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This field study was conducted with the objective of reducing or alleviating the drought stress
effect on yield and yield components of barley varieties by applying biological fertilizers in
two consecutive years within the framework of a split plot randomized complete block design
with three replications. In the first year of the experiment, the main plot was irrigation at two
levels (normal irrigation or full irrigation during the plant growth period, and irrigation until
50% of spike stage) and sub-plot was barley variety (Kavir, Valfajr, Nusrat, and Yusef). In the
second year of the experiment, the first factor was irrigation at four levels (full irrigation during
the plant growth as the control, irrigation until 50% of spike stage, irrigation until 50% of
booting stage, and rainfed cultivation). The second factor was biological fertilizer application
at four levels (Azospirillum lipoferum growth-stimulating bacterium, Mycorrhizal fungus
Glomus intraradices, combination of Mycorrhizal and Azospirillium lipoform, and control).
The third factor was barley variety at three levels (the superior and the susceptible varieties
selected from the first year experiment and Abidar rainfed variety). In the normal irrigation
conditions (non-stress), the maximum grain yield was 7775 kg/ha for the Kavir variety, and
the minimum grain yield was 5650 kg/ha for the Valfajr variety. In irrigation stress conditions
(irrigation up to 50% of spike stage), the maximum grain yield was 6209.4 kg/ha for the Nosrat
variety, and the minimum grain yield was 4167.7 kg/ha for the Kavir variety. In this research,
the Nosrat variety had the maximum tolerance against stress among the studied varieties.
However, the Valfajr variety showed minimum drought stress tolerance. According to the
results of the first year experiment, two Nosrat and Valfajr varieties were selected. The results
of the second year experiment showed that applying Azospirillum lipoferum growth-
stimulating bacterium, Mycorrhizal fungus, and the combination of Mycorrhizal and
Azospirillium lipoform increased the grain yield up to 2.02, 2.38, and 3.31% compared to the
control treatment, respectively. Full irrigation during the plant growth period compared to
irrigation treatments up to 50% of the booting stage and rainfed cultivation increased the grain
yield by 4.43% and 10.04%, respectively. In general, the Valfajr variety was selected due to
the lower percentage of grain yield reduction compared to other varieties and the superiority
of this variety in terms of stress sensitivity index, and this variety has the potential to become
a suitable commercial variety.

Cite this article: Olumi somarin, Sh., Ajali, J., Faramarzi, A., Abdi, M., Nazari, N. (2023) Study of the effect of irrigation,
mycorrhiza, and azospirillum on the quantitative and qualitative yield of barley varieties, Iranian Journal of Soil and
Water Research, 54 (2), 407-427. https://doi.org/10.22059/ijswr.2023.354339.669437

© The Author(s).
DOI: https://doi.org/10.22059/ijswr.2023.354339.669437

Publisher: University of Tehran Press.

ISNN: 2423-7833


https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:shahryaroloumi@gmail.com
mailto:jalil.ajali@m-iau.ac.ir
mailto:aliifaramarzii52@gmail.com
mailto:dr.mehrdad.abdi@gmail.com
mailto:naser.nazari@gmail.com
https://doi.org/10.22059/ijswr.2023.354339.669437
https://doi.org/10.22059/ijswr.2023.354339.669437
https://orcid.org/0000-0003-3686-6853
https://orcid.org/my-orcid?orcid=0000-0003-3905-6864
https://orcid.org/0000-0002-3740-0556
https://orcid.org/0000-0002-1004-1442
https://orcid.org/0000-0002-3522-7091
https://creativecommons.org/licenses/by-nc/4.0/

