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Abstract

Background and Objective: Chickpea (Cicer arietinum L.) occupies the largest cultivated area among legumes in Iran.
Therefore, this research was conducted to investigate the efficiency of soil application and foliar spraying of zinc sulfate
and humic acid in dryland chickpea production.

Methods: This field experiment was carried out using a split-plot design within a randomized complete block framework.
The land was divided into 4 blocks, and each block had 28 plots. The main plots included the control, soil application of
zinc sulfate, humic acid, and zinc sulfate + humic acid. The sub-plots included the control (without foliar application),
foliar spraying of zinc sulfate, humic acid, and zinc sulfate + humic acid in a single application at pod formation and in
two applications before and after flowering.

Results: The highest zinc content was obtained in the soil treatment of zinc sulfate along with foliar application of zinc
sulfate before and after flowering, which showed a significant difference with the control. The highest pod number per
plant (12.5), grain number per pod (1.1), plant height (67.8 cm), 100-grain weight (34.9 g), root dry weight (12.3 g per
plant), node dry weight (4.6 g per plant), nodule number per root (11.4), grain yield (1431 kg ha!), biological yield (3365
kg ha'!), grain nitrogen (3.6%), and grain protein (22.5%) were achieved through soil application and foliar spraying of
zinc sulfate and humic acid before and after flowering.

Conclusion: Among the soil application treatments, the application of zinc sulfate + humic acid, and among the foliar
spraying treatments, two-stage application of zinc sulfate + humic acid before and after flowering, had the greatest impact
on the yield and yield components of chickpeas. Grain yield in these treatments increased by 34 and 55%, respectively,
and biological yield increased by 30 and 32%, respectively, compared to the control.

Keywords: Biological yield, Foliar spraying, Grain protein, Grain yield, Soil application.

How to Cite: Rashidi, S., Ranjbar, F., Nezami, S., 2025. Impacts of humic acid and zinc sulfate application on yield,
yield components, and uptake of nutrients in rainfed chickpea (Cicer arietinum L. cv. Mansour). J. Soil Plant Interact.
16(4), 17-33 (In Persian with English abstract). https://doi.org/10.47176/jspi.16.4.21721

Copyright © 2025 Isfahan University of Technology, Published by IUT Press. This work is licensed under a Creative Commons
Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/). Non-
BY NC . . " . . .

commercial uses of the work are permitted, provided the original work is properly cited.


http://dx.doi.org/10.29252/ejgcst.9.2.1
https://jspi.iut.ac.ir/index.php?slc_lang=en&sid=1
https://portal.issn.org/resource/ISSN-L/2783-5014
https://portal.issn.org/resource/ISSN/2783-5286
https://creativecommons.org/licenses/by-nc/4.0/
mailto:f_ranjbar1980@yahoo.com
https://orcid.org/0009-0001-9838-4529
https://orcid.org/0000-0002-2648-4969
https://orcid.org/0000-0002-8329-5849
http://dx.doi.org/10.47176/jspi.16.4.21721
http://jspi.iut.ac.ir/article-1-1712-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21721 ]

https://doi.org/10.47176/jspi.16.4.21721 NV=YY V() N fe¥ olS 5 S Ly,

oS 5 S Ly,

https://jspi.iut.ac.ir/ :asldead v.(al:- FE W
YVAY=OYA? 1 o5 xSI L 0oV F-YVAT :LLs

@':’-" ols &Ji’: 3 °J-§L‘~° Sl ‘>J-<1-"-° P RCED) Ol gw g Ko gp Aol 5,8 :‘l‘

(Cicer arietinum L. cv. Mansour)  gais o3, o3 3556 53

w% eJLﬂ}ﬁeﬁdJ &3‘} “5"‘".’.*:"') r‘,@.&

Q\J;”‘ ul.:u'l.a)s 46)") alf.i.'vb ;L;J'JJL.LVS oSy (S Lf"'w 9 C_,l.ﬁ— cjjg
f ranjabr1980@yahoo.com; f.ranjbar@razi.ac.ir : g ;S Sy oJ stms ok 53 %

OF XV o0 )b O FoX/2/TR 16 S35 sl N Fof/DN il 5 G ,b)

e A~

oty il osls polantl s 4 Ol ol s Olg oy 1y CiS 5 cla.N i (Cicer arietinum L.) > 55 1B g g5 e
A el s 5 5 W55 Sosen dol 5 6y D g 2L sk 5 S5 pme oS o) s L gl ol

