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Introduction

Salinity is one of the major constraints to wheat growth, which hampers production, causing yield loss in arid
and semi-arid regions. Reductions in growth resulting from high salinity are because of both osmotic stress,
inducing a water deficit, and the effects of excess Na* and CI™ ions on critical biochemical processes. Salt stress
induces a significant reduction in photosynthesis through the reduction of leaf area and photosynthetic pigments.
Several strategies have been developed to decrease the toxic effects caused by high salinity on plant growth.
Among them, the use of plant growth-promoting rhizobacteria (PGPR) such as Pseudomonas and Mycorrhiza
play an important role in yield improvement. Many studies have been published on the beneficial effects of
bacterial inoculation on plant physiology and growth under salt stress. One of the common hypotheses employed
in most of the studies conducted under salinity stress was the lowering of ethylene level by the ACC-deaminase
activities of PGPR and improved plant growth and yield under salinity stress.

It was reported that the application of Pseudomonas spp. improved plant growth by decreasing the uptake of
Na® and increasing the activities of antioxidant enzymes under salinity stress. The selective uptake of K as
opposed to Na* is considered one of the important physiological mechanisms contributing to salt tolerance in
many plant species. Inoculation with PGPR significantly decreased Na* uptake and increased K* content and
enhanced levels of K* that could be to mitigate oxidative stress imposed by higher salinity. Some researchers
have reported that PGPR species like Azotobacter and Pseudomonas increased the growth and biomass of canola
(Brassica napus L.) under salinity stress.

A Better understanding of wheat physiological responses under salinity may help in programs in which the
objective is to improve the grain yield under salinity stress. Therefore, this study aimed to evaluate the
physiological, stomata conductance, along with root and shoot Na*/ K" ratios) of wheat to cycocel and PGPR
application under salinity stress.

Material and Methods

A factorial experiment was conducted based on a randomized complete block design with three replications
at the research greenhouse of the Faculty of Agriculture and Natural Resources, the University of Mohaghegh
Ardabili in 2018. The experimental factors included salinity at four levels (no-salinity as control, salinity 40, 80,
and 120 mM NaCl based salinity), application of biofertilizers at four levels (no biofertilizers as control,
mycorrhiza application, application of both Pseudomonas and Flavobacterim, application of mycorrhiza with
Pseudomonas and Flavobacterim) and putrescine foliar application at three levels (foliar application with water
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as control, foliar application of 0.5 and 1 mM putrescine). Mycorrhiza fungi were purchased from the Zist
Fanavar Turan Institute and soils were treated based on the manufacturer’s protocol of 20 g of inoculums per m2
of soil. For inoculation, seeds were coated with gum Arabic as an adhesive and rolled into the suspension of
bacteria until uniformly coated. The strains and cell densities of microorganisms used as PGPR in this
experiment were 107 colony-forming units (CFU). Humidity ranged from 60-65%. The wheat cultivar
"Gascogne" was used in the experiment. The optimum density of cultivar "Gaskogen" is 400 seeds m™, so forty
seeds of wheat were sown in each pot at a depth of 4 cm deep. The pots were immediately irrigated after
planting. Nano putrescine zinc oxide powder was added to deionized water and was placed on ultrasonic
equipment (100 w and 40 kHz) on a shaker for making a better solution. Foliar application with nano putrescine
oxide was done in two stages of period growth (pre and post-4 booting stage).

Results and Discussion

The results showed that with increasing salinity, potassium content, stomata conductance, and leaf area index
decreased but the application of putrescine and biofertilizers increased these traits. At the highest salinity level
(120 mM), there was a decrease of 24.94 and 21.57% respectively in Na* root and shoots in the application of
mycorrhiza with Pseudomonas and Flavobacterim and foliar application of 1 mM putrescine in comparison
with no application biofertilizer and putrescine in same salinity level. At the highest salinity level, application of
mycorrhiza with Pseudomonas and Flavobacterim and foliar application of 1 mM putrescine increased K* root
(47.76%), shoots (21.66%) and grain yield (28.57%) in comparison with no application biofertilizer and
putrescine in same salinity level. It seems that the application of biofertilizers and putrescine can increase the
grain yield of wheat under salinity stress due to improve stomata conductance and leaf area index.
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Figure 1- Effects of salinity, bio fertilizers and putrescine on laf area index of wheat
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Figure 2- Effects of salinity, bio fertilizers and putrescine on total biomass of wheat
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Table 4- Analysis of variance the effects of salinity, bio fertilizers and putrescine on relative water content and electrical
conductivity of wheat