YAYY-YFYY Ll
Homepage: http://ijswr.ut.ac.ir

Y o b <Y 0,99 ¢yl I S g T Wliuions aloxo

9 PO AT g 0T 8 5Shos (S 3e8g 1d Wlho ) P ol g 3T 9 3395w 653 WT Totaw il axlllan

T S ol g 313500 (550158 e ST ST il 05 soghe 51 oo
shahryaroloumi@gmail.com :asbLJ; .yl ¢ il ¢ oMol 3131 olKuils ¢ ailio sty «ibils Mol 5 el 05,5 .
jalil.ajali@m-iau.ac.ir :acbll, .yl wle ¢ oMol 3131 olSutils cilio dly (bl Mol 5 sl 09,5 ¢ Jgiams oiuans .Y
aliifaramarzii52@gmail.com :asbbl, <)) cils ¢ oMl 131 olStls cailio dly wilbils Mol 5 sl 09,8 ¥
dr.mehrdad.abdi@gmail.com :asbll, «ll clie ¢ oMol 8151 ol&iiily cilin dnly «bls ZMol § sl 09,5 ¥
naser.nazari@gmail.com :acbll, ¢l cils (ool 3131 o8l cailo dnly wbils Mol ¢ sl 09,5 0

ouS>

4

Ao OlNb!

Il LSS ¥ L dolay JolS' sacS'sly 75l LB 40 0id )5 (sl S o ygo 4 as 30 50 (Jlgio Jlw 90
2y 0395 Jsb 3 JolS (o)l (st Jloy o)) o 93 )3 ()bl ol 5588 ¢ tulo] gl Jls 5o el
St (cogy 5 i e illy 058 oo laz 3 pB) (88 )56 5 (@Al Ay 103 00 b (gLl 5 ol
bl canld plgie oS 1) 0,90 Jobo 1> ol (o)lul) o g 53 (ol gl )58 talesl pgd Sl
3 So5dan 39S pgd 15 (w25 CuitS g sl Al e o> B0 B gyl ( mdalin Al g ao )y B0
5205550 @ 65515 43 AZOSDirillum lipoferum pg,dged pouls ooyl 1y S o (558 3,5 s Slaz
Asie 4 68 g 3,05 30,5 pae pgbon poswgil 5 j2y65e oS 5 Glomus intraradices 4igS
(] w23 08 9 Jgl Jlo G255 51 ol iy Jaxio 08 5 ol o)) gaws s )3 pB)] pgus 5258 5 (AL
5 255 o8y 4 by ) 53 £ SHLS VYO b il 5 Shas o 5V (025 0i9) Sl cplel by 1o 092
O Lulyd g als 5 Slas i gr rdlly 08y 4 bgiye JiSa )3 p)SelS 050 L s 5 Sles (58
3ySlas (pyieS g iy o8y 4 bgsye S 4> p,5olS SV L ((mddlin dlsyo doyd B+ b )b (ol
AVl Opai 68 (bl 0590 PN (a3 B85l )3 351 065 88y 4 bwye USa p3 2 ST TAPAL s
b agbgab i) Jisa Jooo ade oy yieS yoilly o8, a8 Jb jo.cudld 1y 55 4 Jeod Hlade
cp ol ppog] 1y S o 68y 2,187 48 0l s pg> Lo s 3,5 sl jerlly g & pua 05 93 gl Sl
NY Gl el (58 g 3209500 38 pac) dald & Canms poly gl g 5259500 oS 5 g 52)950e )8
b b d)lﬁi syles 4 Cons olS Ay 0)90 Job jo JolS ‘_;)lﬁj 0,5 &by 5, Sles (shoyd YIYY o VIVA
a yilly w8y JS 53 0,5 ails 5,Slas (sduoyd Voo 5 FIFY il Cacl oo cutS g sl dls yo oy
Dbl i 4 Cmlas (aLS a5l 68y ol (650 9 PB)) o 4 s a8 il 3 )Slae S 0> >

D) i 1y cuslie ()5 08y 4y b il o8 ol g 205

g5y Alie 1o £o5

VANV el s & ,U
VANYIVG 16,5550 & ,U
AARATAVAN AR PR T
VYN 3y Lis! g U

tgMlS slaojly
5

(A g (o5 25 las
sl pd
et S 155

52950 w5k obw b ddlas (VFoF) ol folai b fone (e fgipld (Juls (ol Gliad oyl egle bl

