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Extended Abstract

Introduction: Water limitation under is one of the most important factors limiting crop production in arid and semi-
arid regions, particularly in rainfed production systems. Several criteria have been proposed to increase the resistance of
crops against water deficit. Application of iron nanooxide and humic acid can improve the performance of crop plants
(including bread wheat) under water deficit conditions. Iron (Fe) is an essential micronutrient that plays a key role in the
regulation of plant growth and development. The availability of Fe for plants is greatly influenced by the soil's pH level,
leading to a frequent occurrence of Fe deficiency in plants grown in various types of soil. Fe uptake in plants is also
severely affected under water deficit condition. Thus, the application of nano-Fe in various forms (Fe, FeO, Fe;Os, or
Fes04) under water limitation conditions may provide an efficient way of mitigating symptoms of Fe deficiency and
enhancing plant growth and agronomic performance. Also, the alleviation of the devastating effects of water limitation
in arid and semi arid region on plants using humic acid is an appropriate solution for sustainable, less costly, and
organic agriculture and plays a crucial role in reducing the impact of abiotic stresses such as salt and drought. Thus, this
research aimed to evaluate the effect of Fe nanooxide and humic acid on relative water content, electrical conductivity
and dry matter remobilization of the stem and shoots in relation to grain yield of rainfed wheat.

Materials and Methods: In order to study of the effects of nano iron oxide and humic acid on grain yield and quality
and some physiological traits of rainfed wheat (Baran cultivar), an factorial experiment was conducted based on a
randomized complete block design with three replications under field conditions of Khatonabad, Sarab, East
Azarbayjan, northwest of Iran during 2018-2019. The area is located at 37° 57’ N latitude and 47° 34’ E longitude with
an elevation of 1680 m above mean sea level. The area is characterized by a semi-arid temperate climate with cold
winters and moderate summers. Experimental factors included Fe nanooxide foliar application at four levels (foliar
application of water as control, 0.4, 0.8 and 1.2 g L of Fe nanooxide) and application of humic acid in four levels
(foliar application of water as control, 100, 200 and 400 mg L of humic acid) in tillering and booting stages
(coincident to 24 and 40 Zadoks codes, respectively). The bread wheat cultivar ‘Baran’ was employed in the experiment
with a target planting density of 380 seeds m2. The Fe nanooxide was purchased from the Pishgaman Nanomaterials
Company, Iran. The applied Fe nanooxide had an average particle size < 30 nm g and a specific surface area>30 m?.
To have a high-quality solution, deionized water was combined with Fe nanooxide and placed on a shaker with
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ultrasonic equipment (40 kHz and 100 W). At the stages of spike emergence and grain filling (coincident with 59 and
69 Zadoks codes, respectively), the flag leaves of the plants were separated to measure relative water content and
electrical conductivity.

The dry matter and remobilization of stem reserves to grain yield were determined as:

Dry matter remobilization to grain (g/plant) = maximum shoot dry matter after anthesis (g/plant)-shoot dry matter
(without grains) in maturity (g/plant)

Dry matter contribution of assimilates to grain (%) = [remobilization/grain yield] x 100

Stem reserve remobilization to grain yield (g/plant) = maximum stem dry matter after anthesis (g/plant) — stem dry
matter in maturity (g/plant)

Stem reserve contribution to grain yield (%)=[stem dry matter remobilization/grain yield] x100

The SAS software was utilized to conduct the analysis of variances and mean comparisons. The interactions and main
effects were tested by applying the least significant difference (LSD) test at the probability level of P < 0.05.

Results and Discussion: Application of Fe nanooxide and humic acid at the highest level, increased plant height
(23%), 1000-grain weight (20.9%), and relative water content at ear emergence and grain filling (42.5 and 37%,
respectively) in comparison with no application of Fe nanooxide and humic acid. The highest level of Fe nanooxide
increased ear length (7.4%), grain protein and iron content and grain yield (by approximately 27, 10.7 and 27%,
respectively) in comparison with no application of Fe nanooxide. More or less, similar results were obtained for humic
acid application. Though, application of Fe nanooxide decreased dry matter remobilization from shoot and stem (74 and
30%, respectively) and contribution of remobilization to grain yield (22.4%), compared to no application of Fe
nanooxide.

Conclusions: Based on the aforegone findings, foliar application of 1.2 g L of Fe nanooxide and 400 mg L* humic
acid could increase grain yield and quality of the examined bread wheat cultivar under rainfed conditions, due mainly to
improving some physiological functions and thus grain yield attributes.

