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Extended abstract

Introduction

Water limitation is one of the most important environmental factors in reducing the growth and yield of
wheat due to producing reactive oxygen species and reducing membrane stability (El-Tayeb, 2006).
Several strategies have been suggested in order to improve grain yield of wheat under water limitation
condition, among them use of bio fertilizers and putrescine play a key role in yield improvement. PGPR
and Mycorrhiza fungi have the potential to modulate and regulate the physiological and biochemical
responses of plants against drought stress, and for this reason, they increase plant survival under
environmental conditions (Marasco et al., 2012). Polyamines are another compound that play a
significant protective role in plants when environmental stress occurs (Hadi et al., 2016). Foliar of
putrescine is able to improve the resistance of plants in oxidative stress and by increasing the activity of
antioxidant enzymes, it increases the resistance of plants against oxidative stress (Groppa et al., 2001).
A better understanding of physiological responses under water limitation condition may help in
programs which the objective is to improve yield of wheat. During the course of these stresses, active
solute accumulation of compatible solutes such as proline and the activities CAT, POD and PPO enzymes
are claimed to be an effective stress tolerance mechanism. Therefore, the aim of this study was to
evaluate the effects of bio fertilizers and putrescine on some the physiological and biochemical responses
(i.e., antioxidant enzyme activity, soluble sugars, proline, malondialdehyde (MDA) and hydrogen
peroxide (H-0-) content) of wheat under water limitation.

Materials and methods

A factorial experiment was conducted based on randomized complete block design with three
replications at the research farm, faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili during 2018-2019. Factors experiment were included irrigation at three levels (full irrigation as
control, irrigation withholding in 50% of heading stage and irrigation withholding in 50% booting stage
as moderate and severe water limitation respectively) and bio fertilizers at four levels [no bio fertilizer,
both application of Psedomunas Putida Strain 186 and Flavobacterim Spp, both application of
Mycorrhiza with Psedomunas and Flavobacterim, application of Mycorrhiza], and putrescine foliar
application in three levels (foliar application with water as control and foliar application 0.5 and 1 mM
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of putrescine). Psedomunas putida strain 186 and Flavobacterim spp were isolated from the
rhizospheres of wheat by Research Institute of Soil and Water, Tehran, Iran. 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 1x107 colony
forming units (CFU). Mycorrhiza fungi (Glomus intraradices) was purchased from the Zist Fanavar
Turan institute. The activity of antioxidant enzymes (catalase, peroxidase and polyphenol oxidase) was
measured by Sudhakar et al. (2001) method, soluble sugar content by Dubios et al. (1956) method,
measurement of malondialdehyde (MDA) by Stewart and Bewley, (1980) and method of Alexieva et al,
(2001) was used to measure the hydrogen peroxide. Proline content was measured by Bates et al. (1973)
method. Analysis of variance and mean comparisons were performed using SAS9.1 computer software
packages. The main effects and interactions were tested using the least significant difference (LSD) test
at the 0.05 probability level.

Results and discussion

Application of both Mycorrhiza with Pseudomonas and Flavobacterium and putrescine foliar
application under severe water limitation conditions (irrigation withholding in booting) increased the
activity of polyphenol oxidase, peroxidase and catalase enzymes. The highest activity of these enzymes
were obtained in irrigation withholding in booting stage with application of both Mycorrhiza with
Pseudomonas and Flavobacterium and foliar application of 1 mM putrescine and the lowest of values
were obtained in full irrigation and no application of bio fertilizers and no putrescine foliar application.
The highest rates of proline and soluble sugar were observed under irrigation withholding in heading
with the both application of biofertilizers and putrescine and the lowest of them were observed in full
irrigation, no application of biofertilizers and no foliar putrescine. Water limitation increased electrical
conductivity (EC), malondialdehyde (MDA) and hydrogen peroxide (H202) content, while application
of bio fertilizers and putrescine under water limitation conditions decreased electrical conductivity,
malondialdehyde and hydrogen peroxide content. Application of Mycorrhiza with Pseudomonas and
Flavobacterium and foliar of 1 mM putrescine under severe water limitation decreased malondialdehyde
and hydrogen peroxide content about 51 and 31.72% respectively compared to no application
biofertilizers and putrescine under same water limitation level. In general, water limitation (irrigation
withholding in booting and heading) decreased grain yield compared to full irrigation. application
Pseudomonas and Flavobacterium (23.1%) and both application of Mycorrhiza with Pseudomonas and
Flavobacterium (16.6%) increased grain yield in comparison with no application of biofertilizers under
conditions of irrigation withholding in booting. Foliar application 1 mM of putrescine increased grain
yield about 8.5% in comparison with no application putrescine.