3 el Sk Sl 4 e S bl ol S slas s B s s & L;LAQJSCJEJ oslaad b glasy5e iyl cplila g,
5 Sz Aol (Sa) DM S 08 (Soopr Aol 5 G DU ) dals Lol ol o S s o S TA GLls SL s
(GadNe al o) s S 53 G W g (AL shoee (G2 shoms O5) dals Jold o 3 Sl S 5 Soosop ol + (555 Dl 50
335 S5 5 Seoped donl + 555 Sl g ELdploe 5 Cus 53 5 K3 Sengen Aol 2L e (23 IS Sl e 5 i) o 53 50 5
R et

AS.\J.MTCMA:A{&MJf)'lMJJiﬁdjjawyﬂ@&igdjlmo\ﬁﬂagéj)awrdrm S ke 5o gy e o 2y c_l.'a
@l Ao 03 (e Bla FVIA) & CL&.I)\ O SMe s ls slaas (VY/0) &5 4 53 e slad oy i ddls dald L (g)ls pme 3D
S S VIFY) il s S «0V/F) w5308 slaas (W50 53 0 8 F/7) 0 8 St 035 (W3 53 0 S VYY) ) S 055 (p S TF/A)
L;ZL;J}\N)uSl:‘-;J.{)Go\))'\(.,\..pﬁ\‘\‘/())4.3\:w‘ﬁjﬁ:)(wﬁ\”/?)43\:ijjr.fi‘()L*&A)Afjfjl:i\‘\‘?a)&jj}ﬁ:/&wg()m);
ol Gz a4 23S 51 e 5 e Semsed Al 5 535 Ol g

ol sl 53 3,8 c3bd ke Slasled 53 5 Koo sen Aol + (S35 DWW s 3,8 (G rme S Glaslasd (e 3 1S (5 S ams
3Shas 5700 5 VY g basle ol s wls 3 Shee il 555 3 S lirl 53 Shee 1 280 o i (a3 S 51 i 5 i)
A A bt 4 S ITY Y e e

sibd e ils s Shae (K555 3 Shas (b a0 S ls 5y 1 IS (glaely

©NVE+F ol Olghosl mio of&ils o ot ckizen ] L] G

25 T 03 ot Il d Eules b s Al @ e bl by OT Sl (ool e oslinal g5 58 5 0k s 5 Pl o Al ) @ @ @
1l e

Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).



https://jspi.iut.ac.ir/
https://portal.issn.org/resource/ISSN-L/2783-5014
https://portal.issn.org/resource/ISSN/2783-5286
https://creativecommons.org/licenses/by-nc/4.0/
mailto:f_ranjabr1980@yahoo.com
http://dx.doi.org/10.47176/jspi.16.4.21721
http://jspi.iut.ac.ir/article-1-1712-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21721 ]

d‘k‘ ué)ﬂwﬁﬁd}J wajus:ﬁ‘”.h -\:.w‘ ;,_.,lsjfts

YWTTPY: B E-LE S QUS| KV SR ROy ]
S G ol sl i S K5 e s
S 15 Sz olpe 58 e i) Loy LOT Ll
3ol Sl 5 Al 5 bis b e gla WSS
iy anwg Jald s JBT bl e J S 15 obe ol
S e Lt (00358 Sl 5 oS el oo G
b e 5 s LT L Rl et 5 5 ol &
31 .(Al-Shareef et al., 2018; Dawood et al., 2019) ..l
W5 el 4 e dsle 0555 551 GRIP G s
(Khan et al., 2013) 535 o 00 g2b Coo o 5 Lb5 IS

23 5 Sl OB 2008 (§ 5,0 21 ols Bl (S S5
.MJ@J;:;boutﬁf&:}'muj\r;jgsﬁr;dgvo
LS5 e e 5 35S s s 62 SR0 525 i
A 3 S S0 sm W S L sl )0
S0 3308 s Bl Jsb 5 S 035 SRIB o e
= 3 oy Yo oS ol sl Ji51S 5 sl Sler b S
Lotfollahi ) dcus a=lse 595 35S L Olg (65,5LES la
LB (s s il oS opl LY 51 S (etal,, 2013
3508 505 G 3 el S 3wl 344Ul eslizal
s e 5L pH s 4 LG Sal sk s g,
ol Sl gl b OF Qe GRS s ol s
3,8 1 ol Slel ps oplelis bl ol Sl e
.(Graham and McDonald, 2001)

Slaibinl o5 5 g5 CUAS 3 mejla S elisle 3 ol
o3 OloslaS 51 p s CiS S pame ol 5 ol 535 5
2335553 Slas (S 550l mhaw s bl Ol S
oy 3 3 elS @R s s el oS T fl5e 5 ok
SA5 A Ll 5 o (gdra s oz S 5 S gon sl B 2
L sl onl ool iy 3L axdls Jpamma 5 Shas (21330 o
S50 DWW (ALd o 5 (SO ae DS o) p Sa
SUTeSl Ol g 3 03 23 3555 A5 53 Soagn ol 5
12 S plamil oliile S Ol s KBl 2

