 26¢ 24h 0.00167 0.038 el 0.35 Y=-0.148+0.0015 X
A ZnyxS>xMg 4.024cfe 27.1°F 25¢f 0.0017¢f 0.0422 < 0.39dcfe Y=-0.175+0.0016 X
M, ZnpxSexM; 3.72¢hik 27.05K 57.051 0.0015°¢ 0.0375 0.36% Y=-0.183+0.0015 X
% ZnixSexM; 4.06°fh 28" 26.2°¢ 0.0017° 0.0445°¢ 0.4 Y=-0.240+0.0017 X
u* ZnyxSexM; 4.55%® 28.55* 282 0.0022° 0.0606* 0.45° Y=-0.256+0.0022 X
,..uu ZnoxS1xM; 3. 680k 261 23.21 ¢ 0.0014¢ 0.0325 feh (.35feni Y=-0.161+0.0014 X
i ZnixS1xMg 3.94ecdef 27.4¢ 25.31 ¢ 0.0016° 0.0405 °f 0.38¢%de Y=-0.168+0.0017 X

ZnyxS1xMg 4.35bed 28¢ 26.18¢ 0.0021 ¢ 0.054 % 0.43df Y=-0.176+ 0.0021 X

ZnoxS>xMg 3.350k 25.7¢ 23.159 0.0014 &hi 0.0323 hi 0.32ehii Y=-0.146+0.0014 X

ZnixS>xMg 3.8hijk 26.85he 24.65M 0.00167 0.0392 hei 0.35¢hi Y=-0.153+0.0016 X

Zn;xSrxMg 4.16%% 27.75¢ 25.43 % 0.0017¢ 0.0438 ¢ 0.41¢ Y=-0.161+0.0017 X

Means with similar letters in each column are not significantly different Lo s b (ks e s Sl Gl g s wlie G b gla Sl

Zno, Zn; and Zn, indicate no nano zinc oxide, application of 0.4 and 0.8 g.L-!, respectively.cs5) 1uS150 23 s 05 N5 IE Ghe o g w gy s 2y (Zng

