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Water deficit stress is considered as one of the most important factors affecting soil
microbial activities in dry and semi-dry ecosystems, which reduces microbial
activity by limiting access to nutrients. To evaluate the effect of water stress (30%,
50%, 70%, and 100% of field capacity), urea chemical fertilizer (100, 200, and
300 kg/ha), and the impact of biological fertilizers (inoculation with mycorrhiza
alone, co-inoculation with mycorrhiza and nitrogen-fixing bacteria, co-inoculation
with mycorrhiza and azospirillum, and control) on the yield characteristics of Zea
mays hybrid Sc706, a field experiment was conducted as a split-split plot in
a randomized complete block design with three replications in two cropping
seasons (2018-2019 and 2019-2020) on a farm in Firoozabad, Fars province, Iran.
Dual and triple interactions of water stress, urea chemical fertilizer, and biological
fertilizer showed significant differences in all yield characteristics. In most traits,
the application of urea chemical fertilizer (200 and 300 kg/ha) along with
biological fertilizers (mycorrhiza-azospirillum and mycorrhiza-nitrogen-fixing
bacteria treatments) produced the best results. Overall, it can be concluded that the
use of 200 and 300 kg/ha of urea fertilizer along with a combination of biological
fertilizers, mycorrhiza-azospirillum and mycorrhiza-nitrogen-fixing bacteria, can
be suitable options for improving the vyield and morpho-physiological
characteristics of corn under regional conditions.
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Mean Squares

S.0.vV DF Rows per ear Grains per row Grains per ear Hundred seed weight Grain yield Biological Harvest
yield index
Year (Y) 1 129.6** 84.76** 16109.15** 111.41** 14.63** 698.9** 736.43**
Block/Year 4 0.27 12.2 10581.09 115.6 10.56 84.62 14.33
water deficit (1) 3 15.51** 182.17** 19175.52** 2393.28** 263.12** 1203.11** 176.85**
Y*I 3 0.029ns 38.39** 99.34ns 6.822* 0.60ns 5.5ns 3.15ns
Ea 12 0.147 11.77 29.78 1.83 0.21 2.86 5.91
Chemical fertilizers (C) 3 72.54** 45.82** 23916.14** 801.42** 81.302** 413.1%* 46.36**
Y*C 3 0.006ns 0.28ns 41.78ns 5.8* 0.56ns 8.6** 16.5ns
1*C 9 0.9** 3.22** 1461.60** 9.6** 0.83** 4.07** 6.56ns
Y*C*I 9 0.019ns 0.334ns 28.82ns 0.996ns 0.204ns 0.85ns 4.61ns
Eb 48 0.024 0.31 48.32 1.71 0.309 1.38 7.14
Bio-fertilizer (B) 3 50.83** 16.68** 20553.72** 3320.78** 351.66** 1589.99** 206.96**
Y*B 3 0.012ns 0.44ns 5.64ns 6.65ns 0.18ns 9.76* 5.16**
1*B 9 0.32** 4.77** 1149.79** 32.43** 3.5** 15.07* 6.48ns
Y*1*B 9 0.01ns 0.61ns 20.20ns 0.16ns 0.144ns 0.222ns 3.18ns
B*C 9 5.47** 3.54** 1892.14** 17.67** 1.54** 7.28** 3.74ns
Y*B*C 9 0.009ns 0.063ns 10.81ns 0.33ns 0.08ns 0.074ns 0.936ns
1*B*C 27 0.088** 1.82** 375.8* 9.58** 0.86** 4.81** 3.54ns
Y*B*C*| 27 0.011ns 0.062 ns 18.33ns 0.29 ns 0.09 ns 0.27 ns 3.09 ns
Ec 192 0.0191 0.18 17.22 0.36 0.104 0.23 2.58
CcVv - 1.05 3.02 3.083 5.14 5.97 6.44 5.052