Olrypo (uiilo M.S

Ol ol Slgime (5,10 mdiged Jol 5o S Colad (5415 diged Jol e

5 aslia LS Relative water content Electrical conductivity of flag leaf
df 2y Sy S 95 IRE o Sy Sy W 0,98 IRE
Flag leaf oy Sy Ao Flag leaf e Al
emergence Booting Eading emergence Booting Heading
)55 Replication 2 79.1"" 61.97"" 228.56" 46.12" 60.63" 124.76"
&5 Salinity 3 722.36" 319.78" 6745 1378.04" 403627 825414
o) 28 3 155.94" 186.63" 182.2" 4736" 850.28"" 1531.25"
Bio fertilizer
o sy PUTESCINE 2 70.06" 60.88" 49.47 90.74" 714.28™ 664.15""
S § X W * * * * sk sk
) 295X S9d 9 32.67 26.11 23.08 29.31 53.71 108.96
Salinityx Biofertilizer
O PN s 6 2.55™ 1.98™ 3.12™ 3.93™ 216™ 25.08™
Putrescinex Salinity
) 295X o 6 9.73"™ 21.44™ 10.77™ 14.07™ 11.49™ 32.13"™
Putrescinex Biofertilizer
O P 8298 e 355 PULIESCINEX 18 5.5 407" 7.2 5.14™ 11.99™ 8.56™
Salinityx Biofertilizer
eilol slas
94 13.47 12.79 11.07 13.01 19.3 38.74
Error
CV
L s oy - 4.94 5.67 6.85 5.32 5.21 5.9

oy iy 9 Sy Jlain] o )3 5 gize g ) Gxe juE a4y g s NS
ns, * and **: non-significant and significant at the 5% and 1% probability level, respectively.
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Table 5- Mean comparison the effects of salinity, bio fertilizers and putrescine on relative water content flag leaf

(30 )3) F onmnsi (glgizmo (513 p3ig05 10
Sampling stages of relative water content

&slosd S 2 S0 it ne
Flag leaf o A
emergence Booting Heading
99 Jesl pac N0 salinity 78.63 66.73 53.66
Gy poba Noeke £+ 40 MM 77.29 63.89 50.32
salinity oo o Ae 80MM 71.7 61.81 46.17
Wse Lo Y. 120 MM 69.22 59.76 43.94
LSD5% 1.71 1.67 1.55
) 25 225 pae 71.29 59.93 45.6
without biofertilizer
Sl eligeige ply 2,8 _ 75.12 63.77 48.77
) s3S gl Both application of Pseudomonas with Flavobacterium
Biofertilizers 9255 LoMé o uligesdgus by 51)95ue 3l

levels Application of Mycorrhiza with Pseudomonas and 76.11 65.35 51.08

Flavobacterium
st dn 74.33 63.15 48.64

Application of Mycorrhiza
LSD5% 1.71 1.67 1.55
iyl e 73.36 61.97 47.47
O ey ok no foliar application

Putrescine levels omoig Npoke <6 0.5 MM 73.68 62.96 48.6
Ompe Yoo de V1 MM 75.59 64.22 49.5
LSD5% 1.48 144 1.34
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S1, Sy, Szand S, are no salinity, salinity of 40, 80 and 120 Mm
B,, By, Bz and B, are no bio fertilizers, application both Psedomunas and Flavobacterim, application of mycorrhiza with
Psedomunas and Flavobacterim, mycorrhiza application,
)15 o b (5l ne s )lol M 45156y (s g st oy iyt By b (slaSike
Means with similar letters in each column and each factor are not significantly different.
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Table 6- Mean comparison of the effects of treatment compound salinity and biofertilizers on the relative water content of
flag leaf

(013) w2 52 S 32 OF oo (Slgim0 (5,13 priged Sl o

Solowd S 55

Sampling stages of the relative water content of flag leaf

Treatment compound

o2 S b

P2 xS 0,5 aliw jeb

Flag leaf emergence Booting Heading
B: 76.55 64.33 50.78
s B, 80.45 68.97 55.77
! B, 80.81 69.06 56.33
B, 76.7 64.57 51.78
B, 75 61.19 46.68
S B, 79.91 64.61 48.82
2 B, 78.06 66.08 54.08
B, 76.21 63.68 51.71
B, 66.14 56.06 44.08
s B, 71.43 61.81 47.58
8 Bs 74.69 65.02 47.8
B, 74.55 64.37 45.23
B; 67.47 58.12 40.85
s B, 68.68 59.67 42.92
4 B; 70.89 61.24 46.13
B, 69.85 59.99 45.85
3.3 3.25 3.05
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205550 2208 5 p2 S 5 uligegdges b 28 plg5 3,18 cpsr ySbgd g wligagdges plss 2,8 (st (slo2S 3,18 pae ey 1By 5 By B2 By
S1, Sy, S3, and S, are no salinity, with the salinity of 40, 80, and 120 Mm
By, By, B3, and B, are no bio-fertilizers, application both Psedomunas and Flavobacterim, application of mycorrhiza with
Psedomunas and Flavobacterim, mycorrhiza application,
5 o b 5l sine (o)Ll M (5t o > S e By b slaSilis
Means with similar letters in each column are not significantly different.
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Table 7- Mean comparison the effects of salinity, and bio fertilizers on electrical conductivity Flag leaf of wheat

