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1- Triticum aestivum L.
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Table 1- The properties of physicochemical experimental farm soil
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Table 4- Means comparison of the effects of Nano Fe oxide, bio-fertilizers and salinity on Chlorophyll a and b content of

barley
) 355 2 Judg ks b Judg k5
Sy . Chlorophyll a (mg g™ FW) Chlorophyll b (mg g™ FW)
)
Salinity B.I.O Fe levels ol gk Fe levels .ol 7yl
fertilizer Fi F, Fs F, Fi F, F3 F4
B, 1.21+0.06 1.37+0.03 1.67+0.15 1.16x0.03 0.43+0.05 0.47+0.005 0.5+0.05 0.42+0.04
S; B, 1.34+0.1  1.440.02 1.76£0.05 1.15+0.07 0.44+0.01  0.46+0.03 0.61+0.02 0.43+0.02
B3 1.42+0.04 1.44+0.03 1.87+0.04 1.34+0.02 0.52#0.01  0.59+0.02 0.68+0.01 0.48+0.05
By 1.1240.02 1.11+0.04 1.47+0.13 1.02+0.01  0.4+0.02 0.39£0.03 0.41+0.02 0.38+0.03
B, 1.24#0.08 1.28+0.09 1.52+0.01 1.01+0.05 0.33+0.05  0.3740.01 0.38+0.03 0.32+0.04
S, B, 1.2£0.08 1.32£0.05 1.54+0.05 1.09+0.1  0.34+0.04  0.3910.01 0.3740.01 0.32+0.05
B3 1.31+0.11 1.43+0.09 1.68+0.01 1.12+0.01 0.4+0.03 0.37+£0.02 0.43+£0.02 0.36%0.03
B, 0.96+0/03 1.12+0.02 1.16%0.05 0.9+0.01 0.31+0.03 0.32+0.005  0.37+0.04 0.29+0.02
B; 0.92+0.03 1.12+0.05 1.22+0.07 0.87+0.01 0.26+0.03 0.22+0.02 0.28+0/04 0.21+0.03
S3 B, 0.94+0.04 1.24+0.05 1.29+0.16 0.85+0.01 0.22+0.01  0.28+0.005  0.27+0.01 0.2+0.005
B3 1.1240.02 1.32+0.06 1.26+0.05 0.91+0.06  0/3+0.03 0.31+0.03 0.3440.05 0.26+0.06
By 0.91+0.07 0.93+0.12 1.08+0.03 0.77+0.03  0.2+0.01 0.21+0.01 0.21+0.02 0.18+0.01
B, 0.69£0.05 1.01+0.07 1.06+0.01 0.65+0.06 0.14+0.05  0.19+0.01 0.15+0.01 0.14+0.03
S, B, 0.68+0.35 1.02+0.03  1+0.19  0.62+0.06 0.17+0.05  0.16+0.01  0.18+0.005  0.14+0.005
B3 0.83+0.01 1.1#0.02 1.18+0.03 0.81+0.03 0.17+0.01 0.18+0.02 0.2+0.005 0.17+0.01
B, 0.66+0.03 0.69+0.07 0.87+0.07 0.59+0.05 0.13+0.005 0.14+0.005 0.16+0.005 0.12+0.005
LSD 0.05 0.1044 0.0378
continue of Table 4 f Jgus asldl
Total chlorophyll (mg g™ FW) Js Judg L5 Carotenoid (mg g™ FW)  uigiig,ls
o et 355 ool zolaw Fe levels ool ok Fe levels
Salinity Bio fertilizer Fi Fs Fs3 Fy Fi F, Fs Fa
B, 1.64+0.01 1.84+0.02 2.18+0.21 1.58+0.1 0.42+0.01 0.55+0.02 0.5+0.02 0.4+0.01
B, 1.78+0.08  1.86+0.01 2.38+0.07 1.58+0.02  0.43+0.01  0.45%0.02 0.57#0.03  0.39+0.01
S, Bs 1.94+0.05  2.03+0.01 2.55+0.05 1.83+0.03  0.56+0.02  0.55+0.03 0.6+0.01 0.51+0.03
B, 1.53+0.005 1.5+0.07 1.88+0.15 1.4+0.02 0.4+0.02 0.41+0.03 0.51+0.01 0.38+0.01
B, 1.54+0.08 1.64+0.09 1.9+0.04 1.33+0.05 0.35+0.01 0.43+0.02 0.48+0.04 0.3+0.005
S B, 1.54+0.08 1.72+0.02 1.91+0.04 1.41+0.1 0.35+0.01 0.49+0.02 0.42+0.005 0.33+0.01
Bs 1.72+0.15 1.8+0.07 2.11+0.03  1.48+0.04 0.48+0.004 0.43+0.04 0.54+0.01 0.41+0.02
B, 1.27£0.06  1.44+0.01 1.53+0.05 1.19+0.02  0.3+0.005 0.36+0.004  0.44+0.07  0.3+0.005
B; 1.18+0.04  1.44+0.09 1.41+0.01 1.09+0.02  0.28+0.01  0.3+0.005 0.33+0.01  0.23+0.005
s B, 1.17#0.03  1.53+0.05 1.56+0.17 1.06+0.01  0.29+0.04  0.32%0.03 0.36£0.02  0.24+0.01
8 Bs 1.42+0.1 1.63+0.03 1.6+0.1 1.17+0.03 0.32+0.02 0.34+0.005 0.4+0.09 0.29+0.01
Ba 1.11+0.08 1.15+0.11 1.29+0.01  0.94+0.02 0.25+0.02 0.25+0.03 0/35+0.07 0.21+0.005
B, 0.84+0.06 1.2+0.05 1.21+0.02 0.79+0.06  0.13+0.007 0.16+£0.04 0.25+0.03 0.12+0.003
S B, 0.86+0.03 1.18+0.04 1.18+0.18 0.77+0.05 0.17+0.02 0.25+£0.04 0.26+0.06 0.15+0.01
4 Bs 1.01+0.03 1.28+0.04 1.38+0.05 0.98+0.04 0.23+£0.02 0.28+0.05 0.29+0.04  0.19+0.005
B, 0.79+0.02 0.84+0.07 1.04+0.07  0.72+0.05 0.14+0.02 0.13+0.01 0.17+0.05 0.11+0.005
LSD 0.05 0.1123 0.0497
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F1, F2, F3and F4 are 0.3, 0.6, 0.9 g L™ and without nano Fe oxide as control respectively respectively.
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S1, S2, S3 and S4 are no-salt (control), salinity 25, 50 and 75 mM NaCl, respectively.
B1, B2, B3 and B4 are application of Azospirilium, mycorrhiza, both applications Azospirillum and mycorrhiza, no biofertilizers
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Table 5- Means comparison of the effects of Nano Fe oxide, bio-fertilizers and salinity on plant height, spike length, number
of grain per spike and 100 grains weight of barley