g I3 Gizo g oyd S g gy Jloin] paw (0 5 gxe Ay NS g s e



) st beonds 5 (it § (10065 (oS i p I e (il <y O pKlos

S i Ll 53 3 5,8kee g 5, 8kee linl ) 5 oo sladsS Blie g1 b Y Jgas

Treatments
Irrigation Nitrogen Biological Rows per Grainsper  Grainsper  Hundred Grain Biological
fertilizer ear row ear grain yield (ton  yield (ton
weight hat) hat)
11 C1 B1 14.67f 33.47ab 469.84f 23.91e 7.13def 18.85def
B2 14.75efg 33.48ab 478.33e 29.52cd 9.07bcd 22.44bcd
B3 15.54c¢-f 32.36bcd 471.82def 30.84c 9.19bc 24.11bc
B4 15.67c-f 32.32bcd 487.56d 32.95bcd 9.98b 25.52b
c2 B1 14.86ef 33.82a 479.97e 26.92cde 8.14cde 21.42cde
B2 15.12d 33.50a 486.29d 31.26b-e 9.72b 23.89b
B3 16.08b-e 33.04a-¢ 505.59bcd 35.97b 11.01a-f 27 46a-f
B4 16.61bcd 31.76¢ 507.23bcd 35.36bc 10.79a-f 27.12a-f
C3 B1 14.96e 33.82a 484.63de 35.97b 10.99a-f 27 56a-f
B2 15.49c-f 33.29abc 492.78c 37.77a-f 11.67a-e 28.37a-e
B3 17.27a-d 33.94a 558.05ab 42.60ab 12.79ab 32.04ab
B4 17.72ab 33.15a-d 557.21ab 35.97bc 11.18a-f 27 64a-f
c4 B1 15.11de 33.75ab 487.63d 41.69abc 12.62abc 31.16abc
B2 16.43bcd 32.20b-e 496.44c 42.60ab 12.93ab 31.55ab
B3 18.12a 33.25abc 570.66a 44.81a 13.99a 33.53a
B4 18.55a 32.87b 571.66a 46.26a 14.14a 34.87a
12 C1 B1 14.35h 33.38abc 468.9f 20.90f 5.96f 16.73f
B2 14.56fg 33.48ab 473.87¢fg 23.49 7.00def 18.47def
B3 14.96e 32.83b 479.99¢ 26.32c-f 7.94d 20.54d
B4 14.94e 33.08a-e 479.82¢ 26.92cde 8.03c-f 20.94c-f
Cc2 Bl 14.63f 33.27abc 477.67e 24.81de 7.27def 19.48def
B2 14.77efg 33.50a 480.40def 25.24d 7.53de 19.65de
B3 15.77cde 32.22b-e 494.44c 31.14b-f 9.36bc 23.92bc
B4 15.87cd 32.49bc 499.24c 31.75b-e 9.42bc 24.33bc
C3 B1 14.77efg 33.29abc 476.18ef 32.65b-e 9.72b 24.98b
B2 14.97e 33.24abc 481.98def 34.76bc 10.71a-f 26.46a-f
B3 16.95b 30.66d 506.55a-d 35.97b 11.17a-f 27.27a-f
B4 16.90b 31.17cde 512.69abc 38.98a-¢ 11.66a-e 29.34a-e
Cc4 B1 14.87ef 33.27abc 481.17def 35.97b 11.22a-f 27.30a-f
B2 15.57c-f 32.37bcd 490.60cd 37.47a-f 11.50a-f 28.34a-f
B3 17.71ab 30.63de 528.3ab 39.28a-d 12.26a-d 29.54a-d
B4 17.68ab 31.11c-f 529.31ab 41.68abc 12.73ab 31.05ab
13 C1 B1 14.15h 32.95b 461.41fgh 19.23g 5.41f 15.71f
B2 14.35h 32.90b 468.84f 21.59f 6.36ef 16.72f
B3 14.76efg 32.62bc 473.17efg 23.61e 6.87¢ 18.64e
B4 14.69f 32.48bc 473.36efg 25.72d 7.53de 20.12de
Cc2 Bl 14.28h 33.00a-e 466.70f 20.50fg 6.00f 16.66f
B2 14.57fg 33.06a-e 476.33ef 24.24def 7.08def 19.08def
B3 15.06de 32.65bc 483.79de 29.94cd 8.88¢c 23.08c
B4 15.06de 32.67bc 486.80d 29.94cd 8.98bcd 23.08bcd
C3 B1 14.45h 33.12a-d 471.18e-h 28.44cde 8.65cd 21.99cd
B2 14.84ef 32.97b 480.80ef 31.44b-e 9.60b 23.64b
B3 15.94c 31.41cd 491.77cd 32.71b-e 10.11b 25.02b
B4 15.96¢ 31.33cd 495.94c 35.97b 10.87a-f 27.30a-f
c4 B1 14.55h 33.09a-¢ 472.49¢fg 32.95bcd 9.82bc 24.36bc
B2 15.13d 32.78b 486.62d 35.97b 11.17a-f 26.80a-f
B3 16.72bc 31.20cde 509.67abc 37.95a- 11.77a-f 28.70a-f
B4 16.69bc 31.50c 515.65abc 38.98a-¢ 11.86a-e 29.42a-
14 c1 B1 14.37h 30.88d 450.7gh 16.61ghi 4.87fg 13.70fg
B2 14.58fg 31.06d 459.54gh 17.66gh 4.89fg 14.47fg
B3 14.96e 30.86d 469.02f 20.32fgh 5.78f 16.33f
B4 15.01def 30.88d 468.34f 22.78ef 6.58ef 18.06ef
c2 B1 14.66f 30.59de 455.23gh 17.38gh 4.96fg 14.26fg
B2 14.77efg 31.30cde 471.15e-h 20.53fg 5.85f 16.48f
B3 15.84cd 29.99def 478.64e 22.82¢f 6.61e 18.08e
B4 15.83cd 29.93d-g 479.33e 26.25¢-f 7.70de 20.49de
C3 B1 14.77efy 30.69de 459.88g 21.80f 6.10efg 17.37efg
B2 14.97e 31.26¢de 479.15e 23.31ef 6.77¢ 18.43e
B3 16.97b 28.27¢ 488.13d 26.92cde 7.97d 20.96d
B4 16.93b 28.10ef 486.97d 27.56¢cde 8.13cde 21.41cde
c4 B1 14.86ef 30.88d 467.34f 26.56¢-f 7.85de 20.71de
B2 15.60c-f 30.39de 483.63de 29.94cd 8.98bcd 23.08bcd
B3 17.72ab 27.45e-h 495.10c 30.84c 9.28bc 23.71bc
B4 17.66abc 27.70efg 497.24c 31.67b-e 9.56bcd 24.28bcd