Conclusion
It seems that application of bio fertilizers and putrescine can increase grain yield of wheat under water

limitation conditions due to improving physiological and biochemical trait.
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Table 1. Atmospheric parameters during the period of wheat growth (Source; Ardabil Meteorology Department)

bl gl oyl o0 ot Il @ R T R S Y .
Parameters climatic  Oct Nov Dec Jan  Feb Mar Apr May Jun Jul Aug
Tk 9 35.8 32.9 28.4 59.7 25.9 40 29.5 13 0.1 0
Rainfall(mm)
€O Los ibee 14.1 7.6 5.7 1.8 2.7 4.1 8 12.4 17.6 18.8 19.7
Temperature mean
eélollocsr 1934 1223 101 1835 1726 1736 163 2581 2877 366 3141
Sunny hours
(%) (o gy banogio
76 81 79 68 72 71 73 63 58 62 61

Relative humidity
mean

inlojl as )50 S o loorns 9 (S 5 Slaseiun Y Jguxr

Table 2. Physical and Chemical Characteristics of experimental farm soil

<l Ebidlolas ol o G ol
pH  Texture EC SP Lime Clay Silt Sand J'&» N P K Zn
dS.m’! () e mg kg -——--
7.8 Loam 2.3 49 14.4 23 42 35 062 0.06 829 202 1.8
Table 3. Irrigation Date okl g 6. Jeus
AARAZRVVARY YYWAA/ VYA \WYAM-YNF V\YAA/-YIYA \WAAYNY \YAA/-YIYA
2018 Nov 10 2019 Apr 17 2019 May 4 2019 May 18 2019 Jun 2 2019 Jun 18
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Table 4. Analysis of variance (Mean square) effect of water limitation, biofertilizers and putrescine on yield and some
biochemical traits of wheat

Source of @3l azyo st B8 (b lasTy M RY)
variations et gl df PPO POD CAT Proline
Replication SIS 2 54.44* 22.4* 123.16™ 0.48™
Irrigation Sl 2 3122.21% 876.06"* 4525.01* 43.95*
Bio-fertilizers (B) S ) 05 3 249.74" 85.56™ 365.29" 1.07™
Putrescine (P) Oy gy 2 286.95™ 66.79™ 522.39™ 1.58™
I*B Solel X gy 398 6 27.43" 8.41" 56.23" 0.34™
I*P Gl X gy 4 4127 10.46" 14.31" 0.22*
B*P (o, 3 985 Xy 3 g2 6 12.38" 7.43" 19.69" 0.16"
FB*P ()bl X (o 095 X G yigy 12 23.96 8.22" 6.54™ 0.16"
Error s Lo 3T oLl 70 12.08 3.29 24.22 0.07
CV (%) (1) &l s <y 6.01 5.74 3.54 7.24
Table 4. Continued alsl.f J gus
Golgamys | Joke asl—b S 2 als o Shos
Source of df Soluble sl o 039y Grain
variations i gl sugars MDA H:20: yield
Replication S 2 19.07* 0.006™* 0.15m™ 54505.99*
Irrigation ™) 2 1091.29" 0.39" 62.57" 537940.97"
Bio-fertilizers (B) S ) 095 3 132.48™ 0.048™ 2.4™ 188452.2™
Putrescine (P) ey ey 2 182.4™ 0.025™ 233" 21509.57"
I*B Golel X Sy 3g8 6 31.83™ 0.006™ 0.5™ 15704.62"
I*p Gl X iy 4 23.55™ 0.003" 0.24" 1066.19™
B*P ) 095 Xy i g9 6 15.98" 0.002" 0.2" 1260.09™
I*B*P Sl X (Fm 095 X (oam gy 12 11.16 0.002™ 0.18" 1297.92ns
Error s Lo 3T ot 70 5.72 0.001 0.08 5790.02
CV (%) (1) & gk g a0 5.87 7.02 5.73 12.84

Ao S g iy Jliol mhaw )0 e s g o giee je oS5 A NS i
* ** and ns: Significant at 5% and 1% respectively and non- significant
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Fig 1. Effect of biofertilizers on electrical conductivity of wheat in
different sampling stages under Irrigation withholding in booting
+ no foliar application (a), Irrigation withholding in booting + 0.5
mM putrescine (b), Irrigation withholding in booting + 1 mM
putrescine (c), Irrigation withholding in heading + no foliar
application (d), Irrigation withholding in heading + 0.5 mM
putrescine (e), Irrigation withholding in heading + 1 mM
putrescine (f), Full irrigation + no foliar application (g), Full
irrigation + 0.5 mM putrescine (h), and Full irrigation + 1 mM
putrescine (i).
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Psedomunas and Flavobacterim