OLer 5 e,

4o do
e Sistan Gbla s (W 058 8 e 0 5
S L e 5 ol ol (Sl Ols 53 5 355
Janmohammadi ) col o315 jolawtl s g a4 Ol 5 01,0 52
5 g eSS iS00 Sl a5 oS ol et al,, 2018
Yadav et ) 5,8 o &oyo Lol 53 0T W5 dojn 80 5l i
07 ks ol e Olnl G 2l )3 5555 (al, 2007
QS o5 das ey a4 e Gble 5o 5 0 e S
Borzabadi ) .S . Wl 53,5Li8 N\,\; 05 oo sl S
Oyl 53 Jgaes ol 2S5 ch« .(and Farahani, 2012
3 80ee Sle 5 05 l5a YA0 W5 b S Slse 000 Ll
G s s BB b a8 ol s s e S LS OFF
ol a8 (e 53 55k 209) Sl 5 Slas (500
.(FAOSTAT, 2016)

oM Kl e e Lils s gle jole Cupie
Sheslamal sl anils s s Shae (il 5 (glodiS s
S 5 e 0l Blas 4 gl A8 i a las S
S S 3l g Sl G ol G LS
Slr sty JB o (St JTslge JalS w55 5 oS Sl
03 olaBl o5l 5 Jyame Sose e S plol-
g g s S e 5 S (55,5LS lagts S|
DS 15 e Tl ge S5l ealinal oS iy e 5 4 55 ol S
Heng et ) Lisw 55 s 5 RB sk & 1) ploed slas S
s Slos Laim gl adlais 05l Jb= oyl b (al., 2005
LS o 455 bt Sbaa S Saeli S St STy J s
Janmohammadi ) . ,ls S s L;T Slge bad 4y WS4y
etal., 2018

2 Sl JTglassS 5l sl denl 5 Soapn A
ol .(Kahraman, 2020) L5 0 ©sme HlLL (55,5L0S
Lols o s 558 SlaSE o b b 4 (Sases ol
sdul sy 4 A Lia Logisa JTslpe w313

IS o S QLS LIS s b b ke 5k 4


http://dx.doi.org/10.47176/jspi.16.4.21721
http://jspi.iut.ac.ir/article-1-1712-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21721 ]

OLSen 5 ()

\f'—‘\‘/fJLﬁ a)w/rﬁé;du JLA/AL;JJU- Ly,

(5LAJLQ~:: BE L;\LLiJjbm (5‘)‘ salaze! 340 Q.El..c« 9 ('}‘}
hdse o ol en Lol e 5 gl S
v.?&_g@;(bﬁ\é}é})&b&%)loh@\@h&ﬁ

OF o S5s et 5 S ()15 545 ged

Y 5SS wsed S S S3leslal 51
A e ST sy AL o
i polie Jald S sed plend 5 Sosd s Shs
Wolee @ondS Dby 50 (S AN Uy 5 PH ey 5 Sl
HB e 5 S 5K T oty Ghed pslie 5 JT S
.(Rowell, 1994; Jones, 2001) Lo (5,831l o zws

Sl g g bl (il Olles
W (al?dl SR @By > 5 o sl eslanal b ma sl
plnil 035180 e 4 V¥ o) RARL &b s sk ol
5ol 258 S 3 p SAS YO (i L Oljes 23S
Pl e 3 03 S Slkes i eslizal 5 Sl s
1288 el s Spge w3 sbacile Lojole 5 S
A w3 B Yo g oS5 03 SSE )
oslatul Sl gtaly o SLojske Sl 5 ol 8 e 513G
e Vo B0 by il oS Gl i bls)
Jgamn Sy 5 Ad O e oyl 355 SIS s ijl:S YO

..,\.ivkqg}\u:.w:c))y‘\.g\\‘o\‘ﬁ;‘fU_sbj;'-\‘\/vﬁ

s Shes gl 55 Shas guns
s edd bl Bl g 4 s Ve Slaas (O S e
O3 ey Kt Oy g gi)) ol G550 98550 lio
sl ol (65 Sae Dliw 5y s o S sluws 50 8 i
Ol 5 wls Ao 059 9 SBMe s wls sli W e 5y BV
OB 5 S b el (055 0 Sl Jald SO g5 50
2 S5 3 Sles 5 als 5 Slas a5 S e3l0l &ls