FeV-¥YY (Y) OF l/ SE o Sliiz o o eyl S g (oS dSlas (el Claw p P}lﬁ#})’" 9

https://doi.org/10.22059/ijswr.2023.354339.669437

u‘){; olSKuily ul)l.m.u‘ w‘y: ).va
DOI: https://doi.org/10.22059/ijswr.2023.354339.669437



mailto:shahryaroloumi@gmail.com
mailto:shahryaroloumi@gmail.com
mailto:jalil.ajali@m-iau.ac.ir
mailto:aliifaramarzii52@gmail.com
mailto:aliifaramarzii52@gmail.com
mailto:dr.mehrdad.abdi@gmail.com
mailto:dr.mehrdad.abdi@gmail.com
mailto:naser.nazari@gmail.com
mailto:naser.nazari@gmail.com
https://doi.org/10.22059/ijswr.2023.354339.669437
https://doi.org/10.22059/ijswr.2023.354339.669437
https://creativecommons.org/licenses/by-nc/4.0/

Fod g 3205 (6l Zolaw Il axdllas 1)Ko g o2 yod (09le (g3 — (sole)

-

400
3 B sl Gl b daalge y3 0329 4 1y Jb 0 Cumer 4385 QUlg wanl @lge ol b s & (losas (o il 51 (S
59y w38l (Powell et al., 2013; Wiegmann et al., 2019) cul cuis’ LB glope) 4 (owyiwd (ials 5 (couldl Ol yoss
Coodl ply s 2 o8 iy liE Glojls ol g A e GBI e 3 U sl adls ol o ]y Gliire lan Cuman 0938
d93%0 olse n frotes 31 (S 9 dupien 55 4 6y9p0 ol g ORI Sl o sl slagio )3 82 (igmen SME 1
Jolgs ) 455 ¢ Jgmame 13 tal58l sl 5o (Bakhshi Rad et al., 2010) wsly o o 59008 5 St aliuwe @M )3 0128
b2 | gad g 0 0100 b 5 b5 by 1 s ljas Conod] Syl zalS elnlSal, g olS gad g A5 3 IS sniiSalox)
151 b o 3 5 0393 0055y (£l 4T 3 4 Gl dnlge (i 36 5 (SiS do S Loy dlon 1 353 B basee 5 ikises
Ol (e dee YYO-YF ) Sl mSle oy 393> ;5 ol ) (Namdar et al., 2019) wlais 31,8 lddse ;| (o)l 4555 350
oS 335 o 9 bl g SES] (SKS Ay KtS lep o T luylyd |y oyl Colus §) aoy AD (FAO, 2018) 5l 4YLe
89 S s 535 JS o8 ol o3 s liions (VYR5 (IS 9 5,35 052 el stz 5 5350 bl 3 o o 5 o3
ojloesl) 13 Aimlos g y9) JSdia b Y guazes (6)9liS Wb gudg cpl sl b g 21> (o3b5 3l (selyj Y guame a5 oS o
(YA () an

Oy o VOV Dgus WJgi g LS yaudee DO dgds CuiS 5 e g (S559)sST mwg alel> L (Hordeum vulgare L.) s
M8 el g sl osliul 3)90 138 plgicay &8 (VWAZ (Slagls) M3l so loa 55 @y 9 )3 A jldm M ope Jpamme (0o
Cgace paS | dn Jpamme (pagd (5 oabee Y10 3900 A5 5 LS (igen VIV 2900 cudS o o b g2 3 lpl )3 055 (o0
039 YU ol s s py ol 5 a8 dblie wul clailinne (Slg 3 OME o yiege 5| (S 9> (Tanaka & Nakano, 2019) 34 o
Loyl alawly & g5 oyl ,> .(Jacobsen et al., 2012) 53l oo o yo Codgaze b 1y 3, Shas adgs wils (s Job 15 Ol 5908
&ly 3 29 a2l a0 LB YL 5y b g paiS pl)l 4 Connd calio 3)Slas L olS 5 lsie & g2 olS WIE caelunsl oo
9 99550 e (Oml Sy90 0 b Sl 1 03 (3 ) (pizeen) Wliide 0jen w23 lapians 3 e Al lsie 4 o>
5> olS ol gy ol 5 (Ryan et al., 2008) cusl 5 5l iy sl i o6 g3 3,Skos 45 Cal 5l 1 38 155US ol
oSl s 2513 133,Slas il 5 CulS 15 s e & A g o bl > (S5 & Janio ol S, (e &
e 3 (S e (Sl (WA (i b dw 9 g2 (dopS) djlse il Ol gyl SUiS dor g St 3L 21,
o ok e sl i cpl ol 51 (Chang et al., 2022) w0 jleds 4 2ly) LS W)g g &l 5, Sles oaimd ials Jolge
Turner-Hissong et ) sas o )18 130 cov |y HblS ged g ud) &S Conl Slea (whie )d (5 (o Foduzy (oL 3 b (Suis
(al., 2020

