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Extended abstract
Introduction
Salinity is one of the important and adverse environmental constraints restricting growth and
development of plant particularly in arid and semiarid regions. Soil salinity induces water stress,
nutritional imbalance, hormonal imbalance and generation of reactive oxygen species (ROS) which may
cause membrane destabilization. Moreover, it decreases the yield of many crops by inhibiting plant
photosynthesis, photosystem II efficiency (Netondo et al., 2004), protein synthesis and lipid
metabolism. One approach to solve the salt stress problem is the use of plant growth promoting
rhizobacteria (PGPR) and mycorrhiza. Seyed sharifi et al, (2016) reported that inoculation with PGPR
enhanced proline content, relative water content, and photochemical efficiency of PSII and the activity
of antioxidant enzymes of wheat under salinity stress. Large number of plant species are capable of
forming symbiotic associations with arbuscular mycorrhizal fungi (Glassop et al., 2005). They also
impart other benefits to them, including production/accumulation of secondary metabolites, osmotic
adjustment under osmotic stress, enhanced photosynthesis rate and increased resistance against biotic
and abiotic stresses. In recent years, the use of growth regulators such as polyamines has been proposed
to reduce the effect of biotic and abiotic environmental stresses (Kusano et al., 2008). Therefore, the
aim of this study was to evaluate the effects of bio-fertilizers and putrescine on some physiological and
biochemical responses of wheat under salinity stress conditions.

Materials and methods

A factorial experiment based on randomized complete block design with three replications was
conducted under greenhouse condition in 2018. Experimental factors were included soil salinity in four
levels [no-salt (S1) or control, salinity 40 (S2), 80 (S3) and 120 (S4) Mm NaCl], bio fertilizers at four
levels [no bio fertilizer (B1), both application Psedomunas Putida Strain 186 and Flavobacterim Spp
(B2), both application of mycorrhiza with Psedomunas and Flavobacterim (B3), application of
mycorrhiza (Glomus Intraradices) (B4)] and putrescine foliar application in three levels (without
putrescine as control (P1), foliar application of 0.5 (P2) and 1 (P3) mM). Air temperature ranged from
22°C to 27°C during the day and 18—21°C during the night. Humidity ranged from 60-65%. The wheat
cultivar Gascogen was used in the experiment. Salt stress treatments were applied in two stages (3 - 4
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leaf stage and two weeks after the application of the first salinity). Foliar application of putrescine was
conducted in two stages of vegetative growth (4—6 leaves stage and before of booting stage).

The trend of changes in flag leaf chlorophyll index at the stage of flag leaf emergence, in three samples
of flag leaf were measured by chlorophyll meter (SPAD-502 Minolta of Japan). Chlorophyll fluorescence,
also at the stage of flag leaf emergence, in three samples of flag leaves in each pot was randomly selected
(in the period of 8-10 am) and by the device (chlorophyll fluorometer; Optic Science-OS- 30 USA) After
30 minutes of darkening by clips, Fo, Fm and Fv/Fm indices were measured (Seyed Sharifi et al., 2016).
The flag leaf was used to measure malondialdehyde (MDA) based on Stewart and Boley method (Stewart
and Bewley, 1980) and method of Alexieva et al, (2001) was used to measure the hydrogen peroxide. In
order to measure grain yield, 5 plants of each pot randomly were harvested. Analysis of variance and
mean comparisons were performed using SAS9.1 computer software packages. The main effects and
interactions were tested using LSD test at the 0.05 probability level.

Results and discussion

The results showed that under soil salinity, both application of mycorrhiza with Psedomunas and
Flavobacterim and foliar application of 1 mM putrescine increased maximum fluorescence, quantum
yield, SPAD, yield and yield components. Also, both application of mycorrhiza with Psedomunas and
Flavobacterim and foliar application of 1 mM putrescine increased about 28.57% from grain yield in
comparison with no application biofertilizer and putrescine under the highest salinity level. Salinity
increased malondialdehyde (MDA) and hydrogen Peroxide (H-0-), whereas application of bio fertilizers
and putrescine under salinity conditions decreased (MDA) and (H=0-). both application of mycorrhiza
with Psedomunas and Flavobacterim and foliar application of 1 mM putrescine under the highest
salinity level decreased malondialdehyde and hydrogen peroxide 32% and 35.31% respectively, in
comparison with no application biofertilizer and putrescine in same salinity level.