L fss g0l
b3l b 5 Ol el o
SUTeSl Ol s coliile S Ol s slas sz 53 Silesl ol
Vo) ol b o 5 oS Sl (oo A w8
Y7 aWlir dsb 53 s 250 adlave s S 1l VoY
a3 TV bl (50 5 (35 BTV 5 adds ¥Y 5 e o
Los o 51 e V¥ gl L Jld ol 10 5 ad3s OF
s e 53 e ol SoL IS Oljes sl 0 &
lsa slos aeS 5 i (xSl 5 2 dus Foo N FoY-) Yo
B2 o sk a3 A 5 T/ N0 Ll S S

oA B s elds 2 o S Do ask
kol Sl S s ol 1S e b sl WIS (clacs
Yo Ol 4 G pmnSlt gy Slilpu (0 als (Ll Lol
T Ol 4 S Sesen dool (& OS5 0 S48
Seoger Aol 4 gay Sl (s LS s 0 S4lS
5 S 3 eSS 5 Yo Ol & S S O anss
(O (b 5) ale (1 bld e slao s
Sy i 028 5 shle by Sl b 3] e
S0 DWW b (LALd sles (7 (0318 OLej) (slal o
S s ) Gl s Do w0 ) o p S s cllE L
23 p S 5 skl b Shages el b 3bd ke (F (23 S
b Senger ol b 3L slee (0 sl 106 50 40 2
L Sbdslos (8 glad o3 gm0 1) 5o 0 S 5 s
2 oS 2 babkle b a Sapn dnl + 5, Sl
S5 S b calidsloe (V5 lal> 0 S50 4 2
Cogo h 53 e S 53 G hle b s s Seses donl +
Jod S S TA Sk a3 s 5 pl K gl e
Clalb s cdbogms dol o S ke o 2 b o S s
035580 55 MY ol il glacs S S slaas oS5k Sl
g GranS bl sy S Al 5 g S
(e 22 S el S G 5 O S DS s
L bglos S L g e e oy Gae b L S Lo 8


http://dx.doi.org/10.47176/jspi.16.4.21721
http://jspi.iut.ac.ir/article-1-1712-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21721 ]

d‘k‘ ué)ﬂwﬁﬁd}J wajus:ﬁ‘”.h -\:.w‘ ;,_.,lsjfts

OLer 5 e,

(\feo) Jlu ‘oj.iv.f.« L;L"w:})) SR e A8 e Sk u.:l.:.a.:.ij u‘ilj:ﬁ 6“;;}1) A Jj-b-
Table 1. Physical and chemical properties of the studies field soil (Sarbekuh village, 2022)
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Table 2. Means' comparison of morphological and yield traits of chickpea plant under the influence of soil application of zinc sulfate
and humic acid
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(Zn: Zinc sulfate; HA: Humic acid); Dissimilar letters indicate significant difference according to LSD test (p<0.05).
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Fig. 2. Means’ comparison of grain nitrogen percentage (N) under the influence of soil application of zinc sulfate and humic acid
(Zn: Zinc sulfate; HA: Humic acid); Dissimilar letters indicate significant difference according to LSD test (p<0.05).
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Fig. 3. Means’ comparison of grain nitrogen percentage (N) under the influence of foliar spraying of zinc sulfate and humic acid (Zn:
Zinc sulfate; HA: Humic acid); Dissimilar letters indicate significant difference according to LDS test (p<0.05).

o3 Gy 3 ATan, 2003) 555 o olS Lo Glie obie e 5 ans I 1 el 5 i (el el il i
J,:SSU s 2 25 Qls s O3 deyd g’)‘)ii.—ﬁj}: ola s cadny Ly das S Ol oS Ll Jsles 55 w
aals 53 g9y Sl g 5 oyl &_éjaﬂ.d‘}).l{c:iljdujw S5 ey Gladle b Sopen ol 55,8 6lS 5 Slas

L Ol Jllie i 5 cpteS 5 L5 S 5,158 do s WXV ol 3 gy o ge day sad sk LS (i3 5l

Y4


http://dx.doi.org/10.47176/jspi.16.4.21721
http://jspi.iut.ac.ir/article-1-1712-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21721 ]

OLSen 5 ()