Keywords: Dry matter remobilization, Electrical conductivity, Foliar application, Relative water content

How to Cite: Ebadiyan D., SeyedSharifi R. The effects of iron nanooxide and humic acid on grain yield and quality and
some physiological attributes of rainfed bread wheat (Baran cultivar). J. Crop Product. Process. 2025, 15(1), 89-105 (/n
Persian). DOI: 10.47176/jcpp.15.1.258513

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

@ @ Copyright © 2025 Isfahan University of Technology, Published by Isfahan University of Technology press. This work is licensed under a
@ commercial uses of the work are permitted, provided the original work is properly cited.


doi:%20https://doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
doi:%20https://doi.org/10.47176/jcpp.15.1.258513
http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

DOI: 10.47176/jcpp.15.1.258513 A=)+ 0 . o o) o,led 10 es3 V60t o2l 5 uslys oY pummme 6515 5 )55 a0 0

-~

NP P RN SR S SR PP m
https://jcpp.iut.ac.ir/ 4, i Sl amio AU el Sligiaza 5518 9 g3

S5 Slhe S g dls AS 5 oS 5 Shes p el Sioger g alunSI 50

d‘)l-: vj) vg.: f.).f

Y e S g5y 5 OLsle s yls

T O 035 w3 oS S5 g Sleo (B 5 wls S 5 oS 3, Shes el S gop 5 AT SIS S0 ) plien —0 eSS
A8 WFAV-ATAA Lo 53 Ol Sl gt 3LT OB sy 40550 53 1SS a5 (ol JolS slaS gy & b B 55 s 556 & pn
3208 5 (A 53 ¢ S VY 5 /A 8 3L s caald Ol ssns ST b LT goue) mhamslez 3 oAl LSTEL L AL sl 2ob5T glajles
i el 5 sy Sl 53 (R 53 p S den e e e Bl ple el Ol O b (3L shone) gl Sl 3 sl S n
QU1 i 2 VL 3 ol a5 al AST5G ol 5 5 )l 4 3ls DL LSl amplie LS 0 Jald 1, S ol £05 YE S ulad
P b dslin 3 1) (Ao 3 YV £/0 o ) 4ils O 5 5 Al ) 6B Jol 0 3 O i (8l gome (ha 33 Y4/8) &ils I3 055 (Mo ys YF) &5 3
Wls 3, Shos 5 55 AT (slgoms (oo V) dhin b (a1 4S50 o o 3V rizman ol Gl AT ST G0 5 sl Sengon 2,28
LS50 5 )18 (Jg el Gty dd Snger 3215 3 35 il gl ol SRl dals i b amslie 3 (Aoys YV 5 V0V VY (550 |
e b e 3 (a3 YY/E) 1) il 3 Shas 55 suome S iyl b g 5 (A3 Y05 VE o j) Blu 5 alsn S 5 S5 osle Js! oal
s &S 5 oS 5 Shes Kl doml Senger 2 53 08 Jon 800 5 ATUSIS0 2 55 p 5 VY LEL s mls alaly als RalS sals
Aas Gl S5 P Slhs B s il 3 Shes (1l 3 g dalsa 1) s Jl b cou puiS

P Sl (S A Sale 2 s (St el JESH g ST (las 5

VESYAY/YO Ll sl DB B A VYN TV g Sl e g/ e Sl s

Q.ﬂngﬁbJ.L&SL:!))“}ED:AA\i.ﬂ‘b‘frb@tnjdj)jusombg@g&::}j}J\:jj.?o}ﬁg)b‘}.&&)‘wujkséﬁb%j@.Y}\

raouf_ssharifi@yahoo.com :4sbL!; «J stus sdows 55 *

O ver ol QL@L;in@\:@‘_;@;.\M ol olasl - @@
JUJPC)-W Jqusgﬁu)p)du.ag@m;wlﬂ@,;ﬁ ol sl ol 8 g:@lt}ﬁ;amwﬂj S Cos dlis @

G| )Bu ﬁ)

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


doi:%20https://doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/
https://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0003-2567-7029
mailto:raouf_ssharifi@yahoo.com
http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