loaisS 255 0 (LS 5> (ROS) (508 Jlb slaiss a> I o a5 cgo (st G5 plo wilen (S5
5 (Gill and Tuteja, 2010) wxyles 35l sl ol yaumgs S 5 Wiy g «SutlSs (sloiusl o Johos (gl &y Bl o (53auT Jlod
(s 2ouS) St sl JsSlso 5 ST (elo S, 31 (550 JUb (slotisS 25 ool 3 Sdplie Jols pae el
5 il oila] i b ablie can LS (Powell et al., 2013) cusl ond LS (spuST om0 o J00), 5T eigons]
098095 lasly SlysSl GYBE Ggansd 28] jym) (ol Gl 28 ol (sl (58] Jlb sla SIS0,
5 (sl s ol 0igbglS GlasmSTyy JoSUE oy (158l GlSen) lysSulgynms lSsn, lygSuls,nms gge iSs,
khazaei ) sl o (1525 5 Wl 5 (iutigp e slodsmsl ghsel aSgSI ¢ S8 LS 5 0158slS cpus] S psSsl) o T8
S35 (S350 el 0 Koy i 03y |y b oA (5 Ll bl Jlse IS 15 4 (et al., 2019
o 3Sles 5 45) Sl e Coleg 0 a5 )b Ll adg g 8y i U &S eSS 3 J5SUge 5 oliands
(sl 5 2 oo blod 1 ¥l ity 5 e 5] 5 GBS iy iy (il 42,51 (Ashraf, 2010) 393 o Jpuaons
yob 4 ol el cle & el); v > K55 £95 Jg (Nevo & Chen, 2010; Ryan et al., 2011) w5,ls o jpé g (sam

1 - Reactive Oxygen Species



(u.m”.u—uo.l.c)\fd [GT) fumb)‘cr e,m‘bf 5)55‘0‘)'-'-‘ Jl&gyiﬁam_“ i FYe

Wl o..b)’ i Jud 5l Jese deluel baslys b olS ol (6,85l 50 IS sbul Coge ol (pl 5 sl oids D500 (glodislsd
(Zahravi et al., 2011) 59 oo (g jpue oy g b glaw