Electrical conductivity (us.cm™) S 81 colaa

obalojl s logd . Meed L .
Experimental factors PR SRk ot Sy : ”Q'b
Flag leaf emergence R Heading
Booting
&9 Jlesl pac no salinity 62.64 71.2 86.96
G295 ol Mook ¥+ 40MM 67.41 81.43 100.18
Salinity levels Noo e Ar 80 MM 73.88 88 112.8
Yo lo\Ye 120 MM 76.24 96.25 121.7
LSD5% 1.74 2.05 2.91
i) 355 25 pac 74.68 90.19 113.68
without biofertilizer
poyS b g lgegagm plys 2,08
o Both application of Pseudomonas 69.64 83.96 103.25
“"I‘;g fit:)f eG]M with Flavobacterium
i ilizers .
levels P2 ySbed 5 lgegdge b 52)58e 308
Application of Mycorrhiza with 65.83 78.3 98.12
Pseudomonas and Flavobacterium
el 70.01 84.44 106.59
Application of Mycorrhiza
LSD5% 1.74 2.05 2.91
Hslme pas 71.37 88.33 109.04
e ol no foliar application
Putrescine levels v Yse ke o6 0.5 MM 70.13 83.64 105.59
omyin Vsake) 1 MM 68.62 80.68 101.61
LSD5% 151 1.78 2.52
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Means with similar letters in each column and each factor are not significantly different.
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Table 8- Mean comparison the effects of salinity and bio fertilizers on electrical conductivity flag leaf of wheat

S9SN Calad (5,1 piges oty

Solow Sl Sampling stages of electrical conductivity
Treatment compound o2 S b P SN 0,85 dddldw
Flag leaf emergence Booting Heading

B, 64.78 78.71 90.2

S B, 63.48 72.14 83.75
! Bs 59.03 65.71 83.56
B, 63.26 68.25 90.02
B, 73.83 88.55 108.92

s B, 65.65 83.52 99.25
2 Bs 61.24 72.97 91.03
B, 68.91 80.68 101.52
B, 78.04 91.83 122.56
S B, 72.71 87.24 114.43
3 Bs 70.83 83 104.23

B, 73.94 89.93 110
B, 82.08 101.68 132.73
S B, 76.71 92.93 115.58
4 Bj 72.22 91.52 113.66
B, 73.94 98.88 124.84

LSD g5 3.41 5.02 6.14
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0350 3208 5 P2 Sl g Laligegdge b S ol 3,)l8 cpgr ySbgM 5 wbigagdges plss 2,8 gt (slo2gS 3,18 pie ity 1By 3 B3 B2 By
S1, Sz, S3, and S, are no salinity, with the salinity of 40, 80, and 120 Mm
B,, B,, B3 and B, are no bio-fertilizers, application of both Psedomunas and Flavobacterim, application of mycorrhiza with
Psedomunas and Flavobacterim, mycorrhiza application.
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Means with similar letters in each column are not significantly different.
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Table 9- Mean comparison the effects of salinity, bio fertilizers and putrescine on Na*and K* root and shoots and grain yield