et St 5 Al Sen 3ot 5 AT ST 46 311 in g5 — ke ke

L;é.:ﬁ-\‘_wv d_’f)jalgb‘.:ﬁ éj‘é

Cor o ol AeSI gl 58 oS ails LBl (M) ol Kas
Lo 5 Gler A s pdS S 5 WS Slis Ll
Gls 3 Shas (o3 lul b cod &S WS S (M) b s
MY Gl 3 al S10 2l 53 0 8 0/8 s S s puS
S50l T 2nS1SG 5 )l pde b aslie 53 Aoy
Slp ol la s, 51 S0 S el Seagn 318
G305 ol Cosgdos ol 3 Cuglis il 58l
S8 el Sl mT caols glyls asle cpl sl e
ol Gl 3 S s eds g e 5 sl wlls
ol S RS s s &S 3y, 0 sleda S
SoS S 55 Ol (IS b b 5 5 did sk 56 Ol
OSsfs 5 bedaen, ol Sopr bl riomen LS
el pole s S o Comge 5 ool Ll S
A s s pole Gl o S 5 e 5 S
Qo poonl SN EY) spde oS LS5 e gl L
5ot Gabe sliE Gl GNP e Seese
obs s Ol Cla B oS O e Gl Rl
s cpanas S o L 1 55 s g s SRl olde
V) 3 g5 003 ol Cannbs sy JT 58 Olgews OF
53 A ol Ad sl dzils SLBI(YE) OlSes 5 UL
Oy ol camse b LS s sl Seps LS
bl s s puS il s Shas 5wy bl ils i
35 es o3 VY Ll o e Sagep Aol 3L s
() OSan 5 5y (4) L 00 Lol 3 ol g5 oS
33 ijl.s 0r 5,5 L f.i;f Gl 5 Sas Aoy V1 )58l
S 5 oy a5mS Luld o ) dl Saapes LS
033 iite (8) OLes 5 gl Ls S IS Sal
V0 OB pme 3, <=J.;§ s 3, s g aly 3 Slas dils )l 5a
Sl 0 Ol S E1S el Sa g SIS s p SSLS
Ll OeldonSlyy s ook Sl el Sengon 5058
5 a1 Jhe 5l e S et aadlliss Ol (sl yome
il () O an 3Ll JT.(Y) das e Siolsl s Shes

PRV
Sl 5 QLS a5 Sl o etes 5 (S ol oS
3 Sas iy Sl sleyss dsb o Bl i Gble s
o Gble 53 padge b 5 3ileis Sl |y sl LS
53 p kS o Sles el ol Jaggde s pdS S
@3date Sl s 53 ol Cussde 5 (Y) s Ll
Sl (V0) Ol 5 Jguie (00 5 £0) Cosl ol 55158
b o3 VB A 2alS 4 oeie ol Cosgios &S Wi S
e A (‘“\5 aly 5 Slee doys £ BV 5 ale
O35 gaw Al 53 e sl o5 wzils Leb ol Raass
DA Sl patles sy s Ses s s 4l
S St I o & s A (65 Shes sl pine
SlB O ss o kel s (YY) LS
S VAT l5l 5 (Y4) (s f,x;f &by 3 Slhes Yo s
2 eSS Gl Bila s (O00) ) 2 s al o Shes
Gl oo s lld) aals b oaglie s a] a
—a 48 3505 0Ly (OY) K13 5 S s S 2158 (eSS
T R N [ L g L PR XV
S LIS r @354 b g dge oal 45 3,8 o o &l
Aoles Ol s Shes T oz pdos 51 30

ol Sosbs s VL PH e s Gble glasb s
st ol oS Ole 4 ol Ogmes pslis 3l (55l (S1>
A, 5 Gos e pobe 3l el &S il Jls ol s Xsd
ol Ol ColiS il 5 (Y4) 030 S iile (5N 3 Shas
23le 0SS e S e YO B 00y S LS 3L
5 pShe 00 5l S lie 55 (P 5 A) cel Sis
Al 0 355 el oS s el 35S S4kS
(0) 2505 O3St Jlad Sk S (3LeSL 5 mwsm 5 3L
L SEly s pee 358 e 5 e 4 Of S esliad
lsn bl dsy il Cor e (O0F) Ik sLis 050
2 ¢ kS s Shee 50531 (£0) 056 552 e 4ils 3 Shes
50150 S 5158 SlSa 55 0 S S AT 1y Al G e

qy


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

gib-)‘:"\:’"" Jﬁ)} Q\géu 3_5‘3

VErE /Y ole /00 Jlo/ 2L s o5 O pmms g5l 5 A5 4 i

o3l 48550 S plend 5 (K5 o8 ) Jpar

- ~ . _ & gas S Gas
C s ol e el A SO JlS S gl
Sk il pH S,
((’Jfﬁiis B (’J§L5L?°) (o) e e g W
L;ﬂ)uﬁjj VY Ve AR 0\A A Y% VY V/0 NI Y.

la g, 5 390

F a5l al # b By LSt o sea Gl

o e Ol g 3UT 05 Gl L3 1SS 4w 3 dolas
YV o5 B dsb aids YE 5 a1V Lol s Sl b
S VW sl s s o e 4ids OV 5 as s
e ) A Ll WWAV-ITAA el e 5 L e
Pt S 53 ln 5 Ol Glls 0 sS Gy e el
Vor B VA o Sle [ pba OF Oltisy glajs, sl ool
ailie 3 AVl S50 e s SKke cod Jlo s 55,
(iS5 pe adaie Sllga oslsl Lol slaul 4 iS5
S Sy wp el ol el Sl S e s YYY
Ll 5V s 5o bl aosse S plend S5
03,51 ¥ s 3 oS (i) oy sb L3 adlaie ol
RGPS 5

