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Introduction

Among the nutrients used by the plant for the growth of nitrogen due to its participation in the structure of
proteins, amino acids, coenzymes and nucleic acids are the main factors involved in plant growth and fertility. In
recent decades, a group of soil bacteria in the rhizosphere has been introduced as plant growth-promoting
bacteria that have been able to improve crop growth. In addition to the positive effects on soil properties, these
bacteria are economically and environmentally beneficial and a good alternative to chemical fertilizers.
Azotobacter and Azpirillum are the most important Plant growth-promoting rhizobacteria (PGPR) in plants that,
in addition to bio-stabilizing nitrogen, produce growth-promoting hormones such as auxin, gibberellin, and
cytokines. Modification of root system architecture by PGPR implicates the production of phytohormones and
other signals that lead to enhanced secondary root branching and development of the root system. Since
accessible water is the main factor limiting growth in rainfed agriculture, so one of the ways to improve nutrition
and plant growth is to use PGPR. Therefore, this study was carried out on the role of Azospirillum + Azetobacter
on root traits of new wheat cultivars in Ilam province.

Materials and Methods

In order to investigate the effect of growth-promoting bacteria on root system criteria in wheat under dryland
conditions, a field experiment was carried out as a factorial arrangement based on a randomized complete block
design with three replications at the farm station of Sarablah Agricultural Research Center during 2019-2020
cropping season. Experimental treatments include different wheat cultivars (Sardari, Karim, Koohdasht and
Rijaw) and treatment of different fertilizer sources, including control (without fertilizer treatment), 50% urea
chemical fertilizer (50% of required), Azospirillum + 50% 50% urea chemical fertilizer (50% of required),
Azetobacter + 50% N fertilizer, Azospirillum + Azetobacter + 50% urea chemical fertilizer (50% of required) and
100% urea chemical fertilizer (100% of required). Each experimental plot consisted of eight planting rows with a

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
ET distribution and reproduction in any medium or format, as long as you give appropriate credit to

the original author(s) and the source.

4 https://doi.org/10.22067/agry.2021.68851.1023



http://agry.um.ac.ir/
https://jame.um.ac.ir/page_46.html?lang=en
https://orcid.org/0009-0005-2932-4441
https://orcid.org/0000-0002-6569-3413
https://orcid.org/0000-0002-3055-6216
mailto:r.naseri@ilam.ac.ir
https://doi.org/
https://doi.org/10.22067/agry.2021.68851.1023
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/agry.2021.68851.1023
https://doi.org/
https://doi.org/10.22067/agry.2021.68851.1023

VPt bl Vo lods 08wl (55 )9bis bt pgo a9 pii Y 4A

row spacing of 20 cm and a length of 4 m. Nitrogen fertilizer (120 kg.ha*) was applied at planting and stalking
stage based on soil test. Phosphorus fertilizer was applied from triple superphosphate source at the recommended
rate of 50 kg.halat planting time. In this study, root length, root fresh and dry weight, root volume, root surface,
root diameter, specific root length, root length density, root specific mass, root tissue density and root surface
area density were evaluated. Experimental data were analyzed using SAS statistical program. Comparison of
means were done by Duncan test and graphs were drawn with Excel software.

Results and Discussion

The results of this study showed that the interaction between cultivar x fertilizer sources was significant in
root characteristics of dryland wheat, so that the maximum root length (115.6 cm), root volume (13.3 cm?®), root
surface (137.2 cm?), specific root length (46.9 cm root length.g™* DW root), specific root mass (0.0045 g of DW
roots.cm soil volume), root length density (0.214 cm root length.cm? soil volume), root tissue density (32.4 g
root.cm® soil volume) and root surface area density (127.5 cm?.cm?®) was obtained in Rijo cultivar x
Azospirillum + Azetobacter + 50% 50% urea chemical fertilizer (50% of required) compared to control treatment
(without fertilizer sources).

Conclusion

The results showed that due to the lack of rainfall in most rainfed fields of the province and also due to the
positive effect of fertilizer biofertilizer in maintaining soil moisture, improving the physical and chemical quality
of soil, to achieve proper grain yield in rainfed conditions of biofertilizer with chemical fertilizer Used nitrogen.
In this study, it was observed that in the combined system of biochemical and chemical fertilizers, the rooting
system increases so that the maximum root length, root volume, root area, root-specific volume, root length
density, root tissue density and root surface density was observed from Rijaw cultivar x Azospirillum +
Azetobacter + 50% N chemical fertilizer. Bacteria increase plant growth by affecting the plant by improving
physiological and biochemical conditions to increase resistance to adverse environmental factors in rainfed
agriculture. Therefore, the results of this study can be concluded that in rainfed conditions where the intensity
and fluctuations of rainfall are not predictable, having a strong root system can greatly reduce the harmful effects
of water deficit against environmental stresses in the region and cause an acceptable increase in the yield of
dryland wheat grain.