C3 (o 55lS Ve v 1C2 ( lowss 355 (9 (CL e elyj cad )b Z ¥ 4 g 70+ a3 Ve td2 7N 1) s 368 9 (olowd 368 ‘L;v.‘pfu-l-\?m zokw i C 9Bl
(estesmons 3 opSele s B o5 ispSole ol (3 oSl e ol B2 ¢ (1003) 6 5 65 b ol o BL 55 Vo 1CB 5 oSS Y-



IF-F o J3/ 6,las pommiy 5 oliy 8,50 o) (£ sj HlOLS psle dlmo vy

@18 8 Shos H—Y
Ol Moy S Jlois] pdaws 1> (gl ime BT &by 5 Shos Co (g9 b jlowd ool il sy LS imgd oyl (slaaidly
Wlaw Sl g ) 395% olowd 365 ¢ ) 295 olnS ( olbews 355% 0S5 AlBgd lite il piomen LD
xSl dwolie gl (Y Jgdn) B3l lis doyd o Jlein] pdaw )3 (6)ls sime MBS ) 39S o lowds 355 oS
Lolyon (oliosd 395 LS 13 p)SolS e+ b olyj cadsls 203 Ve low @ bwjo iy 5o jdlio oyt 31> (Lt
()3 Cabyb 203 Yol 4y bgye Cdio oyl ke 05208 5 (IS8 ) (5 VIV il gl g 152)550be (il ol
(¥ Jga2) 292 (S 53 o5 FIAY) (5 395" 0193 9 (oloonsd 365 9