---@--- Mycorrhiza 17258550 3 32)

J1 50 50 puiS (Ko Il ol 3 s o35S 8yl i) S
P+ Sl Ao o 50 GHlyl @S Lulpd )0 (6,0 paiges ilise
1D bl e + ] Al ya 55 kel oS (8) (o3l Jslne
ol dglre + Sl Al ye 50 (5lel @b (b) s gy Y ga shoo
~Jslro pus + ool 55 (5ll @l (€) (s iy Y g0 shro K
Myoishen 16 il Jgbne + Gasali 5 ol o o) ik
Wyoishon Ko o2l Jplna + a5 el a5 (©) pam i,
b o T (@) tbsbre pa + JelS Gl D) pam i,
il dsbre + Jal5 (5,7 5 () am iy Ysoislan +/8 (o Jalone
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oS (S SN i s gy 9 (gt ) SB35« D900 1 (rRilie Aulio B Jgur
Table 5. Means comparison of the effect of water limitation, biofertilizers and putrescine on electrical

conductivity of wheat

Gl S 5 (S 5 g 39,5) (S Calan (510 paiges Jolp0

Treatments Sampling stages electrical conductivity (Day after planting)

combination 208 212 216 220 224 228
LixB1xP1 73.832 88.33* 99.6° 112.432 148.632 171.12
I1xB2xP1 69.03%° 83.03%d 88.33%¢ 100.9*4 139.432d 150.13°
11xB3xP1 67.73h 81.33xf 86.73%" 97.76" 133.43%h 140.6>F
I1xBaxP1 67.76>0 824 84.03¢ 98.4%¢ 135.5%¢ 143.260¢
Ii1xB1xP2 70.0P 86.43% 97.33% 110.23% 14442 167.832
I1xB2xP2 67.93b¢ 81.43+f 91.26%4 98>t 135.83+f 147.4°
11xB3xP2 66.13¢k 82.93d 83.26%k 93.53¢h 137.83%4 145.16°
I1xBaxP2 68.16>F 79.43b 85.2¢h 95.13¢¢ 136.53%¢ 133,14
11xB1xP3 69.66" 84.46*¢ 94.5%¢ 105.13%¢ 142.23%¢ 161.632
LixB2xP3 64.7tm 80.032h 84.9¢1 92.56°" 132.46%h 136.36%8
11xB3xP3 63.43 79.16% 82.16%* 92.8¢h 129.2% 134.36¢h
LixB4xP3 65.03f1 79.76%" 83.73¢7 93.3¢h 127.261 136.13¢8
12xBi1xP1 69.204 82.03%¢ 85.63¢ 91.66¢h 126.2¢% 149.73%
12xB2xP1 66.065k 76.96°% 82.634k 87.191 117.3hn 140.03>f
12xB3xP1 65.86% 76.1e™ 82.9°k 84.9¢h 120.26°™ 130.76%%
I2xBaxP1 66.33%% 77.23¢k 80.934 86.66%" 117.23hn 134.3¢h
12xB1xP2 67.501 80.9%¢ 82.06%* 87.36%h 128.26% 143b-
12xB2xP2 65.26¢! 76.46¢ 81.14k 83.8M 117.8m 132.1¢4
12xB3xP2 64.238™ 75.034m 80.664% 86.16°h 109.6%° 129.33f1
I2xBaxP2 65.66%! 75.53¢m 75.46%% 82.7¢h 1115 128.13¢!
12xB1xP3 67.26% 79.5%h 80.86%% 86.8341 123.66%! 142.93b-
12xB2xP3 63.16" 74.1em™ 78.26¢* 82.26% 112%° 128.2¢1
12xB3xP3 64.0mn 73.23fm 76.56f% 81.66¢" 111.937 122.8n
12xBaxP3 64.1m 74.94-m 76.73¢* 82.66¢" 108.93k-° 126.338™
I3xB1xP1 68.33f 77.73% 80.69k 88.66°h 118.18™ 1344h
13xB2xP1 62.1%° 73.46°™ 79.6%k 84.9¢h 108.93k° 125.13h-m
I3xB3xP1 64.6™ 72.1b-m 75.9%k 83.83fh 111.66-° 121.76-°
13xBaxP1 64.03" 72.4¢m 76.3k 83.23¢h 107.63"° 120.13k
I3xB1xP2 66.6%7 75.364m 77.7¢k 86.16°" 118.36fm 129.23f1
13<B2xP2 63.8n 70im 72.037k 84¢h 108.73k° 125.738™
I3xB3xP2 64.268™ 70.8™ 73.36"% 81.76¢" 109.53k° 116.76™°
I3xBaxP2 62.63k° 68.2Im 75.6k 82.53¢h 103.93m° 111.73°
I3xB1xP3 65.841 75.164m 76.53Fk 85.965h 114.93° 132.66%
I3xB2xP3 59.13° 68.7km 74.268% 80.7¢" 101.5" 118.66°
13xB3xP3 61.06™° 67.6™ 71.8% 79.9 99.3° 114re
I3xBaxP3 60.73"° 69.03km 73.73k 80.63" 103.56™° 116.56™°
LSD 0.05 3.82 8.65 11.7 14.48 17.5 10.96

