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Table 1- Weather conditions of the test site

. S,k s Cughy Lo Plos Lo pSlos Lo bawgio
-]
Month Precipitation Relative humidity Minimum Maximum Mean
(mm) (%) temperature (°C) temperature (°C) temperature (°C)
LT
< 53.9 56 6.1 19.9 13
November
3
’ 111.9 69.5 1.9 135 7.7
December
[
68.8 64 0.2 12.6 6.4
January
o 36 61 06 11.8 56
February
Sdw!
188.8 58 49 17.9 114
March
R 3
0209,° 39.6 61 6.3 196 13
April
.o S l
e 121 50 10.2 273 188
May
slo s
” 0.1 26 155 36.6 26
June

1 Leaf chlorophyll index (SPAD)
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Table 2- Physical and chemical properties of the soil of the test site
S Gos Sl edl ST S5 05 Fhowd oLy g ! calos
Soil Soil Organic Total N ooy B8 ooy BB pH e s
depth texture  Carbon (%) (%) P Available K Available EC
(mg.kg ) (mg.kg ) (dS/m)
0-30 (cm) o ey 0.86 0.078 4.85 367.5 7.1 0.46
Loam clay
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Table 3- Results of analysis of variance of the effects of drought stress, biofertilizer and salicylic acid on the measured traits of

wheat
lay o (12leo
Mean of squares
P a0 ) . Cald cdale &lgixo
- &l 5 ,Slos Jud s . oSy R .
Ol g sol3! _ Cadg I &l 59 ) QoW
Sy
Leaf Relative
Electrolyt Grain zi
S.0.v df Grain yield chlorophyll ectrolyte ram zm'c Peroxidas Proline water
. leakage concentration
index content
r 2 315621.21 ™ 17.49 ™ 82.44 ™ 8.07™ 0.01 4,59 " 67.57 ™
A 1 25130960.50" 25245 1478.94 " 15.58 ™ 029" 45,62 3439.34 ™
Error A 2 495753.64 5.88 49.35 4.6 0.01 1.25 27.48
B 4 2431017.19™ 5.60 ™ 38.93™ 478" 0.02™ 561" 72.69™
C 1 2344537.20™ 12.63™ 2177.00 ™ 16.22 ™ 0.04™ 59.82 ™ 465.91 ™
AxB 4 114112.34™ 0.85™ 4.89 ™ 0.19™ 0.0022 ™ 1.02"™ 1247 ™
AxC 1 610.84 ™ 0.32" 5.99 ™ 0.02 ™ 0.000004 0.12"m 19.75™
BxC 4 44645.72 ™ 191m™ 4.96 ™ 1.26 ™ 0.004 ™ 151" 9.34m™
AxBxC 4 18533.54 ™ 0.30™ 1.08™ 0.37"™ 0.006 ™ 244~ 19.20 "
Error T 36 92504.44 0.85 5.77 0.31 0.0006 0.91 6.26
C.V(%) - 8.33 2.78 3.97 2.26 3.53 4.2 3.67

el (S I8 dre e g s )3 B w0 mhaw jo o pme Dglas caims lis ui 5 4 NS g

Sl sl 23l Jslons € 5 355 arlie B o K25 5 A

ns, * and **: non-significant and significant at P<0.05 and P<0.01, respectively.
foliar application of salicylic acid :A: drought stress, B: Fertilizer sources, and C

1 ails & Shoe Sebi el ol (il oo a5 ol olizs
Skl el L (5L Jybone o & a2y 11/
(F Joaz) ol osls gl
o, lee rals .ol ails o Slae falS o (Sl 1S5
2 et Jeo el (S (Sis 255l (A e o
Collad (g i wgid slaalaSs) js Pl lals ol Ly,
sLid 5 Drzen s bsses,Slo & ol g ists
&l i Sl sai )15 .(Abdi et al., 2021) ol
Fgi Gloj Sae J1al5 L g wes oo alS ) I sisgsd
88 oo 3l ladils 4 (6 i ngid SV gamme JUinl 5 J&5
dad o (LS o A co | paS o Sles s o
P Sad il Cov o Slee uals (Zhao et al., 2020)