o e Avgosd 5 Vse e £0 558 (o5 pde i 4 S2 581 So
Si, So and S; indicate no salinity application, salinity of 40 and 80 mM, respectively.
o585 2, 5 15,5850 2, e i 5 o M sMo
My and M; indicate no mycorrhizal inoculation and mycorrhizal inoculation.
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— The predicted value (no application) B The observed value (no application)
====The predicted value (no spraying + mycorrhiza application) # The observed value (no spraying + mycorrhiza application)
— . =The predicted value (spraying of 0.4 L'l nano zine oxide + no mycorrhiza application) # The observed value (spraying of 0.4 g1 nano zinc oxide + no mycorrhiza application)
— — —The pradictad value (spraying of 0.4 gL nano zinc oxide + mycormhiza application) = The observed value (spraying of 0.4 g1 nano zinc oxide + mycorrhiza application)
— — —The predicted value (spraying of 0.8 2 L1 nano zinc oxide + no mycorrhiza application) # The observed value (spraving of 0.8 21! nano zine oxide + no mycorrhiza application)
--=-The predicted value (spraying of 0.8 2L nano zinc oxide + mycorhiza application) The observed value (spraving of 0.8 gL nano zinc oxide + mycorrhiza application)
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Fig 1- Variations in grain filling rate as affected by nano zinc oxide and mycorrhiza treatments with no salinity applicaton (A), salinity of 40 (B) and 80 (C) Mm
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Fig 2- Variations in dry matter accumulation under nano zinc oxide and mycorrhiza treatments with no salinity applicaton (A), salinity of 40 (B) and 80 (C) Mm
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Introduction: Salinity is one of the major environmental stresses that decreases
water availability to plant roots through reduced osmotic potential in the soil.
The most important response of plants to saline soils or salty irrigation water is
a reduction in growth. Salt stress causes disturbance in photosynthetic processes
by ionic toxicity and also decreases photosynthetic area by osmotic stress, leading
to reduced plant growth period and increased grain-filling rate (Pessarakli, 1999).
One of the suitable ways to improve crop yield under salinity is to use mycorrhizal
fungi. These fungi employ various mechanisms, such as enhancing plant nutrient
and water status or maintaining sodium-potassium ratio, to improve salt tolerance
of host plants. Another impact of water scarcity is the disruption of plant nutritional
equilibrium, particularly, in relation to micronutrients. A complementary supply of
micronutrients through foliar spraying can enhance plant growth under stressful
conditions. In this regard, nanoparticles are considered to be superior over other
forms due to being light and having high solubility and mobility, which increase
their chances of contacting plants (Salehi and Tamaskoni, 2008). The aim of this
study was to evaluate the effects of bio-fertilizers and zinc on yield, dry matter
accumulation, rate and duration of grain filling in wheat under soil salinity
condition.
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Materials and Methods: A factorial experiment was conducted based on
randomized complete block design with three replications in research greenhouse
of the Faculty of Agriculture Sciences, University of Mohaghegh Ardabili in 2015.
Experimental factors were soil salinity at three levels (no salinity application as
control, salinity of 40 and 80 Mm as NaCl) and mycorrhizal inoculation in two
levels [no application, application of mycorhizal (Glomus mosseae)] and foliar
application of nano zinc oxide in three levels (no spraying of nano zinc oxide,
application of 0.4 and 0.8 g lit"). To investigate grain filling parameters in each
sampling, two plants in each pot were taken. The first sampling was taken on day 13
after heading, and other samplings were taken in 3-day intervals to determine grain
weight. We calculated total duration of grain filling for each treatment combination
a+ bt t<T .
W= {a £t t> TELOdeL
Where GW is the grain dry weight, a— the GW-intercept, b— the slope of grain
weight indicating grain filling rate. Effective grain filling period (EGFD) was
calculated from the following equation:
EGFD = the highest grain weight (g)/ratio of grain filling (g day™)
Conversely, an increase in kernel weight in filling period was calculated by using
the above-cited equation in statistical software SAS via Proc NLIN DUD method.
Results and Discussion: The results showed that all the measured traits for wheat
were significantly affected by mycorrhiza inoculation, salinity stress and nano zinc
oxide application (Table 1). Increasing salinity level from 0 to 80 Mm reduced
yield and yield components of wheat plant. The highest yield (0.45 g. per plant)
was obtained from combined treatments of foliar spray of zinc nano oxide (0.8
g.lit") and mycorrhizal inoculation without salinity application. The lowest yield
(0.32 g.per plant) was associated with the greatest concentration of salinity where
no foliar spraying and no mycorrhiza were applied (Table 3). Likewise, the highest
grain weight (0.0606 g) and grain-filling rate (0.0022 g.day) were achieved by
combined treatments of no salinity, mychorrhizal inoculation and foliar application
of zinc nano oxide (0.8 g.lit") and the lowest values for these traits (0.0252 g and
0.0011 g.day) were respectively obtained from the highest salinity level with no
application of nano zinc oxide and mycorrhiza (Table 3). Simultaneous application
of mycorrhiza and nano zinc oxide (0.8 g.lit"') with no salinity treatment resulted in
the greatest grain filling period (28.55 days) and the highest effective grain filling
period (28 days). Baniabbass (2012) stated that Zn increases plant photosynthetic
capacity and consequently leads to increased carbohydrate amount in plants, which
in turn, results in greater dry matter production that is stored as reserves in grain.
This is attributed to the vital role of zinc in phosphoenolpyruvate carboxylase
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structure and also its importance in direct synthesis of growth hormones such as

auxin.

Conclusion: Our findings suggest that nano zinc oxide application together with

mycorrhiza can improve yield and biomass performance in wheat under salinity

stress.

Keywords: Bio-fertilizers, total biomass, mycorrhiza, microelement, foliar

application
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