sS85 pae i 4:Ba 5 B3 Ba Bi ¢ JalS 5,lol g moaliw ;o )lal adad o ol jo sylol gl cs s 4 ds g i
pag s 4 P35 P2 P1 g )5Se 018 s LM 5 wligasags b f2)5See 0I5 s AL 5 ligagagus ol 015« st

i Ysasho Vg 010 20,5 ¢ Sk Joloe

85,05 o b gl e (6 )Ll M (g o 10 S e By b slonSilee
I1, I2 and I3; irrigation withholding in booting, irrigation withholding in heading and full irrigation, respectively; Bi,
Bz, B3 and Bas; 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

o ods oless YFYNY) O yg Yee do S
i 5 4) polie Cnl (nyieS g (4RSS 2 (e £ )59 S
A5 9,500 o i Olss YYE/VA 5 VYTV AYARY
=355 305 pas (JulS glal > jo (aiBs p (ptign
Jdsaz) 0b ol e gy (BL slome poe 5 (s sla

S &S ol ol Lol Slpl 5 Sle anslie

‘u_;.';.,...q'l a> e 4o LS)L.‘.“."‘ adad Loyl 5 50 (4830 5 (uSg
VEYT20) pon LMo 5 (wbigagagms b 2)95e plgs 0 )18
sl 9 (a88s (e 055,500 4o iz Ol s
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VEY lie; OF als o ol psle o lame sla i

aYA

ol 3l S el il 6 oyt SIS alS (gl
ol ST T glayT codled 3l 55k
Lyl s o cldbd il58l opl as (Ebrahimi et al., 2010)
g & GbLS e Joi crge gl Covgame

.(Ahmad and Prasad, 2012) 543 o oo

ety 055 3 &)l ol (55lesd S 5 Sl (rizeen (£
Ry ahad Lyl o WG o] codlad a5 ols olis
p3 S Lo § (ligagdgw b 52,05 plss 05 L (s
VVIY (5 slo09S 3 )15 e g ol (6 ,Lol b anlio o
‘59.1...790 s,k ld (Y Jgux) b iuliélas o

S il 5 Shos 9 YIS o 3T Cddlad 1 (o gy 9 (o) 28 (ot Cudgamo (ool ST (1nSileo Ay lio F Jgur
Table 6. Mean comparisons of the effects of water limitation, biofertilizers and putrescine on catalase enzymes activity

and grain yield of wheat

Yol ails o ySlos
Treatments Ly low CAT (Grain yield)
2 eBan p5 950 )0 @i Sl
PERN) g m?
(OD pg protein.min™)
el o gyl oS 150.85° 453.3¢
Irrigation withholding in booting
ool gl T st ok S aall 137.745 641,240
.. Irrigation withholding in heading
Irrigation levels 5 elo]
o Jol5 st 128.54¢ 682.68°
Full irrigation
LSD 0.0 2.31 35.77
e opliens 134.21¢ 489,554
No application bio fertilizer
P9 rSbgds g wligesgu plgi o)l . .
Co-application Psedomunas and 140.13 686.42
ogs Flavobacterim
P PSS 5 ligedg b 315950 el 00,15 . .
10 1ertilizers — co-application of Mycorrhiza with 143.05 624.04
Psedomunas and Flavobacterim
S o550 0258 138.78° 569.61¢
Mycorrhiza application
LSD o.05 2.67 41.3
_ o &l Jobro pas 134.78" 569.33b
iz no foliar application
u-"“"’)"}’ - 5']L".L° Oy o) )yf“ GL"" 1o 140.222 589.873b
foliar application . : .
P . 0.5 mM putrescine
utrescine i )
o omin e e 142,122 618.02¢
1 mM putrescine
LSD o.05 2.31 35.77

W5 o L (gl sime (s5lel BB gt s 30 S i By o L (slaSibes

In each column means followed by the same letter(s) are not significantly different.

