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Background and Objectives: The amount of macronutrients content is
affected by various environmental factors such as severe water stress
occurs after anthesis. Using of Azospirillum brasilense as a biofertilizer and
crop residues for increasing soil organic matter are the two methods for
reducing water stress in the farms. However, despite the favorite effects of
Azospirillum brasilense and crop residues application for reducing negative
effects of water stress, a few studies have been performed on regarding the
effects of these factors on macronutrients uptake of barley in the warm and
arid regions of Southern Iran. Therefore, the aim of this study was to
investigate the effects of Azospirillum brasilense and wheat residues
applications on macronutrients uptake of barley.

Materials and Methods: This research was conducted at the experimental
farm of the Darab agricultural college of Shiraz University. A split factorial
experiment in a randomized complete block design with three replicates
were carried out in 2017-2018 growing season. Treatments included two
levels of irrigation as the main plots [normal irrigation (IRy): irrigation
based on the plant's water requirement up to the physiological maturity and
the other factor was deficit irrigation (IRp)): irrigation based on the plant's
water requirement up to the anthesis stage (cutting of irrigation after
anthesis)]. Also, sub plots were two levels of crop residues [1. without
residue, 2. returning 30% of wheat residues to soil] and four fertilizer
sources [No, no nitrogen fertilizer (control); Nygo, 100 kg N ha™ (as urea);
Bio + Nso, Biofertilizer (Azospirillum brasilense) + 50 kg N ha™ (as urea)
and Bio, Biofertilizer (Azospirillum brasilense)].

Results: Interaction of residue x nitrogen (N) source on barley grain N
content showed that the highest and the lowest grain N content (161.7
and 43 kg ha”, respectively) were achieved in without residue and the
Bio + Nsg and in with residue and Bio treatments, respectively. In addition,
the straw N content was affected by the interaction of irrigation regime x
residue x N source. The highest N content of straw was obtained in IRp,
with residue and Ny treatments (62.9 kg ha‘l) and the lowest was achieved
in IRy, with residue and N, treatments (5.7 kg ha™). The highest grain and
straw phosphorus (P) content (1.35 and 1.12 kg ha™, respectively) was
obtained by the Bio + Nsy and Nyg treatments, respectively. The irrigation
regime x residue x N source interaction showed that the highest and the
lowest grain potassium (K) content (12.6 and 4.0 kg ha™, respectively) was
belonged to IRp,, without residue and Nio treatments and IRp, with

Yy



residue and Ng treatments, respectively. Also, irrigation x N source
interaction showed that the highest K content of straw (114.4 kg ha™) was
achieved in IRy and Bio + Ns, treatments and the lowest K content of straw
(33.3 kg ha) was observed in IRp, and Bio treatments.

Conclusions: Based on the findings of this experiment, the Bio + Nsg
treatment is appropriate for achieving the maximum macronutrients content
of barley in IRy conditions. Therefore, with respect to environmental and
economic considerations and achieving high levels of barley
macronutrients content, this fertilizer regime is recommended.

Cite this article: Niazi, Maryam, Barati, Vahid, Boostani, Hamid Reza, Bijanzadeh, Ehsan. 2022.
Effects of Azospirillum bacteria and crop residue application on macronutrient uptake of
barley under water stress conditions. Journal of Soil Management and Sustainable
Production, 12 (2), 23-43.

@ OIS © The Author(s). DOI: 10.22069/EJSMS.2022.19274.2029
[T Publisher: Gorgan University of Agricultural Sciences and Natural Resources

)3



Sl adgi g S Co e @

YYYYATIY gl LS
YYYY-VYYO :odbi s

%&’U‘”"iﬁk‘a’