\f'—‘\‘/f)Lﬁ a,L«:«/‘.M;.sL: JLA/@L;JJU- Ly,

—J5 ) s e o Sl b SLd e Lol e (5,
O dals s (@f Yoo 4 ng;:»\//\\))l..\ia RS 5 A
s gme Mastl UG LLSD 0 ge3] bl oS ol oo
Sl Ol 45 das o OLES ame ol (p < o/00) dizdls
s a Say DWW 38 L s wls s )
O iy ol Lol abdgee 5 G aeSE
Yoo ys ¢J§&Lf FIXY) a2 5555 &ls 55 gy Slde op 2
S G35 Dl g S 55 S YO Sles o 15 (6 5
Voo 53 p 8 o YY) dals ) ol Ao ;3 YAD S Lsy sl
Aol hls slajles 5o ails (g5, Hlde .Sl ol 53l (Df
Soleimani and ) 5 S Iy ol dald 4 Cod 50 Koo sen
L $os 5 55 ol (e 2iw wds (Asgharzadeh, 2010
4 el e S dosl (AL plons 5 B paeS 5 8
3 Seaged Lol b (658 a0y OUIENS ) s anes
Lol Aile 35 IS 50 O35 b oz DS 5 Ol s>
o S 53 3z se Glag Bl 5wy St 5 L S sen

.(Shreelatha et al., 2020) 5 5.5 osl>

SHERRR g
ook Al s n Ol (Wl wp m el
5 O ae S il slasles ol ST 56 cos Jls e
Sy Jl S J s pSese)) 55 5 AL o
ald 53 als B 0 Hlie 50 Sl gae Cdw ol e sles
Ole L5 O Sl Wiy, 5 cdls L5 Aoy VYWY B 40
SIS O Easn g O les il glasles
OS5 s k3 (Jd o S ile plaadsn SIS 5 G S s S
SN 5 S FLa Jsloes sla i 5 3057 ael sladl
Khanetal.,) s S lay il 58 S gun Aol 5,018 31 5 550
Sl 3555 50 hoa oS 515 OLES 5y G 4 (2013
e 5 OB O3 OOE Sl 5 o310 il e S g
oS 53 gl ot ol (I s & s 5 Js S

5955 &l 55 lAde (El-Bassiony et al., 2010) &> S

J.)J‘)}T\:A.NJM&‘}‘)&;)L&L!)M"‘é)j\)[.m:;j.)\.ﬁué‘fv?:jsb

.(Soleimani and Asgharzadeh, 2010)

Gls bty 5
sl iSen 5 Lol LU ol s s bl
ogms dls hed Ol (Sl gloee 5 B paa S il
Sl 4 by e (Aoys o/FA) &ls Jid Hldie o mies 350
Senget Lol b (2L slome Lol jan Ko pop sl b pma S
Al LLSD Ol olol r oS 35 038 5l oy 5 oy
ol a5l O Kk sl OLES (65 e L3St La Lo
52 0S5 Olpee 4 Seagen dosl 5,508 el 511 6lS s s
Wsls 0L doys o) Olppe 0T il gloms 5 Sbs o S 4ks
S Sl ol iyl (eamen (Khaled and Fawy, 2011)
G e canl b S QLS (85l s S A
.(Jindo et al., 2016) »,\>

d el ey e oS 303 QLIS Laesls (gobel 4 il
by [iSea s 5 Jol LSBT 5b cou s me b
R B L N
VVE) 0l ol Sle o iy oS 315 OLES Cilisn slalas
Dok Soogd dewl G a8 Jles 4 by (o)
sy dabli g bgy e (o ss ©/VA) ke o S 5 (o2l sl
Lxils s gme Vel KuSs L LSD gall ulul oS
Shle slaes S oxils s 4 Shoger Aol (p < 0/00)
oy S3lela) o pe Ll o (SASENS 5 S S
Rousta and ) 555 olS (gl OF enl p il 3l 5 ol cos
.(Enayati, 2019

<l 59,
Sn 5 ol SBT S 5l 0L aesls bl 4
Ay Sl Wl Gy Ol o3 e glajled
Gl (gay sMde iy oS sl 0L Laesls d&u dwo s

C)Lﬂjj—w QJ@ALSB- )Lo.:; L (c; Voo DL V;L;L:A Y/O\Y)


http://dx.doi.org/10.47176/jspi.16.4.21721
http://jspi.iut.ac.ir/article-1-1712-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21721 ]

6‘}?‘ ué)ﬂwﬁﬁd}J waa‘gus:ﬁ‘,:.h -\:.w‘ b,_»)‘S);:"U

Sloles JiSen e STl 035 Soesen ol 5 555
o3 e 3 Shee syl 53 Shoe 2 (A sloe 5 S paeSI
3 S Obojen G ol Sl o Sles e om0
— 05 N s e S el s Sl 2L sl
ol wns 53 0338555 AET & 5L el s 4 s
o) Sl Sisrans bl 53 5550 55 0t 53 405 g ke
Sl S b ol 5 plad lasS e ials
Sl 3 S sy DL iash o) sl sy
5 SaaS Gl 4 e Wl ST slessS 5 lagsdie