Cadgase iml38l b azmig oLS o (Kurdler et al., 2014

Slampl codld Gl s e op)l5 5 (S
w‘ ol Lf)‘)f )yLalS 9 )L)..»..M.s‘).:

Ssdzo slodld g g o
9 odan Slyome i a5 ol HLiS o, Sike anlae
5039 £S5 2 pSeSee OI0F iy a) Joloe slanid
ehd byl 0 (Sp Sos9p)S eSS ke 00NF 35,

o yies (Bbadi et al, 2019) o, Ken 5 gole

oSl GlacasT b L oY slag Bl culed
5 195 plsi )l 0 ) Jslowe 03 5 g (slyiona
9 Loyy Slidiod 05 (555 s Ll ol Skl
3,8 oy olas (Verma and Mishra, 2005) 1,z
Collbd Gl cage (A5 oS GLLS 0 e n
Sgbgo VB 3] alexjl oS SlowS ] 5T e
Yousefi) o,Sen 5 Jo,5 chwg laws 5 spoliee gl
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va S plendin 9 (Siglp i Slhe (B g e g g S jsesS 55U 1ol Ses g bl decme s

B ol Casgazme (Byme 0 HlalS oS Slej sy e L
o I8 S 5 ol slowid 5 sy ke (S o0
Jo 4 (o 2 Sodgend lyier Gdgn @eas by b
oLS o 398 g0 w290 1 JisSTy (g ol Jonnily als
5 dges, (Maiti et al., 2002) wb il38l 25 ply 0
oo, (Raymond and Smimoff, 2002) Ggerons
e oty 28 LS 3 dey S2S 5 45 i S
o8l aals sl jled b anslie jo 1) sy slime (5l

ls

L esSee el 0 lS b moals dose o (sl
oo So 2hdslne 5 p5SLME 5 (uligagoges
2S5 9See YIVY i @) polie (nl (p 2S5 (s igy
PS50 e eSSk YVIVY 5 Sp 505 5
Om s 5 Sy S5 5l pae (ol (g Lol Ll
Gl e 8 solie s (A Jgan) dal Cews 4
Lulpd o (s laogS )5 sl (g p slyione
Kheirizadeh) | San g ooljs s bawy o] Cosgame
@ Cowl odds )55 Az, 5, (Arough et al., 2016

3 Sdos g VUL o 3T Codlad 1 (s 5 SO 3 65l (5o e 5 5T (uRilso gl ¥ g

p»\f Al

Table 7. Means comparison the effects of treatment compound irrigation and
biofertilizers on catalase enzymes activity and grain yield of wheat

Sobowd S )7 Byitts ails o ySlos
Treatments combination CAT Grain yield
(4835 2 o9 £59,50 S @i Sl esd) g m?
OD pg protein.min’!

B: 145.95° 403.42¢

L B2 149.85° 496.84

B3 158.422 470.65%

B4 149.17° 442319

B: 132.85¢ 529.35¢

L B2 139.05°¢ 762.83*

B3 139.12°¢ 655.08°

B4 139.94¢ 617.71°

B 123.83f 535.88¢

Is B: 131.48% 799.64*

B3 131.61% 746.38*

B4 127.24¢f 648.81°

LSD 0.0 5.28 66.58

pac i 4:Ba 5 B3 Ba Bi ¢ ul5 gLl 5 cavalin ;o )lol alad (] o sl adad s a3 s o o
5205500 0218 @3 S 5 aligesages b 329500 )15 o5y SLsNS 5 (uligegdgms oI55 2,08 sty sl )18
0,5 02 b (5,0 e (5 lel BT gt o 10 S i g b sloSiks

Ii, I and I5; irrigation withholding in booting, irrigation withholding in heading and full

irrigation respectively; Bi, B2, B3 and Ba; no biofertilizer, both application Psedomunas and
Flavobacterim, both application of Mycorrhiza with Psedomunas and Flavobacterim,

application of Mycorrhiza, respectively.