Wliwn3 (35 b b OLL o35 kS 51 ) cpl 03
ola b ckils B s (Saals e 5 SEF w0 e
s el ¢ STV Wl 558 855 5 sl AY @y plis
o caiS Mo Ses Sls Jas o35 ol FY)
Jdies 5 5,0 51;\;»(,_3; Ll s s ol cwle (sl
Lo ihdsle ol 5550 lajles (M)l 508
—a Jhie Of b 3bdde) mlaw Sl 3 oAl St
s (G r; VY 5 A et Lald el Olge
lgoas Jaie T L 3bd owe) lav Slex 53 sl Snson
e g Galos e S b b s Tor e (3 sl sl

qy

5 &l 5l 05 ki 3 &ils sliad i Jsb s pli )
PSS el Scagr Adskn 3 1) eS8 wls 5 Shas
bdslee oS il LBl (BY) e Ss 5 b s S
Gl 3 ol oS Bl s ded Saasen 1) 53 p S e T
J\Jd}chwbtjjéwé‘.,\dﬁwbﬂw Sl Sl
5 lopl s paS wils s Shee (R34 e ki 3 4l
S spg bt Spagn Lo 5 SIS () O
o O SL Glacd pel g 5 s Sl 5l
s elie oll Il el 5 Lals 1 O, AS]
B R CSE SIS EUNPIEN U ST
Bl Ghalsel
e ($iosSsler olis Ve dle wb bl bl
A5 Ol b LS YYE4ATN) 508 s s S iS5
0350 JUSs 3 p SIS £eeA s Shas SSle 5 o5 ATAY LY.
23 pAS SIS 5 e B0 Olmldl Okl s o
380es pSle 5 o5 YWY W5 Ol L, VALOT
S Ulgea pdS Coeal sl 03 g SUSs s p S LS YO
Ols3 53 ol Cussdomn R 5 5538 53 SUFl 2l OLS )
S gble iy 53 olS ol s Shee 2alS 5 Lol A,
AL ASIEE 36 b 5l s Jaulpd Cos Sistaas
Cudgdowe 1 U Ol B 5 asn s s ol Sesen
oAl ST 3L s G g oS Wiz g olse aha 5l ]
OLL s o ¢S Slio (55 Shas ool Koo sen

5,8 3 o), se


https://fa.wikipedia.org/wiki/%D8%B3%D8%B1%D8%A7%D8%A8_\(%D8%B4%D9%87%D8%B1\)
http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

et St 5 Al Sen 3ot 5 AT ST 46 311 in g5 — ke ke

L;é.:ﬁ-\‘_wv d_’f)jalgb‘.:ﬁ éj‘é

Cils p b elS 1 abasl adlaie S L Olgee 5 Les Y Jga

G AT YAV e 1¥AV s VYAV, AV OLT YAV ge obo
(+/14 )+ /A (=e/8) =Y CATADER (Y/4) Y'Y (e/A) WA QRYAD I VAT GUWIN WP PSSYY RPN & Wt
(YOYV/A (W) 60V (YY/£)Y /) (/AN Or)an OYANA o dus) S50 Ol e
\WAAsLs \WAA LS \WaAsls = WAACGgos,)l WYAA s 2 obe
(Y+/0) Y\/Y (\a))4/0 (o/MHVYY (AIV) 4/ (¢/A) (o s 4 53) Los L
(+/0) +/A CYADRY.s (¥e) Y4/t (E+/8)YY/0 (YV) YY/A (o dhn) SH5L Ol jem

s e Ol | Sl e es (b s SuL s les o Sle 53l J=ls slael

Ve

dald - St il JI.:.‘.}' .'J'J'._.x 'JJ_IJJZ ,I-|.J.i| Setaacla ;:'J'._.x J.".q.b- - (Q'J - J.l' -_‘,‘:I_,"'* I-'J.}I Seia ke QJJ'__#

(ppf g S i o 2 5
Y 4)4_:\)
. . i adls a Gt 1ol JLE ol
s 3 e 33 sdhama JUED il b s = ache e
{ dem ) a3 e
. o o

_—
G g s S = i 135 | g i St 03y A= ) bl 3 e S 33
(e 31 -.‘ﬁ‘ _‘J-_-F)