Sy a3 3450 LS

Z -

ol 0 S C,'.:QL:!').) ‘;&Lﬂﬁd‘ﬁ.& 9 (g2 "
él.‘..a alas

(oasi b ale slas €8 e 1)l Oledl s 8t 5

References

OLer 5 e,

dol Gy & o3 VA/F=YY/Y wals s R R332 2
S 5 S Sl gt ol Sl 4 bg e jlds o i S
Soleimani and Asgharzadeh, ) >4 Jald 4 by o jliie
38 Ll gs oyle ol 3550 €l 55, luis (2010
w5y Sapes dol (’;}L«S \We 540 Foco mshau
sk SIS Aoys Yo/OF 5 YOIM Y/ Yo YANVY 55
I 5l e G el ol » -(Kahraman, 2020) c..!
el Soml lasss S 5o s Jie Seps Al

Y 345 éh{s\; s Sldze Ji‘i‘j—é‘

S S 4o
Dlospn 3,18 (0 panS b slaslags (3 65 3> 0L s
il Gyl o s s S Lol 5 g S
(2308 31 o 5 o) OT (gl o3 3 0518 ¢ 2L slous
zils s s Shee gl 53 Shee 1y b o
5300 5 TYF Ol 4 o e bl opl s ails 5 Shas
& o Lops VY 5 Ve Olie & o ia S35l 5 ,See
b S 3 8 e Ol e e cpl i s S T 58l als
S (S (e 5l i 3 S I 2 2L sl

o.:U.‘.’.w‘.:_)y cL«O

1. Abbhari, A., Gholinezhad, E., 2019. Effect of humic acid on grain yield and yield components in chickpea under
different irrigation levels. J. Plant Physiol. Breed. 9(2), 19-29. https://doi.org/10.22034/jppb.2019.10441.

2. Al-Shareef, A.R., Nakhlawy, F.S., Ismail, S.M., 2018. Enhanced mung bean and water productivity under full
irrigation and stress using humic acid in arid regions. Legum Res. 41(3), 428—431. https://doi.org/10.18805/LR-362.

3. Armin, M., Moslehi, J., 2013. Yield and yield components response of chickpea to time and different levels of humic
acid foliar application. Agroecol. J. 8(4), 1-9. (In Persian with English abstract)

4. Ayas, H., Giilser, F., 2005. The effect of sulfur and humic acid on yield components and macronutrient contents of
spinach (Spinacia oleracea var. Spinoza). J. Biol. Sci. 5(6), 801-804. https://doi.org/10.3923/jbs.2005.801.804.

5. Borzabadi, V., Farahani, 1., 2012. Effect of supplementary irrigation and foliar application of zinc sulfate on seed yield
and its components of chickpea in Arak, Iran. J. Crop Ecophysiol. 5(20), 43—52. (In Persian with English abstract)

6. Dadkhah, N., Ebadi, A., Parmoon, G., Gholipoori, A., Jahanbakhsh, S., 2015. Effect of spraying zinc on photosynthetic
pigments and grain yield of chickpea under different levels of irrigation. Iran. Dryland Agron. J. 3(2), 141-160.
https://doi.org/10.22092/idaj.2015.101295. (In Persian with English abstract)

7. Dawood, M.G., Abdel-Baky, Y.R., El-Awadi, M.E.S., Bakhoum, G.S., 2019. Enhancement quality and quantity of
faba bean plants grown under sandy soil conditions by nicotinamide and/or humic acid application. Bull. Natl. Res. Cent.
43(1), 28. https://doi.org/10.1186/542269-019-0067-0.

8. El-Bassiony, A.M., Fawzy, Z., El-Baky, M.A., Asmaa, R., 2010. Response of snap bean plants to mineral fertilizers
and humic acid application. Res. J. Agric. Biol. Sci. 6(2), 169-175.
https://www.cabdirect.org/cabdirect/abstract/20103157609.

AR


https://doi.org/10.22034/jppb.2019.10441
https://doi.org/10.18805/LR-362
https://doi.org/10.3923/jbs.2005.801.804
https://doi.org/10.22092/idaj.2015.101295
https://doi.org/10.1186/s42269-019-0067-0
https://www.cabdirect.org/cabdirect/abstract/20103157609
http://dx.doi.org/10.47176/jspi.16.4.21721
http://jspi.iut.ac.ir/article-1-1712-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21721 ]

KIFICOCIPRER - VEo¥ /sl led / sl dlu/ olS 5 S Ly,

9. El-Ghamry, A.M., Abd El-Hai, K.M. Ghoneem, K.M., 2009. Amino and humic acids promote growth, yield and
disease resistance of faba bean cultivated in clayey soil. Aust. J. Basic Appl. Sci. 3(2), 731-739.