D pan g A0S polis WIS g1 (ALT GUGI g ol o 3T (5 5L 3 1,15 il
ST o Tl g 38 92 ol bawgd

ie:‘}b}ﬁ Ol g“‘;ﬂ.':...oﬁ (PR We g"%‘;ﬂjg A g g\‘.;jl,} mr

M.Niazi.1989@gmail.com bl .olul «lyls e ol 2ils (5535815 81 05,8 Al gl ;8 i gal il )
v.barati@shirazu.ac.ir :asbLl, .0 1 «lyls Gl o Kiils (6595515 8 058 o sts odies 55 .Y
hr.boostani @shirazu.ac.ir :asLLl, .ol sl «olyls Gl el o K2ils (wliSs o5 S ¥

bijanzd@shirazu.ac.ir :asUL1, .0l ol «lyls Gl s o &Kiils (5595815 81 o5 S 8

oS> Alas SleMbl
Ll 5 aler Sl Jaowe il elye Sbcon G s, julie e tdde g ablu Wl g g

Sl s e 35S Olgsan plw_w,j AL Sl eslinal 5,8 o 513 AAS Sl e oI R ke B Wl
S g bl A3l e pl5e s ST 5 RalS e s ) Ll by S ST esle

.. c . . VBN Y el s L
gy&;}jtﬁytﬁ)iﬁa\.ﬁufmﬁ!fpl.&ébbuﬁ&a\fa\u\j\4...:4) 2 &Y

< . . L o L . FRRVARVAN N PRI
}ffk'lw-j)‘ dJ'SLQ\j‘ ORISR ui‘)‘ o ‘U'«"J"L"' | sz 8 o Q\ﬂ\ 29T

P . . . - P ¥ RRVAR VAL UECRON VR iy
.)_fﬁeL:S)JfoaAﬂﬂt&fﬁd‘jbwﬂéﬂ}W.]qlﬂ).sdbl.ﬁdli\.b. wj.e;

L.ou_é;Ld J»SS}L Cj.lo g.,JGJA Ji)}fsu ;;.;l;.wl SRPwYe JZA}J“;“ Q—L‘ :\Auijjj.ﬂ_,.a

Il 53 31t ol&ils =y b e 5 (6355LS 0aSTESls lisdond 45550 3 LIS 4 (IS slaesly
5o deld Gl cnl o boled il plsil (S5 (5)) o olS g5, 2 \YAT-AY ol wls oy
S bl bl (T a5 05 llas (LT V] ol el Olgsas )l g e
S 36 bl el (T ) ikl oS Y 5 S5 ss Sy b e B olS T i
Glaole (i on 5y [(AAS oo 51 g )l i) aalS W o (sl U ol W 097

AL Ll A3 ¥ 0 85 =Y 5 Ll Bl V] alS Ll e 5o el o
5,08 =Y LS 3 035 5 0SS Jho tals V] (5355w sler 5 [ St 4 (paS olS)
Skt O3l @ a5 L (05555 doss £ op5) S poa S 3 03555 oSS Ve
D\ie 4 035 2 s (Azospirillum brasilense) rﬁwﬁ AL 3 il eslaal —Y
3 (03555 do s £ o 50) &) gots SUSa 3 05555 p S kS 00) ol S35 25 5L s

3 [ sh sl 6 SL L L, il —¢

Yo



DA oS als 0L &ls O35 Glsmee O35 e @ L (RS I laadly
SAS 5 il 58 5 Ll Gl Jleas 5o QLSS 0 SELS VIWY) wils 035 55 sl giee
salin w55 5 Ll jpd sl 5o O e SHLS £7) €ls 05 %5 (slsme Ol e
3 O5a s e x Ll x ol iSan e oS 05555 Slye correr A
WW/A) O3 35S 5 Ll i 5 ol 5 Sl L3 oS 0358 Sl on S e 23S
dals 5 Ll i 5 ol 55 sl 3 oS 03550 lsee cpFeS 5 GUSa g SLS
eSS VTO) wils jied (ol giome Jlaie 5 VL el sty GG 0 S 5hS 0/V) 055 50
2 pSAS V) oS il glyme Jde VL 5 (AL 58 Sl 4 bpe QS
sl OLAS O35 e x Lla x Solel SiSen s 0355 555 slad 4 b e (LS
VW) OS5 58 s Lle Gl 5 T a5 Jls s 4l ooy Slsme 5t S
dald 5 Ll Bais 5 T 55 Sl 3wl el gt (508 5 GLSa i p SALS
O35 e x ol iSem 3 momen el sy (GSa 0 S4LS £/0) 055 %
Collae bl e 53 OGS o SHkS WVE/E) olS ol (g (5 St oS 513 0L
ol 5 e 03 (S p S S YY) Wl olsy (gl s Olsoe 00508 5 Akl 355 5