Keywords: Root diameter, Root length density, Root specific volume, Root tissue density, Root volume



S$399LS (wliclh p gy 4 g

Homepage: http://agry.um.ac.ir
pag p:/fagry R

VAV-YAA o VEF Blul oY oyled N Al

S (Triticum aestivum L.) r.x.f ‘:BJ! Slads o Slo a9 jlle w)
6555 s cl..o s 8

"o gl ple 5T 25 e el P ol s
VFARN/YY 13l s b

Vs KOSk s

VEer /o F/NY Jﬁv\i @)U

2SS

Syl gyl B )3 )1 oty ctolejl 2 Ll 3 pAS (Sl e (59 oS 15 0133l (slas Sy 8T ) olaiess
Jols ptalosl slm o s 12 WAA =88 ely5 Sl 5 pO] sl abls (65,588 i 35 p0 de )30 10 51,55 d b (ool JolS (slo
3 2o B0 0b) 03] alsosss 365 (355 o pae) Al Sl (6368 Ciliseo qulio 5 (5152, 5 CedangS w)S s ) pAIS Cilises £
AL ol Sl do )3 04) gl lumnd 2957+ 25Tl (6 ySLs oS Sl 203 B0 30l 0g) (leands 398+ el nog T (6 58Ty folS
Jols g3y cnl )3 )l 2090 Slio 39 059 b ol Sl oy Voo (ol g (U8 5l 203 B0) ) leans 358 + 5Tgiif + ol e/
Cdl o515 ey ogasie w ) Job o515 ) pogatte Job iy jlad iy aw iy o iy SIS 5§ (g i) Jsb
Job (@ ye pte Bl VYY) i) o (o yin 8l WWIT) ) oo (a8l VVOIF) ad) Jsbo (n yin 292 il o IS g 4l
sSee yin Bl y Ay SuiS iy p)S o+ F0) Ay ogatie wa adyy SIS G £S5 p ey Jsb pe il YPI) ady;y osate
5 (LS o> oSty adyy )5 YVIY) ) €l o515 (S oSt by aday Job yia il +/NIY) adyy Job o515 (SB o2
4 Cad 039) o 355 00y B Li5Taiil # el ppass ] 6y X gl 08) 13 (Sa il 1 qupe sio sl WWVIB) ady o S
Cl w515 ey Jsb o515 i) (ogasie po sy (ogase Jsb iy gaw sy w2 ) Job (S 5 (055 Span pic)ials
L gl 08) paiS oo bl 53 ool Cownay gl 4y dr g Ly )5 omliie (3957 G puno pis) L X ()l 03 o ) s (SIS 5 4
ol Ol el @5l Cunsay cudl | b 6 5 Shos w50l # el s ] 5 7Syl 3 ficuslio g 03 S (glady) B Ls & a2
By dlpidiy 1y o8

Ay jlab dly) (oguate woe iy po iy Job o515 ddy)y <l 1S5 gl sWaojly

> a5 039 QoL )3 (5y958 polis (ke I S B9 i s g . ‘
po 93 45 039 GlalS 13 (5908 polis (e S Se 059 S5 and S il 5 ol S s celien 5]

oS i 3l Gialan b g Sl conial (gutsl dlanlges
sLgS 3L e Sdio (2 (930 ol polateds 3,5 oo )1
13 Lmags ol Ao 5l s byune 5 el iy ol liand

oo oS 0395 (S T slge o llE gl (ol 4 azils )8

@M @Ml 6Kl ¢ g5y5liS 8aisly «lils g Mol g cely; 09,5 ¢ bobiwl =)
Crod o )55 ddas 1 Slglyd OMSie 5950 oo oo SY b poRlP 29 el g celyjog S,