&> > ,Sdos
2,5 kS FYAMY (Sl L ails o ,Slas o ey oS ol ol
Lals o, Slae o eS g (Sl i pae laylyl jo LS (o
S o (Sis s byli 0 6 SelS VeV S0k
as ol s (6955 mlie d—ol 1 1 Kils aylin 09
30,8 10 6,56LS FAY/A L Sle b aslo o ,Shoe oy i
ol oy 5950lo g S 95 (s SB35S B ae JleS
s g Ll Ll 5l a8 540 slob 355 900 O+
5 Cdld pland 055 sy Vo 05 L b (g o sine
5o ,LSe )0 6,56l YAV (Sl b adls o, Slos oy S
=l ez e VY FCORYS ] PNRIYS SRV R PO



Ohed o ooy S ke

YoA

Cie il ui>eo (Farahbakhsh and Siriani, 2019)
gt gl (s3ke Slge 2095 (ael & S slo0sS
oo,l55 (Vafa et al., 2021) wilosls Cams oL g 4355 4
PENE PUNIPERNU ST TN 5 et 1 JJOUN Pec
Ofg et oauS Ctt Lo Sl wls aldl 1) ses
) QlS Lo (5955 o5y 42 (dae Slge Lz wilailys
asloa i o, Slee ol 38l s g,00) 5l e il
el o,F et ui=eo (Chaechian et al., 2022)
3,5 g oo aile o, Slas rolS o (Sis s s S
ol 00 ails 8, Shas il 58l o Sl ol
(Maghsoudi et al., 2019; Safar-Noori et al., 2018)
oS Bk 5l el Sae Sl sl el 00 Gl
@l oo 5 Of i Cdz el oSy el drgi
09-b 8 Shoe Al s I pwgzd o (lBIL g oad
s Lo o, m s (Yousefi Rad and Safa, 2021)

28 Sy ol s

Ahmadian ) cowl sas (5,135 alise laioe lawgs poss
(et al., 2021; Rani et al., 2018; Bukhari et al., 2021
9 55 L pls5 s )5 s 5 o adls o,Shas Siul3d
5 o) 055 b yd s (Kamaei et al., 2019) Sy s
Oezed (Amani et al., 2017) slews 055 oo, B+
2 sl glog B boa b midls puiS 10 0 Slos (il
Zhang et al., ) cwl oai 5,135 il pas b aslits
G e a1y posS o Shas S 355 3,,L5 (2019
S Slge S 5o Sl sarms s aS ol il gz e
5 aiay i s RlBEIL Col (e (g 955 Zul
wes als 1) Ol 0geS ite Ol ol B, —ae (590 00
Sy S s Lol S Lo 3 Shos 5 0y il
2 @l obie it peal B )3 S sladsS Uy 4

Seyed Sharifi et al., ) ailosls < S ol ja gy,

Sial38 15560 e il Cie 1 S0 (glasllae,o (2020

O lgie (gdae dlge Slion ol pal b g Ay, Qi e

PS50 axdllan 8550 Wlhio y Sodwadlo duwl g (Sws j 505 « Sl i Lol Wl P (1Kl duslio -F Jouo
Table 4- Comparison of mean of main effects of drought stress, biofertilizers and salicylic acid on studied traits in wheat

cda Sl s &Gl AP X S| . 7 i el
B e S etln ot e sl
2 )los o Electrolyte Grain zinc Peroxidas Proline  Relative water
Grainyield Leaf chlorophyll . .
Treatments . leakage concentration  (umol.min'g-  (umol.g" content
(kg.hh) index Kot
(%) (mg kg™) w) 1fw) (%)