A edalie ;;'wi) D}S}

Sl 4 plaws ke il 58 Sl (bl opl gbasl bl g S
4 g L ‘Q’l\fft". RGIw g.,w:t.a &:leﬂj UjUzA .]zl‘f.u BE t_")f.a.aj.; J,.,ol.'& Lg\_,br.a
Cﬂl “—éj"a‘“ﬂ: J‘aL’& Lg\jor.a L;YL ija..ﬂ “ A.ffk’?t““'é K] L;JLAJ.;] ‘L;‘:"‘C'*"-LJ e

Al o s LB 6355 sles

= AL L g pob gyl 6L o5 b O F)) las] oslie i b jamas « Sliwg (g ¢ Sl oo o5k bl
FY-FY () VY ‘)/J.ILI .,L../}.’j S S ko 4.1).‘.“_"_,’41 ) Ja)‘).w )0 9> OLS .‘a,.uy dfa.o).’ ‘S'L)..c )GLC u»
DOI: 10.22069/EJSMS.2022.19274.2029

© - 55 s e 5 e S 0

1



OlKed 5 (55U m2 50 [ v (LS (SLLs 5 ool a5 58U 351,15 53T

Glag, St & Whesls oLz (0 5 4 A WY
350 e 35S Ulpea &S Ois eSS
ghv S b Al e S e 3 eslind
e ole 5 Ol ap Ol 6 S wly,
Aol 5 el s 1 S s A, e Mg
Gl iass O, bl sl e ol A5 os
2 ek ssl 55U AB 3550 55 S 63l ey
Sl o ploil i bl 3 OME sl 5 L
3,08 SISl g oS Sldlas (V0 54 AV 0)
Gbls 3 g olS 3 Gymey uole Gl O
iasn bl (plply el 4B S el i
el L s Cla..d Ll g5 oo any ol )3 ('fl"'
NN EPIRAY @\f BERTLETIN) @Lﬁ shils 5 esls
BRI RNCH [ NP I PP P

OVl S T esle Jltde 2l g l5e
S N SRS r.).:f bl o bosde oV
S el J s ol LOY) 548 e okl Lo
SIS c b Llg e S 4 Ll ) 0058
Ol 5 V) esls JLlssl 1) aey5e S o &j
PSws Sepl bogoedls rals 1 ol i e
lagtasn 3l G o gl s i
S b Rl S bl S eslss sl
Q8 37 ol sl plnil Sb= s ol S
5 Ble sy ml bl dle Olges
Cel AlS Lle 5l eslimal (YeV0) blS
b Sl Bl s Ga s ialS
wioy Blblasb s Skt OF il 5 b jmals
Sl 5O W Sesaas 5 Sis Lld s
bokld gl St s alS Ll 5l eslan
o 3 S e glag St el 5 iS5 6l
sl Ol,slas eslanad s glags St
XS o ald L a3 Ol gk s
Sl a5 edle Ll O350 (opl gl L(V0)

Yy

EVRU

G2 pobe (p et el 5 S QA
33 i RE 035 Adea OALS 4dx
Sl e S Mg L ab 035 Sl
Il Oe e S <=l.> Slp o slads cas ()
obe Gl 5 ke ols e 4 0T 51 gl g
Jolie glyme (a5l cpl oo (Y) ol OT wils
Ol 5ol s, e Sole 4 Lo s
(asia psba Al oS OBy
O e 31 ke g ol s wls ol (¢l g
oy93 dab 55 oS S5 Jib s Sl Lsle
() cl Gls ol 5