Conclusion
It seems that bio fertilizers and putrescine application can increase grain yield of wheat due to

improvement of agrophysiological and biochemical traits under soil salinity conditions.
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Table 1. Analysis of variance (Mean squared) the effects of salinity, biofertilizers and putrescine on some physiological
traits, yield and yield components of wheat.

axy welh peleygls ileyeld ey el

el gedeyls Jslas Al polyS Plant
Source of variations ¥ @be gr (SPAD) (Fo) (Fm) (Fv/Fm) height

Replication S 2 18.67* 539.11%*%  41805.86** 0.003** 69.99*
Salinity (S) S 3 467.68*%* 11817.78** 153484.38**  0.056** 2678.05%*
Bio-fertilizers (B) Sy ogS 3 75.97**  2487.06**  17883.64%* 0.008** 312.63**
Putrescine (P) oedg 2 31.9%%  783.5%*  12555.13%%  (.003%*%  295.33%*
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Table 2. Means comparison the effect of salinity, biofertilizers and putrescine on SPAD, Fo, Fm and quantum
yield of wheat
So9 ) 395 (SPAD) Judg IS Lo (FO) Jola> puiluw yold
Salinity  Biofertilizers Py P2 Ps3 P1 P2 Ps3
B1 45.1 Fo 45.46¢1 46.56¢7 198" 184 1954
Si B2 50.13% 4800 50.63° 183" 1815 1734w
B; 47.7 % 48.03%¢ 55.232 175%v 168™* 164*
B4 48.235f 50.9° 48.76"¢ 1879 171V 168%*
B1 42.63% 42 9k 49.6% 209k 206" 205°
Sz B2 46.56%1 46.56%1 4436 207 1974 192
Bs 48.03 b2 45.76%k 49.26¢ 1815 190 176%%
B4 45.2¢" 47.83b 48.03%¢ 19594 180% 1889
B1 38.46" 42.63% 40.239 2200f 214% 212
S3 B: 44.46 & 4371 46.86%1 2164 197™4 200%p
B3 45.36°™ 44.83%0 45f 215% 196™ 194pr4
B4 442 41.83M 44.58° 208 196™ 213¢
Bi1 37.46" 42.23% 39.96™ 2322 2283 231*
S4 B2 39.2%" 40.39" 37.46% 22434 227%¢ 219%¢
B3 41.3v 41.6™ 4281 213¢ 218¢h 209k
B4 41.8™* 39.2%¢ 41.53° 2154 222%¢ 2174k
LSD o.05 3.65 10.26
Table 2. Continued aolsl .Y Joguo
Sg S ) 095 (Fm) g2Slas wilw,eld (Quantum yield) pg%leS & Slos
Salinity  Biofertilizers P1 P2 Ps3 Py P2 P3
B 876k 884 927>t 0.773™ 0.791¢ 0.788"
Si B2 958ad 906 976*¢ 0.807>f 0.798°h 0.822b¢
B3 882¢7 9238 10112 0.801¢¢ 0.817%4 0.8372
B4 93201 995 912¢ 0.798°h 0.827% 0.816*¢
B1 865 900 9271 0.758%° 0.771i" 0.778™
S2 B2 8994 9390-d 875k 0.769%" 0.789% 0.779h
B3 919<h 866 ™ 958:d 0.802%¢ 0.78Mk 0.816*¢
B4 848h-p 8884 923¢f 0.77" 0.796% 0.796%
B1 79204 7994 795m4 0.719% 0.7299 0.731p
Ss B2 8934 881¢d 92701 0.758%° 0.776hm 0.783%
B3 866"™ 9404 888 0.751m4 0.79% 0.78hk
Ba4 8518° 81154 869" 0.754"° 0.757%° 0.753™4
B1 7461 7944 7624 0.687% 0.711%¥ 0.695"
S4 B: 7594 7604 778 0.701+v 0.7%% 0.718%Y
Bs 80311 78504 8451p 0.734°% 0.7225¢ 0.749"
B4 7864 7484 806%4 0.726" 0.701+v 0.728%¢
LSD o.05 71.45 0.024