Yyl
[EPa
(Boveiri s 8o Comjlnome (Sl g SLE - (9)Se el 5 S3sliS Ghigel 5 Sl e (b 5 ol psle s okl Y
sobds olS L5y sanlidl sla ¢ xSk Dehsheikh et al., 2017) Ol @Ml (s59LiS gy g Ghjoel «linios ool M) (anb
(Email: r.naseri@ilam.ac.ir 2 ghane 0wy — %)

sl Sl Wed o LS L) deun Cows pulians pu g pulians :
75 ipin kS 45 e 7 https://doi.org/ 10.22067/agry.2021.68851.1023


http://agry.um.ac.ir/
https://doi.org/
https://doi.org/10.22067/agry.2021.68851.1023

\f.¥ QL}'..M.QU Fojlods I w559l @»m P9 A yuiad Yoo

Css paS 1y o iS5l Lelse 5l (S5 ol sl 328
358 3l oyt e Sl Bam il e S Ll
P (slaciy) s 1 ol pepaos il § S5Ugi] s 535

Dy eed bld o pas

g 9190
s 2 0L 05 0ol sl Sl b )y pslitod;
Sygodn glae i inlojl (e pAiS anus pLS| ey,
PSS A by (Balad Lol oSl g)b B > L)es
oo L el gl allyw (g5)5liS ©lidod 5550 4s)je
ol WA - elys Jlo o byd e 5l 50 AVD glis)| o adds
iS5 gl ys) pasS Cilises o) Lol Ltsloj] (sl log .5
Byman pic) ald Jold (6355 cilie @lio g (gl 9 CudingS
xS (oL 5L doyd 0 (els) oyl (liowid 595" (595
SSL (oS 5l ko> B+ (3ab) 039) (Lo 395 #pmel ey T
xS ol S a3 B¢ ) o) sleons 355+ o5Tai]
5 (015 5 2003 00) o)) (aliasss 365+ u5Lgiil # pod s/
Gidy codtin Jolld &S ya g5 0y9l L ol 5l doyd Ve v el
Dy e Dl Ve S slacad, dlol 5 o e Jsbay culs
TS SB g ol e 51 (1H CRUMIY) 5Tl g el o]
5 $i9iS CLai>s 3550 jl paiS ilisee pB)l jdy 35 s
S J8 ) Jpics) S st PO gl e i
5 sl wogil 5y pAS Galises ) (gl ccelS Sllas
el s (59 4BED Ay Cdody 00 jlad yody) artel T
ol i ciS g (Bgd Sis B s ool )8 e 4
8 oslissl 350 (V Jgaz) S g3l bulyy jind g ()55
2SS 3 eSS W Gliseds 0yl @ie Sl ()595k8 295 38
355 b 03l yno; Ay (BBl £opd g CudlS plRn j0) dls o 40
LS 3 p)Se kS 00 liedny Ju b ©lind pgw gite ) ojind

W3,5 Gpan CuidlS o) 40 0l Aoy

S wlisagds 9 1S Uil ook pmail & s St ol
ek 5l S (Abbasi Seyahjani et al., 2017) >ge5 oLl
oS iy i ($35398090 23 S ook sl 5 S 536
o (g0 9 dugil (clad dyy s Liul3 8l L as odgy o\lsee
“o e pole 5 Ol Gl waly )3 g Ay e GlH
OhlSar 5 (eSS il e yo .(Askary et al., 2009) 5> 5
5> i pudly 4 S ules, S i )l5 8 (Cakmakei et al., 2007)
Cow 08 Wby oa)38l sl s,iSL L (Hordeum vulgare L.)
OS50 g )3 3,5 o Wy (49 5 Jobo (il
2ol eyl U (Triticum aestivum L.) pasS i b5 a8 o
0l didyy wloge 5 po> Liul38l o (Naiman et al., 2009)
(Karthikeyan et ai, (sbaygoyom yiul3l b diy ) dawgs oyl &S
(Mostajeran et al.,, Js3sp (osl,s puicen gal., 2007)