10. FAOSTAT. 2016. Food and Agriculture Organization of the United Nations (FAO). FAOSTAT Database.
http://faostat.fao.org/site/291/default.aspx.

11. Gad El-Hak, S.H., Ahmed, A.M., Moustafa, Y.M.M., 2012. Effect of foliar application with two antioxidants and
humic acid on growth, yield and yield components of peas (Pisum sativum L.). J. Hortic. Sci. Ornam. Plants 4(3), 318—
328. https://doi.org/10.5829/idosi.jhsop.2012.4.3.262.

12. Graham, A., Mcdonald G.K., 2001. Effects of zinc on photosynthesis and yield of wheat under heat stress. In:
Proceedings of 10™ Australian Agronomy Conference, Hobart, Tasmania, Australia.

13.Heng, L.K., Cai, G., Ramana, M. V., Sachdev, M.S., Rusan, M.M., Sijali, I.V., El Mejahed, K., Mohammad, W., Sene,
M., Prieto, D., Issaka, M., Moutonnet, P., 2005. The effect of soil fertility, crop management on carbon-isotope
discrimination and their relationships with yield and water-use efficiency of crops in semi-arid and arid environments. In:
Nutrient and water management practices for increasing crop production in rainfed arid/semi-arid areas. Proceedings of
a Coordinated Research Project, IAEA-TecDoc-1468, pp. 15-41.

14. Janmohammadi, M., Abdoli, H., Sabaghnia, N., Esmailpour, M., Aghaei, A., 2018. The effect of iron, zinc and organic
fertilizer on yield of chickpea (Cicer artietinum L.) in mediterranean climate. Acta Univ. Agric. Silvic. Mendel. Brun.
66(1), 49—60. https://doi.org/10.11118/actaun201866010049.

15.Jindo, K., Soares, T.S., Peres, L.E.P., Azevedo, 1.G., Aguiar, N.O., Mazzei P, Spaccini, R., Piccolo, A., Olivares, F.L.,
Canellas, L.P., 2016. Phosphorus speciation and high-affinity transporters are influenced by humic substances. J. Plant
Nutr. Soil Sci. 179(2), 206-214. https://doi.org/10.1002/jpln.201500228.

16.Jones, J.B., 2001. Laboratory Guide for Conducting Soil Tests and Plant Analysis, CRC Press, Boca Raton.
https://doi.org/10.1201/9781420025293.

17. Kahraman, A., 2020. Managing the humic acid Fertilizing of chickpea and protein status. Selcuk J. Agric. Food Sci.
34(1), 107-110. https://doi.org/10.15316/SJAFS.2020.202.

18.Khaled, H., Fawy, H.A., 2011. Effect of different levels of humic acids on the nutrient content, plant growth, and soil
properties under conditions of salinity. Soil Water Res. 6(1), 21-29. https://doi.org/10.17221/4/2010-SWR.

19. Khalili Mahalleh, J., Roshdi, M., 2008. Effect of foliar application of micro nutrients on quantitative and qualitative
characteristics of 704 silage corn in Khoy. Seed Plant J. 24(2), 281-293. https://doi.org/10.22092/spij.2017.110804. (In
Persian with English abstract)

20.Khan, A., Khan, M., Hussain, F., Akhtar, M., Gurmani, A., Khan, S., 2013. Effect of humic acid on the growth, yield,
nutrient composition, photosynthetic pigment and total sugar contents of peas (Pisum sativum L.). J. Chem. Soc. Pak.
35(1),206-211.

21.Liu, C., Cooper, R.J., 2000. Humic substances influence creeping bentgrass growth. Golf Course Manag. 68(10), 49—
53.

22. Lotfollahi, M., Nezami, M.T., Satari, M., Mohammadi, A., 2013. The yield of wheat affected by zinc fortified seeds.
J. Agron. Plant Breed. 9(3), 81-88. (In Persian with English abstract)

23. Maleki, A., Khalesro, S., Heidari, G.R., 2021. Evaluation of quantitative and qualitative traits of chickpea as affected
by biofertilizer, nitrogen, and humic acid in dryland condition. J. Crop Prod. Process. 11(1), 83-94.
http://dx.doi.org/10.47176/jcpp.11.1.35941. (In Persian with English abstract)

24.Najafi-Ghiri, M., Ghasemi-Fasaei, R. Farrokhnejad, E., 2013. Factors affecting micronutrient availability in
calcareous soils of Southern Iran. Arid Land Res. Manag. 27(3), 203-215.
https://doi.org/10.1080/15324982.2012.719570.