o 8 ol S8 > B Ol gy (bl ghaw plo & s JolS (g )lol Lulyd )3 4l 5 Shoe 392 YL e
5 Fhugth oD 53 9§V (S3thgtd (slao3sSS) 5l g WS Gl |y 58 5l 3y90 lie olis g T Wiz iy olS 50
S a5 oS ol ol 001y L b 5155 5 gyl 50 AL Hlnye8 0 YL 0 Slas g Ay o & @ g b (gilwodle
Jols gl 298 00 0,5 3, Slae JialS & ot SLaBIed,S 0)95 1 ko 5B L g 29800 S Jidg)lS (e GhlS s
ORIl & i Coleg 53 g (SiS A5 SISl LS o (S j 355 9 (aleend 355 ply ealil oS by Lt BudoS (pl
©pd el o A i lesd g () S35 ) (Al odlatl 38 plo o SKdmgh (1 Jgia) Ab 4l 3)Sles
el il g Of bis (S S5 Olaogad dgup 3 ol Sl oleS bulyd )5 s sadgS G puas Cuenl ¢ ol
Loy ool )0 298 e Jyae Mg 5 odgicam) SRl 4 coleyy o5 adlbe olE pole I edlil
o g ol 18 adlllas 5yg0 1) paS il 0)Sles ju oliend g ) (2S5l 15U 50 (2014) Hojattipor et al.
2Ll Hlowd 53 Al 0, Slas p yieS Dg duw) 9 (oleud 355 i Hlos e diby 5 Slas o i 5 LBl Cuwd don
D)l (Simlon ol gl gols b a4 ad odnlis () 355 Bpas ()94)

S ol sl 5l 3590 3950 9 298 e JHBT Jls olS awgi (595 e (S Cugb) Hab 39008 jg0 5
Oisr il Gl caw o )lel b S s 5 Sles a1 g ot palp S Sl G g0 3 > 45
Jasly be (2021) Livetal. il oo dg00m0 S cilyid zlsel Jlas 511y olS oUlgy 245 g3954 Ol i Lol 8l g o
a3, 51 5] 3 395 il 3, Sl el 815 gm im0 B 25 Ly > S 505 mgd e Wl oS
e Lo 3,5k 5 0355 318 Ll cal 35 Sy by lS 35 31 ey Gl s 55 4 5 e 8IS | o3
s 3Slae B & e i 5 St Caghoy clond 3 &5 35 olgie olgsn i sn (£l oS 3ga0mn ol
A
S 398w O yShos 7Y
i Jain) o 53 (ot 355 A0S 5 s 355l e 185 s 0L (F Jpi) ol 455y ol
st 3558 o s 355 s 0535 e 031 izt 5 it 35 5 oo 355 sloSi o sl 1 g 2y
380es Cdio g9y () 355 plend 35w S WBaw blite 515 ) 35 alerd 355 (lerd 255 oS
Voo o 4 bgye (fanj 3)Sdas oyt 3 LS (pS0ke dulie @l g1 I gne 20> S Jlein] a3 SuSlge
(S 3 (5 YYIAY) sl ensil 5 132558l Sl ol U el plimss 355 550 55 1,558 T L el s oy
390 (LS 53 5 IWIV) () 355 e 5 (aloond 955 (g 18 )) byl 20 )3 T 4y bgaje o (ol jlade (35205
ssiise otaly Spll g (otgy slaphil (alS el 4 )3 5 039 dg g RIS s Ol 3320 Logos (¥ Jgua)
D9 T Cadgiome baylud 53 oS ) 3,8kes ialS 4y o Wlgs oo Lyl &S

39008 45 13,5 5))55 5 Jlael )3 g paiS Ay cilisie Jolpe p3 1y oleS (2015) Parent et al. 4 (2022) Bayat et al.
G ol g Mg pials b 5l Cogby 3gseS Dgb 0 olS Kiis odle LEalS 4y yoie Mby agl Jalpe 3 OT s
OBl 0> (pdag) Ay Al ye ) (S i Jlesl L 3500 (domgh ) md e S |y S aw ad s bS



rr 2 b 9 (s 5 ‘;b.’}f;‘_ﬂv/’,gfuﬁ.ﬁ')*fﬁ' cad sy & yd o Kloc

ojien 5 b ol (5 e balpd 53 Sodgm 3 )Sdas (n 5 VL 5 0 odaline olS Sfolgn 3y Shee 53 (6l e
e oS 035 Sy sl Jlojiw 0)93 Jobo g it (BuS S s cogllas o)l slag 0 gl o Slas il
o 25yl 005 b Sap el o Slas e Sl ogMle oS A5 D9 6555 Sgeid T sl 4
Ueo nl 32 d9die 38 2l yolie gexd 5l Xy » PBI Gkl ol jolie 908 A5 ofga
oo Gyl | Slgijl g ulisegdgus cpuly gl Jold (159 oAU S (sl S 45 izl e (2021) Liu etal.
05 ORIl Gage & 358 00 (e LS )3 (glday 03 5 4Sd dgue 5 Cagb) e e (Il cage (lalS ady) b
Ngd o (olAE dlae d9uaS i jialS 5 0lS Sis