Al 4298.30 a 35.15a 55.48 b 2512a 0.63b 21.90b 79.80 a

A2 3003.90 b 31.05b 65.41la 24.10a 0.77a 23.64a 64.65b

B4 4093.8 a 33.9a 59.58 b 25.18 ab 0.74a 23.72a 74.95a

B3 3673.6b 33.19ab 59.25b 2416 ¢ 0.73a 23.06 ab 74.20a

B2 3661.8b 32.67 bc 60.38 b 2522a 0.68b 22.52 be 71.08b

B1 3913.5ab 33.53a 59.46 b 24.72b 0.69b 22.68 bc 72.08b

BO 2913 ¢ 32.27¢c 63.58 a 23.78 ¢ 0.65c¢c 21.87¢c 68.82 c

C2 3848.81a 33.56 a 54.43 b 25.13a 0.72a 23.77a 75.01a

C1 3453.46 b 32.64 b 66.47 a 24.09 b 0.67b 21.77b 69.44 b

25,105 (P<0.05) (5 o cme B (Sils yg03] wbaol 3 aslie By, slls (slouSilee (ygim 5o 40
355 2o )0 B+ ol pordy (pnSg S B rae B2 (ol 055 do o Ve 0I5 Bl oleend 065 w0 00 0 )l8 BO (S a5 A2 ((Sas i pae Al
Al o5b Jaloe pac CL  oliards 555 2o 0 O+ ol jandy 55,80l § (S 9,55 Brae Bh ( Hlond 555 ao)0 B¢ olpeddy 5,5l Byas B3 ( Hlanss

Sl sl L8 Jaloes :C2 (Sl b

Means with at least a common letter are not significantly different according to Duncan's multiple range test (p<0.05).

Al: (without drought stress), A2: (drought stress), BO: (use of 50% chemical fertilizer), B1 :( use of 100% chemical fertilizer), B2: (use of
nitroxin biofertilizer with 50% Chemical fertilizer), B3: (use of mycorrhizal with 50% chemical fertilizer), B4: (use of biofertilizers nitroxin
and mycorrhiza with 50% chemical fertilizer), C1: (no foliar application of salicylic acid), C2: (Foliar application of 1 mM salicylic acid)
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Table 5- Comparison of the mean of interactions of drought stress x biofertilizers x salicylic acid on studied traits in wheat

e STy,
Treatments Peroxidas(umol.min “'g-'fw)

ABC: 048
AB.C, 0.64 ef
A.B,C, 0.63 ef
AB.C; 0.65 ef
A.B,C,y 061f
AB.C, 0.64 ef
A.B;C,y 0.64 ef
AB3C, 0.66 d-f
AB.Cy 0.64 ef
A1B,C, 0.68 c-e
AB,Cy 0.72 b-d
A:BC, 0.75b
A;B,Cy 0.74 bc
A:B.C; 0.75b
A;B,Cy 0.74 bc
A;B,C, 0.75b
A;B;Cy 0.75b
A;B5C, 0.86a
A;B,Cy 0.75b
A;B.C, 0.87a

BT @ o lgize
Proline (umol.g™'fw) Relative water content (%)
18.77¢g 76.32b
22.46 c-e 79.85b
21.25¢ef 77.59b
22.86 b-e 79.98b
2091 f 77.51b
22.68 b-e 79.73b
21.86 d-f 78.16b
22.98 b-e 85.26 a
21.93 d-f 78.34b
23.27 b-d 85.23 a
22.25c-e 53.05¢g
23.98 bc 66.05 c-e
22.53 c-e 62.67 ef
24.09 bc 68.08 cd
22.63 b-e 60.47 f
23.87 bc 66.59 c-e
22.90 b-e 64.87 d-f
24.49b 68.50 cd
22.69 b-e 65.41 de
26.99 a 70.83 ¢

35505 (P<0.05) (g,ls sime B (Sls yge3T wlasl 3 aslie Bgy slyls (slopSilo (ygim o 40
Ao, B ol yardy fnSs i Brae B2 Hland 355 doyo Ve 58 Bl oleend 065 o p0 B 0,15 B0 Sis i A2 (S a5 pae AL
b sl pas (€L pliond 355 oy B¢ ol jerdy 53,50k § (ST is B pas BA (Glord 955 o )0 B ol jaddy 5 ,6Sile B rae B3 Gland 055

Sl sl L8 Jgloxe €2 (Sl ol

Means with at least a common letter are not significantly different according to Duncan's multiple range test (p<0.05).