3 Ugegdgus ,ai,.\” 335 ¢ s GB2sS 0,5 pas i 4:Ba g B3 BaBi ¢ Voo (Lo VY g Ar Fr (508 Jlasl pas i 43554 5 8382 Sy
i Vsa e V5 10 208 (3l Jslone paz s 4 P3 g Po P13 1080 318 (o5 1S Lgdl6 5 aligegse b 112 )55n pls5 0,8 s 1S5S
Wl o b (gl (me (g Lol NS 5t sa p0 St By b sle (Sile
S1, S2, S3, and S4 indicate no salinity, 40, 80 and 120 mM salinity, respectively; Bi, B2, B3, and B4 indicate no biofertilizer,

both application Psedomunas and Flavobacterim, both application of mycorrhiza with Psedomunas and
Flavobacterim, application of mycorrhiza, respectively; P1, P2 and P3; no foliar application, application 0.5 and 1 mM

of putrescine, respectively.
Means with similar letters in each column are not significantly different.
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Table 3. Means comparison of the effect of salinity, biofertilizers and putrescine on yield and yield components

of wheat.
(o L) glis | (0 55Lw) aliiw Jogb
Sogw (3 S5 Plant height (cm) Spike length (cm)
Salinity Biofertilizers P P2 Ps Py P2 P;
B1 65.1%9 72.9%4 70.3¢f 6.03% 6.8°¢ 6.1%4
S1 B2 68.1%4 72b-¢ 76.09 6.09% 6.7¢¢ 7.8%
B3 73.1%4 78.5° 87.9* 6.6°¢ 7.6%¢ 8.4
Bs4 68.5% 71.5%¢ 73.7%>4 6.1%4 6.4°" 6.641
B: 56.6 60.02%p 60.4%p 5.3 5.8¢ 6.09%
Sz B2 61.2° 65.1°k 64.8°k 6.2%1 6.5 6.02%4
B3 65.2% 63.4% 72.7%>4 6.5%" 6.2¢1 7.5%4
B4 62.6"n 63.6" 69.8°" 6.03% 5.9%k 6.95¢
B 53.4r 61.4-° 57.024 4.9t 5.3k 4.9kn
S3 B: 63.2fm 57.44 69.9°¢ 5.8¢! 4.9 6.2%1
B; 62.88" 62.1+° 58.4ka 5.3 5.6Mm 5.1
B4 63.068™ 58.4ka 72.7%>4 5.3 5.1 6.9%f
B: 46.6" 55.7 50.9™ 4.3 5.01%n 4.6
S4 B: 495 48.3t 46.8" 4.8 4.6" 4.4"
B3 54,9 56.2m* 62.1+° 4.8 4.9 5.8¢1
B4 52.59" 51.49" 53.6™" 4.6" 4.8 5.3
LSDo.0s 7.24 1
Table 3. Continued aolol .Y Jous
alcow 50 aild olasy (p,5) dig ST ailo 5 ,Slos
3 oy 395 number of grain per spike Grain Yield (g per plant)
Salinity Biofertilizers Py P2 P3 Py P2 Ps
B: 20.6% 21Fk 21.5¢h 1.23hm 1.29% 1.27%
Si B: 21.06%« 23.8°¢ 26.4% 1.374 1.384h 1.53%¢
B; 21.1% 24,74 28.32 1.394h 1.67° 1.86*
B4 20.8%k 25.9%¢ 22.54f 1.23hm 1.48%¢ 1.434F
B: 19+ 19.2hn 19.9¢ 1.16"° 1.30k 1.33¢
Sz B: 19.1%° 19.06"? 20.6%k 1.30k 1.26¢" 1.34%
B; 21.4¢4 21.06%k 24254 1.47¢¢ 1.29%1 1.63%
B4 19.6Mm 19.2hn 22.4%¢ 1.29f1 1.18i™ 1.424¢
B: 16.6°" 17.4+ 17.4m 0915t 1ot 0.93a
S3 B: 17.6" 16.59Y 19.4hn 1.07™" 0.93at 1.12%0
Bs 16.9™ 19.4hn 17.9% 0.98pt 1.21+-m 1.01°
B4 17.2m¢ 18.6%4 18.9i4 0.93at 0.97°t 1.18i™
B: 13.9% 15.7%v 15.8™v 0.84! 0.85' 0.86%
S4 B: 15.45V 4.1 14.8"v 0.924t 0.88%t 0.939*
B3 15w 16.67Y 17.7% 0.88% 1.03 1.08™4
B4 14.8" 7™ 16.7°" 0.88" 0.89% 0.949
LSDo.os 2.49 0.17

pl55 )15 (g sloo3S 2,215 pac o35 4:Ba 5 By B2 Bre)¥se (Lo 1Y g Ar Frig500 Jlocl pac i 4184 5 S5 52 S
Sl Bhsle pae 35 4 P39 Po Prdl j58e 0 )8 g S L 5 oligagdges L 10 595e pls 00,5 g SLgMS 5 (uligagog

i Vg oo Vg 0 /0
Q5,5 oo b o)l ime (gylel BB yats j2 50 S e g > b sla  Sile

S1, S2, Ss, and Ss indicate no salinity, 40, 80 and 120 mM salinity, respectively; B1, B2, B3, and B4 indicate no biofertilizer,
both application Psedomunas and Flavobacterim, both application of mycorrhiza with Psedomunas and
Flavobacterim, application of mycorrhiza, respectively; Pi, P2 and P3; no foliar application, application 0.5 and 1 mM

of putrescine, respectively.