Cs g (Leymus chinensis) C3 LS (sbaaisS ,5 siwsd ¢ Ady 0 AMF akwly L ili8l 35 (2019) Li et al.
(2016) Yooyongwech et al. .xlosls lis  SlawST bl piwaw YL abss 3,b 1, (Hemarthria altissima)
SalS > 68 a5 ke ol gl il caw ,Y Sl 15,6500 clagz B as" 13,8 5,155 (2019) Moradtalab et al.
YL oo dlawlgds didyy Ol mdaw 338, YU 4y 1) yol opl &S 2485 0 (G. MaX) Lgw o (H. vulgare) g puiS «o)d wiilo
o ol g0 e s 1y iagh cpl s Cous ldise il slaaidl (Jiaetal., 2016) Liad o Caus )8 sladu,
il 955 355 s 3> 55 g poslon] Aole (55355 SIS ehya 4 i p5Slo )8 VL sla s
S o pde VoF b ) 0 ) (S (BT awg o2 )
cwild g bl Y-Y
cuildy adls b bloyl o basl ccuwl el p (a3 ls lod « aing) o (al) ainlj (sbaplail o 635950 0y paand Mg,
chw o cdby jadld (o) (g 255 # Jw Al e blae 3l yuismen 5 odlw ISl olod a8 ol Ll oy cpl g
oW oy ol boadl bl gyl me Golds gun A aw g Al ed blate iyl pluw 5390 )b dme doyd S lass]
ol Mie a8 g (FY/0Y) sl il 5 1520550le (2l il L olya Jgb Jlo 2 bgoye o ol polie i oy
(Ve JSa ) g (YEIYF) (g 395 Jlos (y9 po> Jlo slos & bguyo o

Cuol 0391 yiaS Su5lgm d)Slos 4y aily 3 Slas Cuns SCT06 &y CuiS pgd Jlo )0 (pols Buid zuls 4y dliwl b
gy by bowd ped Jlo pd wyy ol o 4y )84 (gHles GluS 5 &S amd o L yol () (Gl s o0l oyl laedly)
psd> Sl ) Sejelsn 3)Shos ob 5wl 5 Slos i 4T 2929 b S g5 o ik (V0 JSS) Woad crge | (s ey
ctelomly cese yol am g 039y ity il 3 )Shos &) Cunad pod Sl )> Sfglgn 3, SMas lj3l Lol to3gy gl Jlo ) i
Gl 00 pgd Jlo > Cuibdy s ls

sl 0ol )3 9290 (sl e ple g eoball o m itgd Bse g (SgSe Sl catby padls
8 Fargid Slga Sl (6 oS whew «S o g EUS Rl sy (1590 395 3,18 (Al 8 b allSiat 5 olS )3 4 ol (L liyios
oanls & asily Hbl dase (Parent et al., 2015) 55" lag yialS cusly jadls o) opl jl g cél jolaid] il 4
(Rogers et al., 2016) cul cuodl Hlo  singy Hiso jl 4ld & (g tiwgd dlgo JI ol5a0 39l 45 cudld

s Sojglon 2es p (650 28l S (pugy adsye 3 (SiS T by (adll ablee el
2 Gl odly Lo il byly b cpl )0 cudly p (asls 1 fcunl 039 jiaS ol 4 dib 3 Shas ol 85U &S b
G olS Coplus ialS (ol Cle o5 Wb o (g2 GRS iy padld () adsye 5 (SdS S £589 ©jpo
3 3 33 2139 3l S 55 5133 4l 3,Slae 8IS 3 1ol (2alS o adosn 5 Sk i o
D55 Ll 53 oS 5208 1, Toles 5 (s 3tostd S Moag] )55 SnlS w11 Srostd s ilS a1 ol S (6
.(Gebremariam & Baraki, 2016) >4 yvio Cuiildyy (adlls ials o Colxio g (solaidl 5, Slas yials 4 Wlg7 0



Harvest index

Vo 3l Syl oy 5 olieiy 6339 <o) o1y S posle Amo re

42 42
41 d 41 b
40 5 40
. =
e
38 S 37
37 S 3
36 T 35
35 34
34 33
Control 100 kg/h 200 kg/h 300 kg/h %100 FC %70FC %50FC % 30 FC
Chemical Fertilizer (Nitrogen) Irrigation
42 ab a
> b b ¢
40
© b
E 38 ° bc bc
— c
3
L 36
S 34
I
32
Control Mycorrhiza Mycorrhiza mycorrhiza
and and