Tad) Sy slacs S (Y AMF) )Y gSgyl 1580 @) () sodes 5 (ol 05,8 s Jolis (529,500 (i) (255 ailo
SlaS 5 ) b (LS 48 36 b)) sl (ke (gla gy i (k8 0AIS Sl Cunjod pomgiy (T 9 (PGPR)
oxd plol 5080 L PGPR e (sladioS b PGPR L (5555 048 S pomgie) AMF-PGPR alox I (09500 iliee
5 Sa3elen Sluogas bl 3 a5 Casl olS Ky aty, GBI S5 | (cladlate gz, (VAR i pd S 5 y3y (olopSe)
(PGPR) _2l5 13, S e slas xSt (Lugtenberg & Kamilova, 2009) 3.5 o )8 150 cov sy duwg SB ol
Sl oS ges g A3,y 69y e @lpl Lol S e b g ool S5 SolS lalS ady, 0 45 witwa (65l5] (ola g S
sokar by 9k S b baggeyen Wi Jolnel laclind JModl 3o)b I waditas jod j5b 4 Cunl (S0 PGPR Lt 0
Spsil8)ls S ol &y S8l ol Clled 5wy goi (I3 5 (i jolis 5 o G (Rl38) oS mudsilio  paitene
Sl b 2Ulg5 cpl led S o5 (LS Glaggl JpuS a1y olS Al ol (Sae b 5 998 ol Ay S 28 Gge ke
23 o Hials 1y loe 1 ohewd (gladgS e Wl 15 )l olS 5 Slae g S (gi5diols Doy ogad > (g)5kiS o oYL
BB o SialS g oy e Lol Bl Jame o) (5ol § ol plie Sl 3408 .(Pérez-Montano et al., 2014)
(Shahbaz & Ashraf, 2013) L e guxs sl (£55LS (slys pae 1385 95 5 5 S (s Sn90 5 Lyoyiod

ol 3 s e ogllan Jo ol) G olond (slarodles Bpan 3 pSede GRS L Bl Bua b () a3 Bpae
& (Soidom sodgS plgis cos B Mbe o)l (65,5 4 059l (Ghaderimokri et al., 2022) 1] o jlos 4 IS
Siddiqui ) 5L o g ke «55)5Li5 (28] > S Sl s (2315 o5 JUub g 0055 sl J> ol (e osllae 5 b Ol
i g ogMe CanlmdgS o ol Cose 35 (13l (P ssap 4 5SSl Jdas (SB 4y I lse a5y (et al, 2022
5SS dget Sl SClld LS () £95 4 SeS (LS (b 445 L culite Ml (G900 4 (2l polie (el
(Siddiqui etal., 2008 5 \YA: « (yiwl) o) 398 o Cguie (Sjglon slad5S sblje (3 pioen ) Cannj baee cuodles Laio>

g 15y 5l (U (el D31 L1 5 g 5955 3l ) et el (slialy ) psl gl g j2y95ee S el eolitd
Hlogs bl 5 500550 daly & Cagbo) Gl 4y SS9 05 Juab BT (Sts (55 51 Sl 55 9 Shw Oygeo )b g
3 coilas olaio 4y gy cnl jA8l (oo Geiow ol gl sl Az 1 i)l 3y90 Slio (65 031l By Sl )8 5 ST
DRIl ooy poglhae plsie 4 (s ladgS bawg adgS ol I (pide (5Kl dolerd ladgS So Sl i B s
3580as 3 (3005550 5 13y S e Slog L) (unj S35 b pogas > plagilojl 45 bl sl e il 3 Sles
S S5 86 s Gl oy ol by ol )3 sl 0uits plol dilaie ) gl Cadgame bulyd )3 g2 pB) S5 oS
4 Joto 5 ol pB)) Ol (Sts dai (31)] 50 S 5 s I3l ISl g pgly sl g 5205k 5l edatal L g2 pB))
4 Jgl Jlo otio pB)l g iS5 (oS 3, SMas 12 poly yaogils S g 05See @B 51 s 5 b (slopadli bl (St

RWICRIN

Wigs g9

axlllas 390 dilato

o8l el )3 Lal a0 WWAAAY el ela Jlo > @lidos o] can JBds 4 Jod)l odls ¥ jzoghS 13 (clas o 55 iulojl ol
9 Sy Job dBd V5 g a0 YV oldliss claise b jie V208 Lo pdaw 3l gl sl 50 o Sl das oinlejl lyal e
ags & pladl 5l L8 ol s Bl Y Jolis 3 g (s 0)90 Job 10 (ge> Clastiv (Ml o Jlod (e 4l YA 4 45 )0 ¥F
S (Bt Jitto olStalojl & g 00d (5l paig03 (600 5Bl =Y+ G Sl ptalej] (sl Jome 5l alas sty SIS 5l ulS 5
ol oxd Gl Y Jgas 3 Ol 9 S Olidss duwge Joliio cla iy, (bl p Liolesl Joe S cla Sy