A1l: (without drought stress), A2: (drought stress), BO: ( use of 50% chemical fertilizer), B1 :( use of 100% chemical fertilizer), B2: (use of
nitroxin biofertilizer with 50% Chemical fertilizer), B3: (use of mycorrhizal with 50% chemical fertilizer), B4: (use of biofertilizers nitroxin
and mycorrhiza with 50% chemical fertilizer), C1: (no foliar application of salicylic acid), C2: (Foliar application of 1 mM salicylic acid)
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Abstract

Introduction: Wheat (Triticum aestivum L.) is one of the most strategic crops for food, feed, and
biofuel security worldwide. Drought stress is one of the most destructive environmental stresses that
limit crop productivity worldwide. Drought stress causes a wide range of physiological changes and
disturbances in metabolic processes. Environmental problems caused by the use of chemical
fertilizers, production costs, and consumption costs are significant issues that require methods to
increase crop production and improve sufficient food for the world's population. Today, the economic
damage and destructive effects of the environment due to the excessive use of chemical fertilizers in
agriculture are known worldwide, and it is obvious that a suitable alternative must be found for these
fertilizers. Currently, biofertilizers are used as an alternative to chemical fertilizers based on the
principles of sustainable agriculture and the stress tolerance of plants. Salicylic acid is a plant growth
regulator that plays an important role in the plant protection system against biotic and abiotic stresses
and can affect many physiological and biochemical processes.

Materials and Methods: In order to investigate the effect of biological and chemical fertilizers and
foliar application of salicylic acid on wheat tolerance to drought stress experiment, a factorial split
plot in the form of a randomized complete block design in the 2019-2020 crop year in the research
farm of the Faculty of Agriculture of Lorestan University in three replications was performed. The
Main plot includes irrigation levels in two levels: Al: without stress (100% of water requirement) and
A2: drought stress (50% of water requirement) and sub-plots including fertilizer in five levels,
including BO: use of 50% chemical fertilizer, nitrogen and phosphorus fertilizer (B1: use of 100%
chemical fertilizer), B2: use of nitroxin biofertilizer with 50% chemical fertilizer, B3: use of
mycorrhizal with 50% chemical fertilizer, B4: use of biological fertilizers nitroxin and mycorrhiza
with 50% chemical fertilizer, and foliar application treatment at two levels (C1: foliar application with
water and C2: foliar application with a concentration of 1 mM salicylic acid).

Results and Discussion: The results showed that drought stress caused a decrease in grain yield, leaf
chlorophyll index (SPAD), and relative water content, as well as an increase in peroxidase, proline,
and electrolyte leakage. Combined treatment of biofertilizer nitroxin and mycorrhiza with 50%
chemical fertilizer caused an increase of 40.53%, 5.18%, 5.89%, 13.85%, 8.46%, and 8.90%,
respectively, in grain yield, leaf chlorophyll index, grain zinc concentration, peroxidase, proline,
relative water content of the leaf, and 6.29 % reduction of electrolyte leakage compared to the use of
50% chemical fertilizer. Also, salicylic acid foliar spray treatment caused an increase of 11.45%,
2.82%, 4.32%, 7.46%, 9.19%, and 8.02 % in grain yield, leaf chlorophyll index, grain zinc
concentration, peroxidase, proline, relative water content of the leaf, and 18.11 % reduction of
electrolyte leakage compared to no foliar spraying of salicylic acid. Combined fertilizer treatments of
nitroxin and mycorrhiza with 50% chemical fertilizer and salicylic acid could reduce the effect of
drought stress on the traits evaluated in this research.

Conclusion: Fertilizer application of nitroxin and mycorrhiza with 50% chemical fertilizer and
salicylic acid foliar spraying could provide favorable conditions for the growth and better
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performance of the plant by improving the biochemical characteristics of the plant while increasing
its resistance to drought stress conditions. In general, it can be concluded that the application of
biological fertilizers nitroxin and mycorrhiza with 50% of chemical fertilizers and foliar spraying of
salicylic acid can be an effective and alternative fertilizer to reduce the consumption of chemical
fertilizers in the conditions of drought stress in Khorram Abad in the direction of sustainable
agriculture. As a result, this treatment can be recommended to farmers in order to reduce the
consumption of chemical fertilizers in wheat under drought -stress conditions.

Keywords: Electrolyte leakage, Irrigation levels, Plant nutrition, Proline