25.Rasaei, B., Ghobadi, M.E., Ghobadi, M., Najaphy, A., 2012. Effects of Rhizobium, Mycorrhiza, and Humic Acid on
Yield and Some Physiological Traits of Chickpea under Supplemental Irrigation in The Kermanshah Region. MSc Thesis,
Razi University, Kermanshah, Iran. (In Persian with English abstract)

26.Ravi, S., Channal, H.T., Hebsur, N.S., Patil, B.N., Dharmatti, P.R., 2008. Effect of sulphur, zinc and iron nutrition on
growth, yield, nutrient uptake and quality of safflower (Carthamus tinctorius L). Karnataka J. Agric. Sci. 21(3), 382-385.
27.Roudgarnejad, S., Samdeliri, M., Mirkalaei, A.M., Moghaddam, M.N., 2021. The role of humic acid application on
quantitative and qualitative traits of faba bean (Vicia faba 1L.). Gesunde Pflanze, 73, 603-611.
https://doi.org/10.1007/s10343-021-00581-3.

28.Rousta, M.J., Enayati, K., 2019. The effects of humic acid application on yield and yield components of wheat and
some chemical properties of a saline-sodic soil. J. Soil Manag. Sustain. Prod.. 8(4), 95-109.
https://doi.org/10.22069/ejsms.2019.14096.1778. (In Persian with English abstract)

29.Rowell, D.L., 1994. Soil Science: Methods and  Applications, Routledge, = Oxfordshire.
https://doi.org/10.4324/9781315844855.

30. Sassi-Aydi, S., Aydi, S., Abdelly, C., 2014. Inorganic nitrogen nutrition enhances osmotic stress tolerance in
Phaseolus  vulgaris:  Lessons from a  drought-sensitive  cultivar.  HortScience  49(5), 550-555.

Y


http://faostat.fao.org/site/291/default.aspx
https://doi.org/10.5829/idosi.jhsop.2012.4.3.262
https://doi.org/10.11118/actaun201866010049
https://doi.org/10.1002/jpln.201500228
https://doi.org/10.1201/9781420025293
https://doi.org/10.15316/SJAFS.2020.202
https://doi.org/10.17221/4/2010-SWR
https://doi.org/10.22092/spij.2017.110804
http://dx.doi.org/10.47176/jcpp.11.1.35941
https://doi.org/10.1080/15324982.2012.719570
https://doi.org/10.1007/s10343-021-00581-3
https://doi.org/10.22069/ejsms.2019.14096.1778
https://doi.org/10.4324/9781315844855
http://dx.doi.org/10.47176/jspi.16.4.21721
http://jspi.iut.ac.ir/article-1-1712-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-02-15 ]

[ DOI: 10.47176/jspi.16.4.21721 ]

e Sl o Ses 2 60 CUWam 5 Seasr Aol )8 S OKer 5 g4

https://doi.org/10.21273/HORTSCI.49.5.550.

31. Shabani, R., Armin, M., 2017. The effect of foliar application of urea and humic acid in rainfed conditions on yield
and yield components of chickpea. Crop Sci. Res. Arid Regions 1(1), 77-88. https://doi.org/10.22034/csrar.01.01.07. (In
Persian with English abstract)

32. Shreelatha, Bhat, S.N., Balanagoudar, S.R., Kmble, A.S., Rao, S., Beladhadi, R.V., 2020. Response of chickpea to
application of humic acid along with vermicompost on uptake of nutrients, yield attributes and yield. Int. J. Curr.
Microbiol. Appl. Sci. 9(1), 2306-2312. https://doi.org/10.20546/ijcmas.2020.901.262.

33. Soleimani, R., Asgharzadeh, A., 2010. Effects of Mesorhizobium inoculation and fertilizer application on yield and
yield components of rainfed chickpea. Iran. J. Pulses Res. 1(1), 1-8. https://doi.org/10.22067/ijpr.v1il.6316. (In Persian
with English abstract)

34.Tan, K.H., 2003. Humic Matter in Soil Environment: Principles and Controversies, CRC Press, New York.
https://doi.org/10.1201/9780203912546.

35.Yadav, S.S., Redden, R. J., Chen, W., Sharma, B., 2007. Chickpea Breeding and Management, CABI Publishing,
Oxford-shire.



https://doi.org/10.21273/HORTSCI.49.5.550
https://doi.org/10.22034/csrar.01.01.07
https://doi.org/10.20546/ijcmas.2020.901.262
https://doi.org/10.22067/ijpr.v1i1.6316
https://doi.org/10.1201/9780203912546
http://dx.doi.org/10.47176/jspi.16.4.21721
http://jspi.iut.ac.ir/article-1-1712-fa.html
http://www.tcpdf.org