DL s Skl e ule Ll il
S sz 53 Ly Smee Gl St L edd =3l
05 pole Odo W)l il sdewy SU o4 (godae
23 Sy R e 5 ez ) Vb S
A2 Al Rl A3l e S e Gl Sl
5 Cubis ol 5 edlS glayl LS5 gl
Sote dr Ypeme Al Cose bty b
el SR e 2SO0 1 s 4 e
Fore e s Al Cebks JLlBl 4 by e
s QLS s ady) v Wl 4 by e 03550
5 gl GRIP L edle (8) ol 6 SL L e
Gl Sl 5 68N Sl wady; (
S S SL psam 3 pole Ol Ol
LSt Lol mil ol add slgiy 4,
5wty gladshe gl Joly Al cor e
S Dgd o ey d ada; 305, Sl L5
aiyy s e ole Ol il 4 Sl oyl
(8) 358 o e

2ol S s gl s, ol S
Olyeas ook 53l (650 51 eslinal Ko bl

A @) OIS sk 3l e (0) el s 2SS



V€Y Y a)h».fs NY b)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

alises CL.A 9 (:.;\5 n\.:? L_QL.{LE; JJ.ULS CJ\J}'\
sole Gleme 5 (lesd 5 2ewd) Osd

.Jﬁj}:e‘.;&_éj.mﬁ

9, 9 S0

robe Glgome o Sla b JCagn

(ﬁmﬁj S spam 55 oS 55 e
awie 53 (S i lala s a8 sble
bl b mle s (5sliS e ISAs e
5 ST 508 Ll s ub) 5l oSl
WA sl b s Jles 00 s YA LUl a5 e
ARV e e s (s e sy
JolS Sk b B s Lot el oo
Ghls olyls aikie A5 |l 1SS e U sl
sl sdeady (Sike hls 5 Sax gl pasol
sl s ol Carsy il e e e Yoo UL
ool ) USE  WAT-AY els Jle s adlaise
53 S Sl Jee S dsed 4 bl ol

el skl olis J_}Ja-

C— 1 Rainfall
=== Tmax

—%— RH
60 A

Temperature ["C)
Relative humidity (%)

Sep Oct MNov Dec Jan Feb Mar Apr May Jun  Jul

O e Al a5 S ke glags SL
A 55 wile Lagg SL )3 35 5o slaslS 5l abanlsa,
dalpt Al ol mau LI A, Osee
oS by ole Cds jldie ol b o 5 A
(\-\ 9 Yo N AY Y O Q4 J\) "bkid“ u:.il‘)ﬁ(
C;U L (\V) J)‘J LSL?- L uT L;us\).e L: va..ﬁj.’;.md
cladle I 3 5 (V4 5A) ey Ol & P
b 3l (YY) Lt . él&;—“)’\»&\.’é Seals o
Sl gble j jole Ol falS (g0 Cle

(YV) &S o LS,
SAL S sl
o5 e alS s alS L s ek el

2 el ol S ey Sldlas olais 5

A

)¢J§ d.lal.w BLEE - eLs x_éf.a.aﬁ JnoL& Ls‘j:’”’

[—
- =t} = Tmin 2017-2018
—— Sunszhine duration

- 450

- 400

Rainfall {mm)
Pan evaporation {mm)
Sunshine duration {h}

Aug

‘;...Jsla",l:)‘gb.h‘_;b:%}ﬁg@S&ﬁlﬁ&&U—ﬁ})ﬂ)}éd}bsﬁwﬂﬁéggd\zﬁb;.\.?)\.g—\ JS.J«
AYANYAY el dle dgb s

Figure 1. Monthly rainfall, pan evaporation (E), sunshine duration, mean minimum and maximum air
temperatures (Tmin and Ta, respectively) and relative humidity (RH) during 2017- 2018 growing season.
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Table 1. Some physical and chemical characteristics of the soil in depth of 0-30 cm.

Characteristics S - e
Unit Amount

Sand e % 38.12
Silt S % 44

Clay 23 % 17.88
o.C. oS % 0.97
O.M. Slesle % 1.68
EC A ol LB dsm? 1.09

pH el 7.42
Total N JS 05s 5 % 0.08
Available K o S8 ey mg kg 320
Available P o BB jid mg kg™ 10
Fe oAl mg kg 5.67

Mn e mg kg™ 16.72

Cu o mg kg 1.69

Zn S mg kg 0.66
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Figure 2. Interaction effect of wheat residue and N fertilizer source on N content of grain (kg ha™).
The means followed the same letters are not significantly different at 5% probability level using LSD test.