Azotobacter Azospirillium
Biological fertilizer

m First year m Second year

Vo8 St )3 olS 3 iy edld Chio p w358 )3 Jlo Jilite 5l g (olbewd 368 ( oS (i oole 51 156 LY JSWS

& 5 4 F

Cyuote Suiddos § SuiS lagtupwsS] 3 S 09800 sbcdld p 35,50 Jelos op iae | (S8 A5 jop
Aol s pols adllas ey o (EalS 1) S 59)Sie clad ¢ Slie jolie & wyuwd Codgize 3,k 5l aS dad oo
5 9 Spacy B pole 4 gwyid plply wwl 3 Sles saiiSaguoe Lol Jolo ((Suis loj p SB (ol
Sl 35 458 plo (e S5 sk g0 S (shdols (Rl cuw & Cunl oo Ll I (S o8 pan
leond 365 Gpan b g (335 Brme pic) Wals Jlowi 4 Cand oy 3y90 Sliio 90 el (plawd g (aj sadgS
oS bulpd g ofigar )3 ol 3 )Slas b by Slao s slodsS & e Sl 4 a2 b Wb sy
g g pi g Ml 5,9l SBlial 4 ) Ca 3 olesd laodles Brae Jial Cosal 4 )l pizren il
Bl plend (sla3gS Sl (S sl (owlie (0l Wl oo (S (35S (o) slapllas > 2y plalS

&be .0
Abbasi, A., Malekpour, M., & Sobhanverdi, S. (2021). The Arabidopsis expansin gene (AtEXPA18) is capable to
ameliorate drought stress tolerance in transgenic tobacco plants. Molecular Biology Reports, 48(8), 5913-5922.
Afarinesh, A, Fathi, G., Chugan, R., Syadat, S.A., Alamisaid, G., & Ashrafizadeh, S.R. (2016). Effect of drought
stress on physiological traits of maize (Zea mays L.) hybrids. Journal of Crop Production and Processing.
5(18), 195-205. (In Persian).
Ahemad, M., & Khan, M.S. (2012). Evaluation of plant growth promoting activities of rhizobacterium
Pseudomonas putida under herbicide-stress. Annual Review of Microbiology, 62,1531-1540.



) 2 b 9 (s 5 dbé}f;‘_ﬂv/’,gfuﬁ.ﬁ'),;ﬁ' cad sy & yd o Kloc

Ahemad, M., & Kibret, M. (2014). Mechanisms and applications of plant growth promoting rhizobacteria: Current
perspective. Journal of King Saud University-Science, 26, 1-20.

Ahmed, H.G.M.D., Sajjad, M., Li, M., Azmat, M.A., Rizwan, M., Magsood, R.H., & Khan, S.H. (2019a). Selection
criteria for drought-tolerant bread wheat genotypes at seedling stage. Sustainability, 11(9), 2584.

Ahmed, M., Aslam, M.A., Hassan, F., Hayat, R., & Ahmad, S. (2019b). Biochemical, physiological and agronomic
response of wheat to changing climate of rainfed areas of Pakistan. Pakistan Journal of Botany, 51, 535-551.

Ahmed, M., Hassan, F., & Asif, M. (2012c). Physiological response of bread wheat (Triticum aestivum L.) to high
temperature and moisture stresses. Australian Journal of Crop Science, 6, 749-755.

Ahmed, M., Hassan, F.U., Aslam, M., & Aslam, M.A. (2012a). Physiological attributes based resilience of wheat
to climate change. International Journal of Agriculture and Biology,14, 407-412.

Arrudaa, L., Beneduzi, A., Martins, A., Lisboa, B., Lopes, C., Bertolo, F., Passaglia, M., & Vargas, K. (2013).
Screening of rhizobacteria isolated from maize (Zea mays L.) in Rio Grande do sol state (South Brazil) and
analysis of their potential to improve plant growth. Applied Soil Ecology, 63,15- 22.