Spike length (cm) aliw Jgb

Plant height (cm) &3¢ g5,

S > Fe levels oyl gl Fe levels oyl zglw
Salinity (o)
Bio
fertilizer F1 F2 F3 F4 F1 F2 F3 F4
B, 7.16x0.15 7.2+0.2 7.63x0.15 6.6+0.1 67.66+0.57 71x1 69+1 56.66+0.57
S: B, 7.16+0.15 7.16+0.15 7.26+x0.05 6.66+0.15 70£1 68.66+£0.57  70.66+0.57 68+1
Bs 7.2#0.13  7.6x0.17 7.56+0.05 7.16+0.15 72+1 73+1 75+1.1 71+1.1
B, 6.66+0.12 6.56+0.05 6.66+0.15 6.26+0.05 68+1.1 67+1 69+1 65.66+1.2
B, 6.46+0.02 6.66+0.14 7.06+0.11  6.2+0.2 60+1.2 61.66+0.57 62.66+0.57 61.66+1.32
S, B, 6.16+0.15 6.26+0.05 6.56+0.13 6.16+£0.15 60.66+0.57 62.66+1.2  64.66+1.52  58.33+1.52
Bs 6.6+1 6.9+0.1 7+0.17 6.6£0.1  60.66+0.57 63.66+0.52 64.66+1.52 61.66+1.52
B, 6.1+0.12 6.3+0.1 6.6+0.1 6.1+0.1  59.66+0.57 60.33+0.85 61.66+1.52  56.33+0.55
B, 6.1+0.1 6.1+0.5 6.5+0.4 5.9+0.1 53.33+1.52 54.33+1.52 54.66+0.57 52+2
Ss B, 6.1+0.1 6.1+0.15 6.1#0.1  5.66+0.15 55.66+1.1 58.33+0.57 59.33+0.48  52.33+1.4
Bs 6.6+0.1  6.66+0.15 6.3x0.36 6.16+0.15 58.33+t1.5 59.33#0.69 60.33+1.52  56.33+0.45
B, 5.66+0.12 5.6+¢0.1 6.16x0.15 5.26+0.17 53.33#1.22 54.33+0.55 52.33+0.52 51.33+1.52
B, 5.66+0.12  5.7+0.2 6.2#¢0.2  5.16+0.15 46+1 48+1 48.33+1.02 45+1
Ss B, 51+#0.1 5.66%0.13 5.36%0.15 5.06+0.25 48+0.5 49+1 48.66+0.57 45+0.57
Bs 5.96+0.15 5.96+0.15 6.16+0.12 5.66+0.15 52.33+1.52 51.33+1.52 53.33£1.52 45+1
B, 4.9+0.2  4.66+0.15 5.16+0.12 4.16+0.15 43+1.1 45+1.1 47+1 41.66+1.52
LSD 0.05 0.1275 1.7375
continue of Table 5 0 Jgua asld
) w295 Aheiaw 53 13 3laxs ) 100 grains weight (g) 41> &e ()39
Lo Number of seeds per spike
Salinity Bio Fe levels oy & glaws Fe levels ol gl
fertilizer F1 F2 F3 F4 F1 F2 F3 F4
B1 241 24£1 26£1 22t1  415:015 4.44:015 4.24+0.15 4.04%0.15
s1 B2 24+1 25+0.55 2411  2166:0.57 4.35:0.14 4.3420.16 4.54x0.16 4.36:0.14
B3 25+1 26£1 28+0.85 24+1  434x017 4.44:016 4442016 4.39:0.16
B4 2166£0.57  22%1 25+1  20.66£0.57 4.17+0.12 4.24t0.15 4.06:0.13 3.95:0.14
Bl 19£1  20.66:0.57  23%1 20£1.1  4.05:015 4.2+0.1  4.15+0.15 3.87+0.13
S2 B2 20.66+0.57 21.66+1.52 21.66+0.57 19.66+0.95 4.05+0.14 4.07+0.13 4.42+0.17 4.03+0.14
B3 20.66+0.57 23+1 24+1 19.66+0.57 4.45+0.15 4.24+0.15 4.23+0.16 3.95+0.14
B4 18.66+0.57 17.66+0.67 20.66+0.77 19+1.3 3.86+£0.13 4.15+0.15 3.96+0.14 3.77+0.12
B1 17.66+0.59 18.66+0.57 19.66+0.57 15.66+0.57 3.76+0.13 4.16+0.13 4.05+0.14 3.67+0.13