Means with similar letters in each column are not significantly different

and )
Oeyen b ele gycnlyl .(Mehdizadeh, 2014
ol caledys s Gedsn Ol GRIB1 g s s
ool sy sl 005 o5 )3 Jslome ol gy S elans
03,5 Jos ol (oS dats aiile oL o L3 s jo
Foogm bbb Siglse sleanld Sn 0
51 .(Mahgoub et al. 2011) w)ls 2o ol ,ueg,S

Kianmehr asl  wle jele o g

GRIFIL A Laulh s e b (AL sl (B

oS 0,5 o pdsn Glgime Glall I sis

ol o bjles cnl Sl ey Glgioe ) Gemiigy 9 (S
o S ol oy s A Jg92) S Jolme slaais
S8 b g cnlil el DlebilS (dg  ads (o s
Wbse il Sllisls adgs Gliee (Jolone sloaid o
Faoeelly (stlem (285 Jodo 4 Wlgs oo 5 Ll 5o
Fragid Lao s it 50 30 slawm T 5 lacnts
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VEY lie; OF als o ol psle o lame sla i

A

e B slxe 5 pamsie) 9 5255 b L3l el 00,15
i ]y a8l 5 Sy Jslre sboaid e Sy Yoo dee
ot ) SB0gS 5 IS pae 4y Coend a0 FI/AY 4 YYV/AY
F Sl ol po s llyd o e Sy 00 o

ol ioldl glades

5 9959 gpe slasl slae ATPase oyl colls
Ol 995050 ez se (ST sl ) 5,51 5505k Gl
o8l A b asylsy Sz yo 1) Sy 0 cadansle w8
5 st ypidaw Loy pl o (Marschner, 1995) aas
aS Ws,S s,l¥ (Seyed Sharifi et al., 2020) Ko

a1 s o 35T Cadlad o 59 9 (o) SB35 (T Cudguzo (g ylod S 5 P (aSilo A lo A Jgu

P 30 jlasmS Ty g

Table 8. Means comparison of the effect of water limitation, biofertilizers and putrescine on polyphenol

oxidase and peroxidase enzymes activity of wheat

Slowwst B8 L oSy
- (4833 p 5egn p55 3,500 55 i Sliesd) (4885 (ign 059,500 o i D)
k! sy 995 PPO POD
Irrigation  biofertilizer (OD pg protein.min’!) (OD pg protein.min!)
P1 P2 P3 P P> P3
B 59.37¢h  61.45¢  66.11%¢ 32.86% 33.11¢ 33.92¢¢
I B: 62.2¢f 66.3254 68.48° 37.27%¢ 39.56%¢ 39.98%
B3 64.625¢ 69.5% 75.12% 36.07¢1 38.78%d 41.38*
B4 61.39¢¢ 68.59° 66.0354 33.74% 38.85%d 36.52¢f
B1 52.4-m 52.69+ 5531k 27.33n 28.61+ 31.99¢h
I B: 55.610k 60.74h 66.59% 31.28¢ 28.1im 33.95¢¢
B3 55.83¢1 66.65% 67.91° 28.341 34.23¢¢ 36.86°¢
B4 61.78%f  58.15M 66.54% 29.98h 29.92Mi 30.1M
B: 44.2° 45,14 44.73m 25.12" 25.29mn 25.42Mn
Iz B: 4939k 4736 5142 25.88kn 28.221m 27.93n
Bs 49,98k 44.56™ 52.81+ 27.581" 28.54Hk 28.921
B4 45.52"  46.81™°  48.64"° 27.26im 25.93kn 28.41H
LSD o.05 5.66 2.95

(s B35S 85 pae iy 4 Ba g Bs Ba Bi ¢ alS g )le] g el o o)lol adad o il s gylol abd cs g a3 g o o
S5 Bl slme pos i i P3 g Po Presy 580 0 )15 s 2SUMS 5 (oligegages L 52,550 9,1)l5 e pTLdld 5 (uligegages pls 018

O isy Vgaskee Vg 010

B o b (5l s5lel BB gty 50 S e B> b (slacnSibes
I, I and Is; irrigation withholding in booting, irrigation withholding in heading and full irrigation respectively;
B1, B2, Bs and Bs; 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