Means with similar letters in each column are not significantly different
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Table 4. Mean comparisons of the effects of salinity, biofertilizers and putrescine on 100-grain weight of wheat

(p55) I8 wo (339
100-grain weight (g)

0 mM (control) 4.69*

S29 Tobuw 40 mM 4.42°
(Salinity levels) 80 mM 4.12¢
120 mM 3.81¢

LSD o.05 0.08
s laogS (S ) 395 0,8 pas 4.15¢

No biofertilizer
(Bio-fertilizers)

P9 S g (ligosgms plgs o 0,18 429

Combined use of Psedomunas and Flavobacterim
PSS g wlgosgm b 132 )55 plg5 3,15 4370
Combined use of mycorrhiza with Pseudomonas and Flavobacterium '

1322950 8 2,18 4.04b
Mycorrhiza application )
LSDo.0s 0.08
no foliar application ol Jolxo pus 4.0
Geerin dsle g 5 M putrescine O yigy Yge shea +/0 426"
(Putrescine)
1 mM putrescine RUSHIA PURSY PR Wy 4328
LSDo.0s 0.07

0505 o b g1 e (5,lel M (g 1 45 S itie By, b sl uSils
In each columnm means followed by the same letter(s) are not significantly different
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Table 5. Means comparison of the effect of salinity, biofertilizers and putrescine on MDA and H:0: of wheat

(MDA) A.:j..\ﬂéé og.lla

(H202) ¢35 008 sy

Sy e o 085 (umol. g'' FW) (umol. g' FW)
Salinity Biofertilizers Py P2 Ps3 Py P2 Ps3
Bi 0.32°0 0.311°°  0.266"" 3.76'» 3.7m4 3.52n"
Si B: 0.279p 0.303° 0.238%" 3.13™ 3.38p 2.79%
B3 0.283p" 0.298r4 0.231* 3.224¢ 3.17 2.7¢
B4 0.311°° 0.275°T  0.307°° 3.52n" 3su 2.78"
B: 0.445Mm  0.447" ™ (.367% 4.46¢ 4310k 4,15t
Sz B2 0.367°" 0.434m  (.434-m 3.9k 4.241 3.59"
B3 0.391™» 0.391 0311 3.9k 3.76" 3.26"
B4 0.398 0.367°  0.395" 4.22H 3.470-s 3.440
B: 0.557¢ 0.5414f  0.5414f 5.37° 5.3¢ 4.99¢f
Ss B2 0.495¢% 0.4865  0.455Mk 4.98¢°f 4.95¢¢ 4,630
B3 0.428" 0.419%n 0.4+ 4.4 4.38hk 4.05kn
B4 0.501¢" 0.435n 0.473%k 4.4hk 4.79%h 4.33hk
B: 0.638* 0.583*4  (0.625% 7.28° 6.43%¢ 78b
S4 B2 0.626%° 0.494%1  0.486% 6.69% 6.39%¢ 5.944
B; 0.615%  0.531%t  (.4830 6.64% 6.53b 5.38°
B4 0.576¢  0.565>¢  0.555°¢ 6.79*¢ 6.85%¢ 6.71%
LSD o.05 0.063 0.51

oligegdgus algi 3315 (i) b3S 3 )15 i o 5 B4 g B3 B2 Bl Yoo Lo VY gA- Fr (508 Jlael pac o5 5 4384 55382 S
Voo oo Vg 210 2,25 (8l Jslne pae 5 4 P3 g P2 Pl )5800 015 2 1SLgNS 5 Guligogages b 15255 ol 0,15 32 25Tbgdld 5

O P9

Syl e b gyl pixe Ls)l.nvl WS gt 2 50 S jie By, b sl (.Sl
S1, Sz, S3, and S4 indicate no salinity, 40, 80 and 120 mM salinity, respectively; Bi, B2, B3, and B4 indicate no biofertilizer,
both application Psedomunas and Flavobacterim, both application of mycorrhiza with Psedomunas and Flavobacterim,
application of mycorrhiza, respectively; Pi, P> and P3; no foliar application, application 0.5 and 1 mM of putrescine,

respectively.

Means with similar letters in each column are not significantly different
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