Atta, Y., Abdel-fatah, A., Gaafar, 1., & AbdouHassan, W.( 2015). Validation of accurate determination of maize
water requirements in Nile Delta. Proceedings of the 26th Euro-mediterranean regional conference and
workshops. Innovate to improve irrigation performances. 12-15 October 2015, Montpellier, France.

Awan, S.I., Ahmad, S.D., Mur, L., & Ahmed, M.S. (2017). Marker-assisted selection for durable rust resistance in
a widely adopted wheat cultivar” Ingilab-91". International Journal of Agriculture and Biology, 19, 1319-1324

Bayat, H., Omidi, M., Shah Nejat Boushahri, A.A., & Naghavi, M.R. (2022). Evaluation of some physiological
and biochemical traits of wild species and wheat possessing the D genome under water deficit stress. Iranian
Journal of Field Crop Science, 53(4), 77-91.

Behrooz, A., Vahdati, K., Rejali, F., Lotfi, M., Sarikhani, S., & Leslie, C. (2019). Arbuscular mycorrhiza and plant
growth-promoting bacteria alleviate drought stress in walnut. HortScience, 54(6), 1087-1092.

Chang, P., Gerhardt, K.E., Glick, B.R., Gerwing, P.D., & Greenberg, B.M. (2014). Plant growth promoting
bacteria facilitate the growth of barley and oats in salt impacted soil: Implications for phytoremediation of
saline soils. International Journal of Phytorem, 16(11), 1133-1147.

De-Morais-Oliveire, J.P., Pela, A., Ribeiro, D., De-Oliveira, B.S., Da-silva, L.M., Ferreira-Silva, J., & Da-Silveira,
P.S. (2016). Nitrogen accumulation and productivity of green corn in function of ways and seasons of top-
dressing nitrogen fertilizer application. African Journal of Agricultural Research, 11(35), 3293-3298.

Gebremariam, G., & Baraki, F. (2016). Response of rice yield and yield parameters to timings of nitrogen
application in Northern Ethiopia. International Journal of Engineering Research and Development, 4(4), 897-
900.

Grichko, V.P., & Glick, B.R.( 2001). Amelioration of flooding stress by ACC deaminase containing plant growth
promoting bacteria. Plant Physiology and Biochemestry, 39, 11-17.

Hojattipor, E., Jafari, B., & Dorostkar, M. (2014). The effect of integration of biological and chemical fertilizers
on yield, yield components and growth indexes of wheat. Journal of Plant Ecophysiology, 5(15), 36-48.

Hui-Mean, F., Yusop, Z., & Yusof, F. (2018). Drought analysis and water resource availability using standardised
precipitation evapotranspiration index. Atmospheric Research, 201, 102-115.

Jahanian, A., Chaichi, M.R., Rezaei, K., Rezayazdi, K., & Khavazi, K. (2012). The effect of plant growth
promoting rhizobacteria (PGPR) on germination and primary growth of artichoke (Cynara scolymus).
International Journal of Agriculture Crop Science, 4, 923-929.

Jia, M., Chen, L., Xin, H.L., Zheng, C.J., Rahman, K., Han, T., & Qin, L.P. (2016). A friendly relationship between
endophytic fungi and medicinal plants: A systematic review. Frontiers in Microbiology, 7, 906.

Karlidag, H., Esitken, A., Turan, M., & Sahin, F.( 2007). Effects of root inoculation of plant growth promoting
rhizobacteria (PGPR) on vyield, growth and nutrient elements contents of leaves of apple. Scientia
Horticulturae, 114, 16-20.

Khan, M.A., Tahir, A., Khurshid, N., Ahmed, M., & Boughanmi, H. (2020). Economic effects of climate change-
induced loss of agricultural production by 2050: A case study of Pakistan. Sustainability, 12(3), 1216.

Khosravi, H. (2019). Response of maize to inoculation with azotobacter under drought stress conditions. Journal
of Water Research in Agriculture, 33(1), 29-38. (In Persian).

Khavazy, K., Asadi-Rahmani, H., & Malakouti, M.J. (2005). Nesseccity of industrial production of biological
fertelizers in country. Sana Publication, pp, 274-279. (In Persian).

Li, J., Meng, B., Chai, H., Yang, X., Song, W., Li, S., & Sun, W. (2019). Arbuscular mycorrhizal fungi alleviate
drought stress in C3 (Leymus chinensis) and C4 (Hemarthria altissima) grasses via altering antioxidant enzyme
activities and photosynthesis. Frontiers in Plant Science, 10, 499.