P i s Su LB ske 5 s SLE
S dslxe pas 5 G GlaogS )15 pas b avalie
Lzbs (o)A Jguz) ol lis ials aoyo OV gy
Cdlhe ladgs 5 Sale ol jo laame s sloasl
! oi5 bl o (Seyed Sharifi et al., 2020) sl
ez b Conl e S 5 j0 asallge elle ol clale
Ol odsmonlis 4 abb ol ea LS o HxOs ol
Gill and Tuteja, ) cwl olic gload amlonsTy,
a5l oyale (gls o peails oL cyzgll (2010
S sy oati il wals LS & Cuus s
ROS qedgilio 10 05250 3 £55 90,0 cdlos onsmoylid

il g0 yallo
Ole Ol 52Vl 5eSiles dlie Jgoz mlbs ulul
Sosd 2 (S 5055 05 2 dsessSes IPVD) wsalgs
poe 5 Sty 055 35 pas il )0 skl ol
IYTV) T e e s s b SBhdsle
b JolS oolol bl @ (Sp 5od o5 2 JoegsSee
-Jolone 5 oo S 5 uliegoges b 52,950 plgs 018
2 A Jse) v Blate e Ysedee Su AL
(! o )l abd) )lol wad Cosgaze Lyl

lgasdges b )58 plsi 225 L asilliss pglle o5
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Table 9. Means comparison of the effect of water limitation, biofertilizers and putrescine on Proline, Soluble sugars,

MDA and HzO: of wheat.
sl s 355 (Sy 7 039055 2p595) gy (Sy 5 039 psS 2 psShe) Joloro 0id
Irriga"t.ion biofelrtilizer Prol]ine Soluble ]sugars
(pg.g”' FW) (mg.g”" FW)
Pi Py P; Pr Py P;
Bi 3.46 3.54v 3.69M 38.62"1_ 38.98"‘_ 41.08¢1
Ii B: 3.91f.'.l 4.184¢ 4.26F 40.73¢" 42.424i 45.44v4
B3 3.49Y 4.1 9‘1'{5 4.46%¢ 38.81"_1 44 3dh 48.28
Bs 4.14%¢ 3.828) 4.12¢h 42,54 45.19>¢  44.53¢°¢
Bi 4.3f 436" 4.68 39.95“f 40.52M 41.49%
I B: 4.37b 4.39b-¢ 5.512 41.57%  44.28%h 54.14*
B; 4.66" 5.422 5.542 45.35"_‘_e 48.89% 55.16*
Bs 4.14%¢ 4.76° 4.6>4d 40.29Y 44.68<f  44.41ch
B1 2.33k 2.47% 2.55k 32210 33.39mn 34.06m"
Iz B: 2.71k 2.7% 2.67% 36.3km 34.49™  36.44im
B; 2.42k 2.45% 2.76X 35.48n 33.83™  36.44m
B. 2.43k 2.47% 2.57% 32.39" 33.]mn 36.04"
LSDo.os 0.44 3.89
Table 9. Continued alal A Jgus
i 595 wllgs pglle 5900 S 5y
“?’l”*_‘ ) (S 5039 p05 2 Jg09,500) (S5 5039 p55 2 Jg09,50e)
Irrigation  pjofertili MDA H20:
zer (umol. g'' FW) (umol. g FW)
Py P P3 Py P> P3
B1 0.675% 0.666° 0.653f"b 7.35*  6.83d 7.312
I B: 0.623%¢ 0.5544¢ 0.471_“1 6.574  6.72¢ 5.67°
B3 0.591¢° 0.535%h  0.447im 6.37¢ 6.49¢ 5.58¢f
B4 0.61°¢ 0.57¢f  0.608>4 6.9%¢ 6.88%¢ 6.71¢4
B1 0.55¢¢ 0.5245  0.481M 5.74¢ 5.51¢f 5.13fg_
I B: 0.511&1 0.426"  0.421n 5.68° 4.99?‘ 4.82¢1
Bs 0.4m™° 0.38™1  0.389™ 4.75¢1  4.55Y 4.45f'k
B4 0.494"4 0.43kn 0.475" 5.48f  4.58M 4.48%
B 0.408™°  (0.395m™P (.391™4 4.25H 4.1 4.11m™
Iz B: 0.359°9  0.402™°  (0.342r9 4.02kn 4.21_1"1 3.76""
B3 0.38™d 0.384™  (0.3374 4.011“‘n 4.14m 3.57"
B4 0.399™°  (.384™9  (.344r9 4.1771 393k 3.66™
LSD o.05 0.054 0.48