. .| I < " -
(s ) o ) 4l il

(s J I',: J‘!‘J

§ alal

il e s 3 gl s 3 e S ozl

wla s Sas o adle olond ol Ol e = xhes
r ¥ ¥ =

(e 2] aals o et
Ll i gl s 4SS 5 28 LG Ll 5l S e o
s Sl el QLS sy o s eslinal 5550 Jas
Lo Slaonn 53 560 53 O aasg A2 485 B s
Ny oo e pdS 3 sdeee JUEl (S35 g5 @
() Ll S
— b S 03 O ol Sl S esl sl
Gls OS5 aiy 5eb W 0 93 s A LS ol s e
sl ol js (S asly wlie N4 500 U8 Jolee 5 Sa
Ao T 13 53 s D 035 5 4 e A-) el
bl Sl b s b esls J 3 cele 1L § S 4

staal 4 Gilesl nl 3 Al Soagon 5 ol palie ol
Chle (S sy WS S il g ol bl ol
bl (875 YA) sy el asiia slye ol ol
M 5 gy Al e o Al Sasen 5 ol LlSIGL0
() A plosil S goly ulide 0 5 YE Jalas o S 38
5 osbe JolS jsba oS olss e ol S sba
bl YAV Jle olojge V4 3 sdh oS 3pd et
(Erse 2 S YA o35 ol odd o5 5 yllas (SIS
53 b 4 2l b m el syl asly s plo
~55 sl b 2bd o 0 GBlesl cnl sy e
sbea A elil (6505 plerd 35 g g 5l S
(sl il S sl Sl S asle JEEI Ol e
JS 5 sdms JUiEH Ayl g 5 Bl b S L Ol
bshst s o Db Sl Sy dls 5 Shes D3 alsa el
Losl o s wlin 8 W s> iolosl asly o Lol
S s el ) A a5l e S5 &
S Sy B (WSaaly 00 dolae) i H5eb
o e s plaals Sl LS s Ll e
Wl 5 S bl woodd il p b s Sl Gy
s VO gles b Oyl 3) 038 Sas Gl e 5 SSE
S U5 S Ol U i b el VY ooty o sk
L oolio s Sax el JUsl Ol 5 sy (0l

(1) L5 aelome 5 Jaly, sl

q¢


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

gib-)‘:"\:’"" Jﬁ)} Q\géu 3_5‘3

5 Bl 45 0S5l g 5 Sl 3l sdome JUSH Ol
als 3 Shes
5 had Soen 5 5L L aS sl 0Lt La ke anlie
S Ll g 5 Bl Sl sdme JLESH Ol 52 oAl LSt
C}.]G_w 03 4S5k Sl JFals wls s Shae s a3la 3
o e Al SIS 5 Al Saon 3 )08 oo b dals
5 Al 5l it esle Uil Ol sbnys O 5 Y0 153l
L oaslas js asls 5, Shes s dlo pbs g 0) 5101
DAL ST60 5 aal S pn 38 Sl a5V
S Sl e olal D (8 Jpd) 3 sla, 55
Sl Ol ol SISl 2l s 0 SV 5 0/A sl
Sy doyy S Jlazs cbd)s als 5> Sas s a3l s
(8 Jed) cslws

— Ol g S (ol s Sl e S L SO
oz 31 plass sl isy o edd oty ol s la
O @ als Od 6l wlhda e S el & Olgea wla
L adle i 055 JS 5l do)s 80 B Y0 S50 a5 5y, 0
5 e glos 215 A e ki (V) das e LSS5
w3 Bl s Cod puS ) s gk s SNGp el
O 3 b ol R SRl a e (1 dsis)
ol Jdsay (gle 3 slge e Jlanl 58l el 5
St Bl (00) oS o bl cl
oo JUSH Anl B g GRIEL Goob S s S
S YUY Co s Sl (Vo) OLKaa 5 gole bl O,
i 3 alen plll Sl S wle JUEH Ol s p3 YAV
22 Rl i baglie 3 1) s s dils 5 Shes 5ol
35 Gl el e s eSS ol ) Ll
(2 Ll sy S XS S (10) 0LKen 5 L858
R Vo se oS Oz S 5 Tame les 15
P s Wl o Slas 53 (65 5 3l g sdze JUE g

L lse el «Soped Al 580 ol a0 o s

q0

VErE /Y ole /00 Jlo/ 2L s o5 O pmms g5l 5 A5 4 i

G ek a3 Ve los b 0l 3 S 5 e S 1l
Lol o Glgios 38 St Ui 13 cola $A S
O s il 3 adaly 5l eslana

b Sy Uy SKix S 033

RWC === 2 oakad,

s Slsme Sl & byse Tl s Olas s
oo S sbaaised (S Sl S el gl
Saie OT i Joe YO (ggme slats 3 0L sl
O3 06U gles s cele YE ue 4 (esein EC (gl4ls)
Mi 180 Bench Jus) ;s EC ol&ivs Lo 55 s 5 0l 0313
A 6 S50 (Meter