S3 B2 17+0.55 18.66+0.57 19+1 16.66+0.57 4.04+0.16 4.15+0.15 4.23+0.16 3.95+0.14
B3 19+1 19.66+0.57 21.66+0.57 17.66+0.66 4.17+0.12 4.24+0.15 4.34+0.15 3.97+0.13
B4 15.66+0.57 16.66+0.57 17.66+0.57 15.66+1.4 3.86+0.14 3.77+0.13 3.86+0.14 3.66+0.13
B1 15.66+0.57 16+1 14.33+1.2 1433+0.57 3.67+0.12 3.66+0.13 4.05+0.15 3.58+0.12
S4 B2 14.66+0.57 13.33+0.47 15+1 14.33£0.87 3.87+0.12 3.89+0.1 4.05+x0.14 3/76x0.13
B3 17+1 14.33+0.57 16.66+£0.57 18.66+0.69 3.97+0.13 3.95+0.14 3.94+0.15 3.95+0.14
B4 14.33+0.57 13.33+0.69 13.33+0.57 12.33+0.57 3.49+0.11 3.57#0.13 3.48+0.11 3.37+0.12
LSD 0.05 1.1372 0.0253
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S1, S2, S3 and S4 are no-salt (control), salinity 25, 50 and 75 mM NacCl, respectively. B1, B2, B3 and B4 are application of
F1, F2, F3 and F4 are 0.3, Azospirilium, mycorrhiza, both applications Azospirillum and mycorrhiza, no biofertilizers respectively.
0.6, 0.9 g L™ and without Nano Fe oxide as control respectively
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Table 6- Means comparison of the effects of Nano Fe oxide, bio-fertilizers and salinity on grain yield of barley

Sagw &ild 3 Shos Grain yield (g per plant)
Salinity s j 95 Fe levels ol z gl
Bio fertilizer F1 F2 F3 [=1

Bl 1.936+0.024 1.987+0.035 1.988+0.032 1.871+0.016

S1 B2 1.872+0.03 1.937+0.022 1.931+0.031 1.855+0.018
B3 1.993+0.033 2.02+0.028 2.04+0.035 1.977+0.036
B4 1.853+0.025 1.848+0.028 1.915+0.025 1.831+0.028
B1 1.842+0.032  1.823+0.028  1.844+0.029 1.786+0.026

S2 B2 1.834+0.026  1.892+0.028 1.87+0.029 1.801+0.031
B3 1.868+0.031  1.904+0.031 1.914+0.03 1.833+0.035
B4 1.737+0.027 1.748+0.021 1.831+0.028 1.712+0.026
Bl 1.511+0.023 1.542+0.027 1.53+0.025 1.445+0.023

S3 B2 1.486+0.022 1.522+0.027 1.532+0.026 1.484+0.021
B3 1.571+0.024 1.573+0.028 1.586+0.031 1.568+0.027
B4 1.44+0.018 1.425+0.022 1.459+0.025 1.408+0.022
Bl 1.382+0.02 1.438+0.024 1.47+0.024 1.365%0.025

S4 B2 1.42+0.022 1.43+0.017 1.423+0.023 1.4+0.02
B3 1.505+0.025  1.494+0.026  1.524+0.026 1.477+0.026
B4 1.353+0.017  1.408+0.022 1.382+0.02 1.32+0.02

LSD 0.05 0.0075

035550 5 paskt sl plg5 338 520580 338 psely seusil 3308 i e By 5 By By By Y50 s VO 5 Vg0 s B Vg0 o YO (555 16595 pie wiay Sy 5 S35 Sy
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S1, S2, S3 and S4 are no-salt (control), salinity 25, 50 and 75 mM NaCl, respectively.