6)351_: )9_a.a> P P92 C_w); Ll 039 E.u)_n 2004)
(MathUZ 03 DL; Jawy u] uA> uu)l)s‘ coge /’}A.L)M}}[
Jdsas SB 39 WS Laslyis 4 Ll (& Sharaf-Eldin, 2007)
" Ay by (AB3gAxe crge JeuS g am JI03)) ol
(Amooaghaie et ,Lslsec (Mostajeran et al., 2004) »s,5
ol ade a s by L v slaslajimg jaal., 2002)
J_>])A JEl uo9_.a>4; 4_.»;) e Auu) c\]am.)‘ac\: c..\.\f:) 9 J).ilo.c
1331 s oS (gl s G G0 ) s
oy 0395 Cos ua)\fb o) swLQ(v 29 u.s‘.\.c .)l}a 9 u] uJ.>
Sy Cowl asuie a53] (RUSSO €t al., 2005) cul oai paiS
Ly ool Lo gLy 5l oolatul dawlgds LS (sl ys0,en
(Shaharoona et al., iy, Sis o5 Lyiulj8l 4y oxie olS
g o (Shaharoona et al., 2008) 4y, xdow 5 Jsb 2006)
«oiolojl (b ,> (Mostajeran et al., 2004) |, Ken 5l y>liuwe
5 05155 03 e Ll s sl (65T S0 )S S)l5S
g5 30 03,5 e paiS Ay odiiS sla )l o Cladsl sl
Sl o y)l58 (Cicer arietinum L.) 3556 (54, 48,5 pbx]
misine Gl ol gl (S 5SU gl )3 ads) e g Jobo oS
cals 4ol 4 as g U ((Naseri et al., 2019b) cusly )b

9 Cwl )1.))9_5)3 D bl).w 9 dh}iﬁ w.o.fb‘ )‘ bl.:f Aoy )L>L.u



Yo ceepisS o8l glaly ) v Gluogias g LSl w) ol Ko2 g (5 ol

w52 3590 pA5 0L, Slogas - Jgaa
Table 1-Studied wheat cultivars characterstics
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Cultivars  Source  Drought stress Release year Tolerant to lodging
NS i i
Karim b J 2011 J
ICARDA Tolerant Tolerant
Sbangs : oo 2000 oo
Kohdast Tolerant Tolerant
ol5s) oyl Joxio 2011 Joxio
Rijaw Iran Tolerant Tolerant
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Table 2- Monthly mean value of precipitation and relative humidity in Agricultural Research Field Station of Sarableh
during 2019-2020 cropping seasons
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Table 3- Soil physical and chemical properties (0-30 cm depth) of experimental area 2019-2020
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7- Special root lenght
8- Dry root weight

9- Root water content
10- Root length density
11- Soil volume

12- Special root mass
13- Root tissue density
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Fig. 1- Interaction of cultivar X fertilizer treatments on root length of wheat under dryland conditions
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Means in each column, followed by a similar letter, is not significantly different at the 5% probability level- using Duncan's Multiple

Range Test.
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Interaction between cultivarxdifferent fertilizer sources

23 bl s SO oIS Al o2 g2 (6395 iliie (S lowd x oy Sy Y JSUS
Fig. 2- Interaction of cultivar x fertilizer treatments on root volume of wheat under dryland conditions
doyd B+ 15T AZOLO + 509 N )59 yt5 (olowd 395 Loyd Or + pacd picwgTAZ0S + 50% N 59,55 (olbond 395 Aoyd 8+ :50% N wals :Control
595 (2lend 368 1o yd Voo :100% N g 559555 (obowsds 395 doyd> B + ,5Taij/+ packs pewg ;1:CO-inOCUlALION + 50% N 5955 (olbowsd 395
5 6l ime aglds Mo yd iy Jlos] prdaw 3 S5l (clatels iz 905T (sline LT oo S e By gl gt 0 &S e Sibe
Means in each column, followed by a similar letter, is not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Interaction between cultivarxdifferent fertilizer sources
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Fig. 3- Interaction of cultivar X fertilizer treatments on root area of wheat under dryland conditions
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Means in each column, followed by a similar letter, is not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Interaction between cultivarxdifferent fertilizer sources
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Fig. 4- Interaction of cultivar x fertilizer treatments on root diameter of wheat under dryland conditions
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Means in each column, followed by a similar letter, is not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Fig. 5- Interaction of cultivar x fertilizer treatments on specific root length of wheat under dryland conditions
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Means in each column, followed by a similar letter, is not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Fig. 6- Interaction of cultivar x fertilizer treatments on root length density of wheat under dryland conditions
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Means in each column, followed by a similar letter, is not significantly different at the 5% probability level- using Duncan's Multiple
Range Test
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Fig. 7- Interaction of cultivar X fertilizer treatments on specific root mass of wheat under dryland conditions
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Fig. 8- Interaction of cultivar x fertilizer treatments on root tissue density of wheat under dryland conditions
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Fig. 9- Interaction of cultivar x fertilizer treatments on root surface area density of wheat under dryland conditions
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