1 - Arbuscular mycorrhizal fungi
2 - Plant growth promoting rhizobacteria
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1 - Stress Susceptibility Index
2 -Tolerance
3 - Mean Productivity
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Study of the effect of irrigation, mycorrhiza, and azospirillum on the
quantitative and qualitative yield of barley varieties

EXTENDED ABSTRACT

Introduction

The combined use of Mycorrhizal and Azospirillium lipoform in order to provide a part of the nitrogen
requirement of the atmosphere and reduce the osmotic effects caused by spreading nitrogenous fertilizers as a
road, as well as reducing the effect of drought stress at the end of the growing season and helping to absorb
moisture through mycorrhiza and evaluating the effect These bacteria and fungi are one of the innovative
aspects of this research through the evaluation of traits. Therefore, in order to prevent excessive consumption
of chemical fertilizers, replacing part of these fertilizers with biological fertilizers is considered as the most
desirable solution to increase yield. Since experiments on the effect of biofertilizers (growth-promoting
bacteria and mycorrhizae) on the quantitative and qualitative performance of barley cultivars in water-limited
conditions have not been conducted in the region; In this regard, this research by reducing the damage caused
by the effect of drought on barley cultivars by using Mycorrhizal and Azospirillium lipoform and the
possibility of increasing the cultivated area in semi-arid lands, selecting sensitive and tolerant cultivars to
drought based on tolerance indicators and determining the effect of mycorrhizal fungi. and azospirillum
bacteria on the quantitative and qualitative performance of the selected cultivars of the first year.

Methods and Materials

This field study was conducted with the objective of reducing or alleviating the drought stress effect on
yield and yield components of barley varieties by applying biological fertilizers in two consecutive years within
the framework of a split plot randomized complete block design with three replications. In the first year of the
experiment, the main plot was irrigation at two levels (normal irrigation or full irrigation during the plant
growth period, and irrigation until 50% of spike stage) and sub-plot was barley variety (Kavir, Valfajr, Nusrat,
and Yusef). In the second year of the experiment, the first factor was irrigation at four levels (full irrigation
during the plant growth as the control, irrigation until 50% of spike stage, irrigation until 50% of booting stage,
and rainfed cultivation). The second factor was biological fertilizer application at four levels (Azospirillum
lipoferum growth-stimulating bacterium, Mycorrhizal fungus Glomus intraradices, combination of
Myecorrhizal and Azospirillium lipoform, and control). The third factor was barley variety at three levels (the
superior and the susceptible varieties selected from the first year experiment and Abidar rainfed variety).

Results and Discussion

In the normal irrigation conditions (non-stress), the maximum grain yield was 7775 kg/ha for the Kavir
variety, and the minimum grain yield was 5650 kg/ha for the Valfajr variety. In irrigation stress conditions
(irrigation up to 50% of spike stage), the maximum grain yield was 6209.4 kg/ha for the Nosrat variety, and
the minimum grain yield was 4167.7 kg/ha for the Kavir variety. In this research, the Nosrat variety had the
maximum tolerance against stress among the studied varieties. However, the Valfajr variety showed minimum
drought stress tolerance. According to the results of the first year experiment, two Nosrat and Valfajr varieties
were selected. The results of the second year experiment showed that applying Azospirillum lipoferum growth-
stimulating bacterium, Mycorrhizal fungus, and the combination of Mycorrhizal and Azospirillium lipoform
increased the grain yield up to 2.02, 2.38, and 3.31% compared to the control treatment, respectively. Full
irrigation during the plant growth period compared to irrigation treatments up to 50% of the booting stage and
rainfed cultivation increased the grain yield by 4.43% and 10.04%, respectively.

Conclusions

In general, the Valfajr variety was selected due to the lower percentage of grain yield reduction compared
to other varieties and the superiority of this variety in terms of stress sensitivity index, and this variety has the
potential to become a suitable commercial variety.