Al s aw sldas wclls 51 B8 5 As ) 65 OLL o
A=l a5l mpe e S dobee b 1l 5 Shae 5 e
gU 3550 sl p 3yl sl i cule, b aalesl
ol a5y S sl wsle s Sas glil & 0 5 4
lail= Jcaley b oS ol bks Sl wy Ve
o OF 3351 Olpear Jol glaosls :Sle 5 s
B rleu" SASyer 9.2 )lj_'e\pj U laosls 4 S 4.:3; J.k; 33
o el a3 oSSl Ol Sl L Sle anlie (s
A eslanal s s

Cou g mli
3 8l lsts Sl Olpe als 0L il 4o s
Al g Bl S SE a3l subne JUiS] cails 5, Shes
05 Sl esle Jlan! Ol e 5 adils 3 Shas 53 sdme JLal
5 akie Hsb Jole 00 S e (il pa slaelld
Aol S g 5l ST 5L Lol Ol i o ails 0
S s e Ao gy 5 S el e s
23 e Sy AT LS 0 5t S gen (5 5las
Aoy gy e sl 53 413 Oy 5 Ao 554l o

(\‘ JJJ}-) A )‘JL;'\M


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

3 J‘é

Obale »

¥ J

5

:' J“—&Ajuﬁ

et Shes p dool Saagap g ol A SIS0 I

a1

o s JUEs) sl g O o gl om0 (3 SY Calito  dod Spgon g o) Sl 1 g 40 Y

l.._-r.L.n Q-.bl._.

T o e s 3 s JUi 25 sdone JU Ul e .
gl e il el
tﬂ.ll ML.m.M ..._..TLun s ._Llr......,_ P_.T.Ho ;l.r.u..\.»._.fm.v fr..._.n s ..Llr...._.“ P_.TH._. =
rﬂ_uwuo =l al frim t.._ ._L.tu __._lﬂ_ _(__.b_l L.__ it u._
r_._.M..._u,_.m .un_ rﬁh.._u_k._ ._..u_ rwh.uu._-m _u_m .L.hhu_.m ._.b_ :
o foo™ Vi " VAT fee® Tag I ¥ S
AT e W EAV A it e vEo™ ofeg™ r A bl S g
v ARY™ A VRV ey YoA™ WA A r B bl
fay s VY 1ef® s Y T HR T JALEA B 4 A=B
AU R ATal 1A A el i\ i dfnaaf ¥ -_4,.lh._
\Lla e LR B/A 44 £y £e fai 7 - -

lr..ugvIﬂuuJﬁ.mr_rhf_”_nr.gvu__nﬂrfl.l__urmrﬂmiuhjgn__1.E

[ 90-20-920z uo Jrge nrddol wo.j pspeojumoq | [e18852°T°GT°ddol/9/T/+70T :10A ]


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

‘;SJ_J&A?\» uﬁ,;ugau b_":

VErE /Y ole /00 Jlo/ 2L s o5 O pmms g5l 5 A5 4 i

oS sdoms JUt il b g O o (51 gm0 (S0 AN alin ol Kot g 8l ST 56 31 ils el £ J g

LRt ] Jla! J....i\)ﬁ C,S)LL.A

S glae sdzes Ll Ol e
als
)}@.bdo-f Q.X.;vﬂd?fjb rl.b\dsjl )\ w)ﬁ})yéu)l&::
Isa alil JS 51 @l
ATl B) B)
o &ls sl sl
Aol s S Sy leS Ao
AL/AR Ve /EAR ARS gy/0l YV is
oV/YP Voqb L/LYP v/yob go/YP ARVALENERY/ Al ASI 5t
o /° Voye /YA +/YYP YV/8 VA/AVE /A (02 e 5)
AVAR VEVe /ved /Ye YV ALVACEERVAL
To/v2 YAL2 WAL /ya ge2 LA
ov/\a VYo +/4%® /0\P ge/0P K Yoo Lol S gop sk
0+ /ye yeac /0P TAA YV/Ye YAS Yoo Gad o3 p 8 ko)
£4/\P YA VAnE +/ave Yo¢ Yo/vd g

.J;JurapmﬁoJL&!CL);@\;@M6)ui_awlgfmﬁjwuwﬁ;qugéuw§p

oAl sl s S 5158 OA) 0L 5 il kel
ls G paneS sobe glymn I olS s s b
2 5 e 5l ge sioms JUil @ olS  Kaly 2alS e
Sl Sl 4 dals 4 s 4l a4 Bl 3l sdee Jlizl
5 St asle JUBI RS g 3 elie S L e
abol g4 ¢J;§ Ay 5 Sas jo dle b oS le g
Gt 3 Sy B el LS00 L 3 o