of wheat
P S e G .
S ] 131 e 131 ol ; ; 4l 2,8los
) L:" Oplwgil Ay ) g sy aaly ? r’ ? TM ’ Wu “ ey < g I
o Anthocya  (mg.g™DW)  (mg.g”.DW) 9 w9 o) wlop eIl in vield
Treatment nin Na® root K" root (mg.g~.DW) (mg.g~.DW) Na'/ K* Na'/ K* per plant
compound Na shoot K" shoots ratio in ratio in ©
root shoots
Si1B1P; 0.0107 23.6 15.01 19.19 30.83 1.58 0.626 1.23
SiB,Py 0.0123 20.79 17.11 15.72 32.79 1.22 0.483 1.37
S1BsP; 0.0122 22.9 16.75 17.45 35.72 1.37 0.493 1.39
S;B4P; 0.011 22.55 15.36 18.49 31.15 1.47 0.596 1.23
S:B1P; 0.011 21.85 15.36 18.84 32.14 1.43 0.59 1.29
S1B2P; 0.0122 19.74 18.85 18.49 32.71 1.05 0.57 1.38
S;B3P; 0.0117 22.55 17.1 16.07 33.44 1.32 0.483 1.67
S1B4P; 0.0114 20.79 16.41 18.15 34.75 1.27 0.526 148
SiB1P; 0.0116 22.9 15.36 18.84 31.8 15 0.596 1.27
S1B2Ps 0.0113 21.84 18.85 15.37 34.1 1.16 0.453 153
S:BsP; 0.0128 19.38 19.19 15.03 37.7 1.01 0.40 1.86
S1B4P3 0.012 20.44 18.85 16.41 36.39 1.09 0.453 143
S;B1P; 0.0124 28.52 12.22 24.04 27.55 2.34 0.88 1.16
S,B,P; 0.0136 25.36 14.66 21.27 31.8 1.74 0.673 1.3
S,B3P; 0.0133 21.49 16.76 18.15 34.42 1.29 0.53 147
S,B4P; 0.0134 28.17 12.57 23.65 28.21 2.25 0.846 1.29
S;B1P; 0.0127 27.47 13.97 23.35 28.54 1.98 0.823 1.3
S,B,P; 0.0141 26.41 12.92 23.35 28.86 0.81 0.813 1.26
S;BsP; 0.0129 23.25 14.31 19.19 30.5 1.63 0.636 1.29
S,B4P; 0.0139 22.9 16.75 18.49 30.5 1.37 0.613 1.18
S;B1P; 0.0128 28.52 14.32 22.65 31.48 2 0.72 1.33
S,B,P3 0.1034 27.12 13.97 19.53 31.81 1.95 0.616 1.34
S,B3P3 0.0149 21.14 17.11 17.45 34.75 1.24 0.503 1.63
S,B4P3 0.0141 21.85 16.06 20.92 34.42 1.37 0.613 142
S3B1Py 0.0132 32.74 8.74 29.24 23.95 3.77 1.23 0.91
S3B,P; 0.0139 30.98 12.57 28.89 25.59 2.48 1.13 1.07
S3BsP; 0.0139 27.82 9.09 24.39 24.93 3.08 0.98 0.98
S3B4P; 0.1042 28.17 10.83 24.39 26.57 2.61 0.925 0.93
S3B1P; 0.0134 31.69 9.79 27.51 24.28 3.25 1.14 1
S3B,P; 0.0138 30.98 11.88 26.21 29.19 2.62 0.90 0.93
S3BsP; 0.0154 25 12.92 21.96 30.17 1.94 0.73 1.21
S3B4P, 0.0155 27.12 12.92 25.77 29.19 211 0.88 0.97
S3B1P; 0.0135 32.39 10.48 26.81 27.88 311 0.96 0.93
S3B,P3 0.0153 27.47 11.53 25.43 29.52 2.39 0.86 112
S3B3Ps; 0.0159 24.66 13.62 23.35 29.84 1.82 0.78 1.01
S3B4P3 0.0146 28.17 11.53 23.35 26.24 2.45 0.89 1.18
S4B1P; 0.015 36.96 8.04s 31.33 21.66 4.63 1.46 0.84
S4B,P; 0.016 32.74 10.14 29.91 23.63 3.25 1.27 0.92
S4B3P; 0.016 30.63 10.83 30.28 24,94 2.84 122 0.88
S4B4P; 0.0154 36.25 10.14 28.55 23.63 3.59 121 0.88
S4B1P; 0.0151 33.79 9.09 28.2 22.65 3.74 1.25 0.85
S4B,P; 0.0155 33.44 8.05s 26.47 21.99 4.18 121 0.88
S4B3P; 0.0174 33.09 10.48 27.51 25.26 3.18 1.09 1.03
S4B4P> 0.0167 34.85 10.14 30.28 21.99 3.46 1.38 0.89
S4B1P3 0.0164 33.09 11.53 29.94 22.97 2.88 131 0.86
S4B,P3 0.0155 34.5 9.78 26.81 23.96 3.55 112 0.93
S4B3P3 0.0183 29.58 11.88 25.77 26.57 25 0.97 1.08
S4B4P3 0.0161 30.98 10.48 29.24 23.63 2.97 1.24 0.94
LSD 0.001 3.14 242 3.2 3.73 0.285 0.0899 0.17
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S1, S, S, and S, are no salinity, salinity of 40, 80 and 120 Mm
B, B,, B3, and B, are no bio fertilizers, application both Psedomunas and Flavobacterim, application of mycorrhiza with
Psedomunas and Flavobacterim, mycorrhiza application,
P1, P,, and P are no foliar application, foliar application of 0.5 and 1 mM putrescine
Sl e b gyl pixe L;)LJ OWB] g o ) aliie Bg > b (slo (1 Sle
Means with similar letters in each column are not significantly different.
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