slessS 05 pae i 4:Ba 3 B3 Ba B ol 5Ll 5 mvalos ;o gkl adad (il )5 gl alad s s a3 g di
pag 5 4 P39 P2 Pltyy 50 5 )15 (32 2STbgdl6 5 Guligagages b 52)55n 32,15 o3z iSbgdle 5 uligagages plss )18 gt
e Ygashee Vgt 10 3 )5 ¢ LA Jsloe
W5 o L (gl sime (s5lel BB gt o 30 S i By o L (slanSibee
Ii, I> and Is; irrigation withholding in booting, irrigation withholding in heading and full irrigation
respectively; Bi, B2, B3 and B4; 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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2 el gld balps o (myeye yo o5 FYIEY) ]
J9oz) o esalie (s slodsS 0 )5 pas 5 (]
oS axzsly bl (Tao et al., 2012) o, Ken ¢ 56 (Y
S5l e 515l sogam s 0l la s xS algs o8
Sl 5 0 6 peFsle 15 Lyl e ST sl
Baes ol 0gmeS Lyl i ) 6,551 i cows o Shoe e
Do bgrpe Jolo o o

Behl et al.,, ) Ko 5 Joo dowss jub polie @l
AlE g0 zdli [0 puS wls o Sloe iulj8l 5 e (2003
Gy @bl el ek ()15 5Ll g 1505
(Abotalebian and Khalil, 2014) 1> 5 Ll
5 lasSele plys 0p)l8 (Sas 25 Iulps o ol ol
poe b analie )0 pomon, O3srd edS e (650
ian b g oS 5 Shae 3 ixe iall Cecl edls
o5 St paiS o Shee il Sl (i 008
Ay o, 4 (Gupta and Gupta, 2011) os  Ses
“ Syl 3 53 s gy 3l e Shee al33 Yaio!
oIl e ge a5 2Bk Jolone slaaid g (g n wile ol
ol do 008 Gl cas 5 5 oS (el Jomily
el oo s aelal Lyl

i G S 4
Gl Hlas laas> o P ‘511 Cudgisme b ag>lge b olS
0O Vb oS amd o0 plodl Jolone laaid 5 (s alea |
0SS ol sla ol 5,55 Lad i g (gjeml Lid
5 SIS sl olld (aly iz 55 w8
b ol 9 (s s slaogS (65 54 L g b oo Ll
pAs g () SLoO5S 05 pae b dglie )0 (e o
Codlad wals coge daylpl (pl )0 e Fg (L Sl
5 VB 5 jlaesTy oS Jib L e glagy]
a5 ol Jolome a8 5 g Glgizme 50 (6 S il
0 ,Sdoe gt 4 g 00ged haai |y 55 5l L6 S alg e
61-“’_':»-.'.}5" cdled ol imes il SS
SBdigS @ 00 o Sl L a5 lalys o SlaesT T
A..M.ﬂ).u 9 J.:,SJ.”L;Q Q}IL@ 6‘9‘27“' J.:‘y‘;o ‘Q}:.MS‘ Jlxs
Lol ad Cosgame a5 555k amo zals | 159,000

Karimi ) | )See 5 os,5 .(Borde et al., 2012) s s
pas o 1y asallss gl olme cp YL (et al., 2014
039 £55 2 Jsedb WWIAY (i &) s Sn (8L Jolone
039 255 2 Jsestl OIOY (e a) |y ] (2S5 (036
@ V0 Chale b e gy 05 L oS gkl o (o3

53,8 515 el

I8 Sy
25 2 J909,5ee YITO) 3,000 anSTy (slyizs 0 YL
55 pas el )3 o kel alad Ll 0 (S 503
YIOV) o1 Jlade (pyeS 5 Gempin 5 ) sloogS
plg 0,5 b elS s5lel )0 (S 5059 055 2 J3esSes
oAb dslme 5 pe  SLedE g Geligegogm b jeSe
(A J392) del Cawd @ s gy Vgo oo

SeST Glgime 2ol 5l La5 a0 Sl
Sl 5l Glag 51 cdlad Gl Bl 51 b 5,0
OremST Jd slaaisS cadas L as (A gV & Jgaz) aib
O (0 Jguz g ) JS8) S (Sl colae gals
ool 00903 SIS gy STy Glpime GRalS
b oonds ol slaaigy a5 auils ly (pulione 45 ggouidy
oS 5T o 3] cdlad 5l ol ady S e slacs iSL
OoFle Soleg lie hle ;o 5 Wog 055 65V
350 omly Lol Goyies weeSTyy 5 (MDA) wsafliss
alesls ylas i lidéss (Erdogan et al., 2016)
STy 08 GlalS & e el Syl Gl oS
el oad (G0 gmlieaSTn AalS 4o 5 ()59 000
.(Verma and Mishra, 2005)
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