C_,.w\ ol J':J)‘Jg (V')

st JUSl il g 5 S5 esle JUSI Ol

Gl 3 Shas s
e 5 S osle JUET Olge 313 OLE s 3 ol
Crhe ol Sl o w5 Slas 53 s JUESI Ayl b
Ao e dlaml oy ol ASTEL 5 dl S pn
Sl sl Olad b ke aslie (Y Jpdr) LA Sls oxs
JUsl el corge pal ASTHl 5 Sooper Aol 308
P R0 JPOT S JYRE I SR [RC S-S

v

S spie s ol Sl GRS OT glad S
o (Seosed Al JsSd5m 505 Siom) ol S8 slad S e
Looud Wsm Loy oS 358 S lacil 0y
oS 0355 Ol b a4y 5 28l 1 olS G ym o slad 55
23l ) g s S esle Ul b 1S SS
e Ll d g dade 5 I Laily, U co Ll 5 Sas
o s lals Cae e e (EY) 5,8 e I8
LI e (V Jsd) S () o5 dgb oo Y55
Sladas Jsls 03,55 v 5 2l Cassdoe 51 36 S
S s UAT Lol gdie s,y jole 534S O JLisas 5 olS
S s Al SIS sl Jald e 50 s
e S5 Al s 5 Js NS bl s e
oo g eds bis (655U dade 5 e Jalad &S 550
Lol p opg daulia (Laly) ladaie 5L 510 Sledes
o3lo JU! alewr gy OF I (5205 S 5 ol (el (5 om0
e 5 S eale JWE| Olps azmi s s pd (el S
AeST50 5,8 b ls 3 Shas s ala Sl sdees JUisl Ayl 3

Rl o3 ) L rals O s lS e b oalie s ol


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

et St 5 Al Sen 3ot 5 AT ST 46 311 in g5 — ke ke

adom o 50 1 oy S DT md Slstee 0] ST 5L
G S Lo ;3 TV 5 £Y/0 S Ja ails G 5 5 alis 5 5¢b
Jsd) sls il al STt 5 el Koo gn 5,518 pe
30LS 53 O o (lgimen 550 51 oo Ay o laias (0
Aol Glad S50 4S5 il (g5 3 30 Al Sngon
$3k5 25 b oS s e S5 O slad ST 50 b S sen
S5 03ls Jlaiml ppiman (81) 253 0 O i e
i (Sngep ool IS g 305 Po) Aol S50 slad 55
Lo e L s S e 5588 LS slacib 00
—alyy 4 SeS b esls [Ral 1 elS G ool slad S se
Lis 6 S s O a5 O e ol 5 2l

(V) &S oSS O s (glaimms il 58l 5 6lS 055 O

5 i Hsgh Jl 50 o S S gl

4l HAd p
sah e 5o SO Eulie sl Ol bl 4
5l Sogen ol S 36 s ails Oy s ahi
s s e Ay S Jlaxsd C]a“ﬁ ool Lusigl
el 3,8 e 48 53 OLES Lo Solis aglis (¥ )
Caldoa Sdomys VA 5 AV o Sy il 5 e gn
)Julzduﬁj«l?;w)ﬁlé&1f):ﬁﬁ5ﬁu§ﬁj:§}l
S sl g Al Ko gon 3,8 51 YL olie e lis
sty oAl S0 3 08 s 5 el s (8 Jsix)
5 ARSI 5 VG ol 3 hone 50555 el
o S S cale o3 WY 5 AN L S rals
JJ{)LS(Q.X_QQM_LEJ)JQ\JQMﬁjd@)j@.}éJ}‘f}h
il 5l s (8 Jsds) s Jla e ol STt
5 ol AS1E0 3 LS pie Ll 3 s SO Syl
Vo5 Sl s laee sles Ll Ll e ool S pa
Jle 03 o (Y Jsd) pkiS iy 1w (b o
b Ol aS 55l enls s Al GAS 5 695 5 o [ 5gb