B1, B2, B3 and B4 are application of Azospirilium, mycorrhiza, both applications Azospirillum and mycorrhiza, no biofertilizers
F1, F2, F3and F4 are 0.3, 0.6, 0.9 g L™* and without nano Fe oxide as control respectively respectively.
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Introduction

Salinity is one of the most important and adverse environmental constraint restricting growth and
development of plant particularly in arid and semiarid regions. One approach to improve the salt stress problem
is the use of plant growth promoting rhizobacteria (PGPR) and Mycorrhiza. The PGPR are a group of
rhizosphere colonizing bacteria that produces substances to increase the growth of plants, synthesize different
phytohormones, including auxins, cytokinins, and gibberellins, synthesize enzymes that can modulate plant
growth and development. Arbuscular mycorrhizal fungi (AMF) symbiosis is considered a valuable component
in most agricultural systems due to their role in plant nutrition and soil health. Soil microorganisms such as
Arbuscular mycorrhizal fungi represents a key link between plants and soil mineral nutrients. Thus, they are
collecting growing interest as natural fertilizers. Iron is the third most limiting nutrient for plant growth and
metabolism. It is well known that iron is important component of many vital enzymes, and also participates in
the synthesis of chlorophyll, indole-3-acetic acid (IAA), electron transport, chlorophyll biosynthesis and
photosynthesis, and a structural stabilizer for proteins, membrane and DNA-binding proteins. The problem of
soil salinization is a scourge for agricultural productivity worldwide. Iron deficiency also is a common
nutritional disorder in many crop plants, resulting in poor yields and reduced nutritional quality. Since,
application of bio fertilizers and iron is one of the most important strategies for alleviation of salinity stress
effects. Therefore, the aim of this study was to evaluate the effects of bio fertilizers and iron on yield,
chlorophyll content and some components of grain filling period of barley (Hordeum vulgare L.) under salinity
stress.

Materials and Methods

A factorial experiment was conducted based on randomized complete block design with three replications at
research greenhouse of faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili during
2016. Factors experiment were included bio-fertilizers in four levels (non-application of biofertilizer, application
of Azospirilium, mycorrhiza (Glomus Intraradices), both application of mycorrhiza and Azospirilium), foliar
application with nano iron oxide at four levels (0, 0.3, 0.6 and 0.9 g I'"), soil salinity in four levels (0, 50, 25 and
75 mM NaCl). A two part linear model was used to quantifying the grain filling parameters. In this study, total
chlorophyll, chlorophyll &, b, carotenoid, grain filling components, yield and yield components of barley were
investigated. Grain dry weight and number were used to calculate the average grain weight for each sample.
Total duration of grain filling was determined for each treatment combination by fitting a bilinear model:

{a +bt, t<T,

GW =

a + bt t=T,

Effective grain filling duration (EGFD) was calculated from the below equation: EGFD = the highest grain
weight (g)/ratio of grain filling (g day™).
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Results and Discussion

Means comparison showed that the highest yield (2.46 g per plant), grain filling rate (0.00279 g day 1), effective
grain filling period and grain filling period (39.96 and 26.53 days respectively), chlorophyll a (87.1 mg g 1 FW),
chlorophyll b (0.68 mg g 1 FW), total chlorophyll (2.55 mg g 1 FW) and carotenoid (0.6 mg g 1 FW) were obtained at
treatment of application Azospirilium, mycorrhiza, 0.9 g I-1 of nano iron oxide under no saline condition. While the
lowest amount of traits was obtained in no application of bio fertilizer and nano Fe oxide under on saline condition.
Grain yield was decreased in 25, 50 and 75 mM levels by 5.23, 21.93 and 26.14%, respectively. While, application of
biofertilizers and nano Fe oxide compensated 11.79%, 12.64% and 15.45% respectively from vyield reduction in
compared to control.

Conclusions

It seems that, both application of biofertilizers and nano Fe oxide can be suggested as stabilizers stress in
barley under soil salinity conditions. So, salinity of 25, 50 and 75 mM NaCl decreased 5.23, 21.93 and 26.14%,
respectively from grain yield and application of biofertilizers and nano Fe oxide compensated 11.79%, 12.64%
and 15.45% respectively from yield reduction in compared to control.
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