No, no N fertilizer (control); Ny, 100 kg N ha*; Bio + Nso, Biofertilizer (Azospirillum brasilense) +
50 kg N ha™ and Bio, Biofertilizer (Azospirillum brasilense).
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Figure 3. Interaction of irrigation regime, wheat residue and N fertilizer source on N content
of vegetative parts (kg ha™®).
The means followed the same letters are not significantly different at 5% probability level using LSD test.

No, no N fertilizer (control); Nygo, 100 kg N ha™; Bio + Nso, Biofertilizer (Azospirillum brasilense) +
50 kg N ha™ and Bio, Biofertilizer (Azospirillum brasilense).

QL 5o oo sy o (YWV) e 5 Sl
56355 b SRl L s S s 3 S Lisls
il SRl elS 055 5 slgee ol 15 sl
05033 08 555 K3 Easn 53 (owes (T0)
355 pobw Ll L S oy Dse l 4w

(FE) ol Sl 3l elS 055 2 slsms O35 %0
(Y U)ol 35 gl il jhmd (g goun
25 Sl psba ails il (gl s oS ls OL
0355 555 3,8 e doss ) b e
eSS V) Ui 558 B ae o8 S 1S
o+ + f)li;x,—w}jb il 555 (S 3 05550
Ad Glyms 5 QS 3 05520 0 SSLS
Al s Cad o3 YA 5 YN Ols s | €l

(F Jads) Losls sl 58!

Yo

355 35S an STy ol il 3 s

gl 5 o2 Ll s 2l 55 S 5 055,
s opdle Ll Bl 2 51 5t Ul sl
355 5,8 Lli H sl pde Ll 3 3 S5k
A oS O lseee Rl 35S 5 055 %
9 Lol dald 4 Cs Ao YA 5 4Tl o
Vot o e baphl Bl Ll sl Ll s o
Sl i US8) sl o Aoy TAA
3 050 35S slasles 3 15 6lS 055 58 Glsms
Ll jsmam pde 5 j5ml Ll 0 5o 340 58
b wthe Ll 4 Cad (ol pme ) ba
055,50 355 3l askiznl pe T3 s el 5l
Ll 55 o8 O glsee (e 255 5 (ald)
(VUK Sl el sl bl o S



V€Y Y a)h».fs NY b)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

OB s p S 5hS) s ol 5 &l Jind glgms » Ll 5 358 mio ol w3y 51T dgds
Table 3. Effects of irrigation regime, N fertilizer source and residue on P content of grain and straw (kg ha™).
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Means in each column followed by the same letters are not significantly different at 5% probability level using LSD test.
No, no nitrogen fertilizer (control); Ny, 100 kg N ha™; Bio + Ny, Biofertilizer (Azospirillum brasilense) +

50 kg N ha'®; Bio, Biofertilizer (Azospirillum brasilense)
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Figure 4. Interaction effect of irrigation regime, wheat residue and N fertilizer source on K content of grain (kg ha™).
The means followed the same letters are not significantly different at 5% probability level using LSD test.
No, no N fertilizer (control); Ny, 100 kg N ha*; Bio + Nso, Biofertilizer (Azospirillum brasilense) +
50 kg N ha™ and Bio, Biofertilizer (Azospirillum brasilense).
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Figure 5. Interaction effect of irrigation regime and N fertilizer source on K content of vegetative parts (kg ha™).
The means followed the same letters are not significantly different at 5% probability level using LSD test.

No, no N fertilizer (control); Nigo, 100 kg N ha™; Bio + Nso, Biofertilizer (Azospirillum brasilense) +
50 kg N ha™ and Bio, Biofertilizer (Azospirillum brasilense).
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Figure 6. Interaction effect of irrigation regime, wheat residue and N fertilizer source on Grain Protein (%6).
The means followed the same letters are not significantly different at 5% probability level using LSD test.

No, no N fertilizer (control); Nygo, 100 kg N ha™; Bio + Nso, Biofertilizer (Azospirillum brasilense) +
50 kg N ha™ and Bio, Biofertilizer (Azospirillum brasilense).
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