Liu, Z., Shang, H., Han, F., Zhang, M., Li, Q., & Zhou, W. (2021). Improvement of nitrogen and phosphorus
availability by Pseudoalteromonas sp. during salt-washing in saline-alkali soil. Applied Soil Ecology, 168, 104-
117.



IF-F o J3/ 6,las pommiy 5 oliy 8,50 o) (£ sj HlOLS psle dlmo ve

Ma, J., Li, R., Wang, H., Li, D., Wang, X., Zhang, Y., & Li, Y. (2017). Transcriptomics analyses reveal wheat
responses to drought stress during reproductive stages under field conditions. Frontiers in Plant Science, 8,
592.

Mayak, S., Tirosh, T., & Glick, B.R. (2004). Plant growth-promoting bacteria confer resistance in tomato plants
to salt stress. Plant Physiology and Biochemistry, 42, 565-572.

Moradtalab, N., Hajiboland, R., Aliasgharzad, N., Hartmann, T.E., & Neumann, G. (2019). Silicon and the
association with an arbuscular-mycorrhizal fungus (Rhizophagus clarus) mitigate the adverse effects of drought
stress on strawberry. Agronomy, 9(1), 41.

Nadeem, S.M., Zahir, Z.A., Naveed, M., & Ashraf, M. (2010). Microbial ACC-deaminase: Prospects and
applications for inducing salt tolerance in plants. Critical Reviews in Plant Sciences, 29, 360-93.

Parent, B., Shahinnia, F., Maphosa, L., Berger, B., Rabie, H., Chalmers, K., & Fleury, D. (2015). Combining field
performance with controlled environment plant imaging to identify the genetic control of growth and
transpiration underlying yield response to water-deficit stress in wheat. Journal of Experimental
Botany, 66(18), 5481-5492.

Rogers, E.D., Monaenkova, D., Mijar, M., Nori, A., Goldman, D.l., & Benfey, P.N. (2016). X-ray computed
tomography reveals the response of root system architecture to soil texture. Plant Physiology, 171(3), 2028-
2040.

Rostami, T., & Farahani, S.M. (2020). The impact of applying mycorrhiza and surfactant on forage characteristics
of maize under deficit irrigation. Journal of Crops Improvment, 3, 22-30.

Russo, A., Vettori, L., Felici, C., Fiaschi, G., Morini, S., & Toffanin, A. (2008). Enhanced micropropagation
response and biocontrol effect of Azospirillum brasilense Sp245 on Prunus cerasifera L. clone Mr. S 5.2 plants.
Journal of Biotechnology, 134, 312-319.

Srivastava, R., Joshi, M., Kumar, A., Pachari, S., & Sharma, A.K. ( 2010). Biofertilizers for sustainable agriculture.
In: Sharma, A.K., Wahab, S., & Srivastava, R. (Editors). Diversification problems and perspectives.
International Publishing House Pvt. Ltd. New Delhi, India, 58-73.

Tank, N., & Saraf, M. (2010). Salinity-resistant plant growth promoting rhizobacteria ameliorates sodium chloride
stress on tomato plants. Journal of Plant Interact, 5, 51-58.

Vahedi, A. (2015). Effects of redroot pigweed (Amaranthus retroflexus L.) competition on the yield and yield
components of corn under different levels of nitrogen application. Journal of Agroecology, 5(2), 14-25.
(In Persian).

Vesey, J.K. (2003). Plant growth promoting rhizo bacteria as biofertilizers. Plant and Soil, 255, 571-586.

Yooyongwech, S., Samphumphuang, T., Tisarum, R., Theerawitaya, C., & Cha-Um, S. (2016). Arbuscular
mycorrhizal fungi (AMF) improved water deficit tolerance in two different sweet potato genotypes involves
osmotic adjustments via soluble sugar and free proline. Scientia Horticulturae, 198, 107-117.

Zaman-Khan, H., Igbal, S., Igbal, A., Akbar, N., & Jones, D. (2011). Response of maize (Zea mays L.) varieties
to different levels of nitrogen. Crop and Environment, 2(2), 15-19.

Xiong, L., Shah, F., & Wu, W. (2022). Environmental and socio-economic performance of intensive farming
systems with varying agricultural resource for maize production. Science of the Total Environment, 850,
158030.