W.’\J"j@f\@mﬁjb)‘) wbﬁ\ b L;JC,J"J)-W )\

R e S 85 5 Olale syl

silsr ol S i esle QUi o i (8 i) A &l
als s Shas 53 dl b cnl g 5 (030 53 0 5 /EA 5 /8Y)
5 Al S sa 3 58 ple 55 S (Ao £8 5 £Y/0)
308 pde S5 (8 Jsda) Lol owsay ol 1810
—a) St sl JUSH Ol ol Sagen 5 al STl
als 3 Sas js aul b ol . (Lo s YO/E 5 VE/O i 5
solie 5 8 L asles 5 (o YOV 5 YY/E (s ja) |,
(8 Jsr) sl il pal AeST6b 5 sl Sanon 51 VL
Jsb 5s DVs5 Al 5 lae sles Al e o e
S sy dake 2 Lyl b Cow wls OAd 690
Aol Ko ep) 5 SlaoliS e 5,0 el 5 (V Jsd)
L o go 45 Liter (635150 e 31 (ol ASTSL
S 3 3 ge a0l LSS glaals gl il sa
(Ladils) adaie 515 5,505 55 Solr 5oy g 8
Sl s s Shas 5l pl g 5 S esle Jlal
—a by S Ll s Sl e B et mS
4 S K25 o3le Jlanl Ol g 53 Cod gl s
SIS Ui s b b e Sl S oL
oAl STl s 8 dal s s Kos 0o 4 (YY) ol ol
Rl 0 DI e e s deul S s
—r e e Rl e N5 Sall 5 kow gl
U daie 5 Mo Dbl (ol s g SRl L oogd
dale 53 Klsy e A58 slpe 5 el L (ool 3 5d
3 Shes 53 sdome JUH Aol b g 5 4 S 18 eslinal 5 e

(8)) Ll fals als

5 i b S 53 0z S O (ol (sl

(S s3ly plie N8 508 US dslas i 5ay) il O
LaSTH0 5 Sngon Aol 5508 51 0L b Silos 4 i
o o 53 oy S T d Sl Rl e ol
e aS (oo sb (0 i) Al Lls Ol 5 a5k
03 e S VY s Al Seagen 1 3 p S e B 2L

aA


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

gib-)‘:"\:’"" uﬁ,;ugau b_":

VErE /Y ole /00 Jlo/ 2L s o5 O pmms g5l 5 A5 4 i

o,'}Lalaou,@}%,}@s‘},v,;ﬁﬁs’ﬁ&,jw..s6!,:mﬁwt®,,¢,&ai¢,~su,su;|a§spwm.o Jdye

f.)..g LY CL&J,I_,&I; J|JA

Sy gl G5 OAd e 53 Of s Glgims i 5 5gb o 33 O s Glgmme 4ls Jl5m 055 oS

(e 5l) (4o s3) (s ,3) (¢ Soles
vy oy K 0a/s | va/s NOHO
yar o oyy i e o v/t 9 NOH1
van f so 0 vy/q de g/ NOH2
AVY © A ys ¢ §e/q de NOH3
vory Ytk uAh vq/. 9N N1HO
vas f 0/ fohi WA g.f N1H1
N oo/A 0 vg/s ode ge/q 0 N1H2
ISV AR vy be AN N1H3
w/o 9 o/ Wi Ay o YA/A O N2H0
Av/q @ ooy foh RVVERL AR N2H1
Ay be 04/ ¢ v/ cde gy © N2H2
AP /0P A+ VP £v/8 © N2H3
IS ov/q O . o Ya/5 9 N3HO
AV © oo/ f vy ef £Y/8© N3H1
AV/Y bC To/A % oy cde ge/x P N3H2
ISViR ve/o @ IS £ved N3H3

.J..})\J\jv_ml{t;)bdzmé)uh_éﬁ.&\ Ot A 5D Qmﬁbk_é}flféumél:ﬁ
A e S e s Yen O er il 5 dd Song b 3L s e i 4y HB 5 H2 HLHO

A Sl 5 a5 Sl el Gl e i glad ]
Olartlw 53 pal S lie s 5500l 5o ps o o
=l S e S5 (M) eS| ST sla 5T 1 (b
S ) S s 5 a1 ladlSisly Jidas L’*pﬂ)—ﬂ
Ll S SU1 ol Olge 2S5 (0)) plid (slanio
o oSS s S Ll Vs 51 15 e S e
5 Slms g 50 plie s A3l el 58 da
~dsde s (S cle RaB e (F) i

el odd 25158 el ASISE 2k

B AVE) 6 gl e ity sl OLES e S0ls 4 lie

44

3 G grrldonS |y O3St Jlad slati S 5 2ol 531
Sl e cole s (Il slid 4 o]
Ay B il e 50 () a5 e S S
Clslad S L 4 i s s Saasen Aol 5,18
gTL&q;JASb G 63l 2 b das 0 SIS
5 aki 53ab e 53 T s (8lyie 250 5 olS 0500
b S s of R IR PHANTEFSTR
PRVIE FCH P CT PR S G B RCHEPREN
5 iy 56 0555) (15 ged e J e 3 (B Jsix)
OLLSen 5 S ain ol 3 35 g0 e (413 D2
5 Al Can o Ll b Co aS Wsls 3,158 (88)

5 LAy e i L 05T Il slaas S Saall


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

et St 5 Al Sen 3ot 5 AT ST 46 311 in g5 — ke ke

R e S 85 5 Olale syl

sl
Tl L S % b 3 KW L |
ol Glsees S 9 B > o Sl G ) a4
S deadb < - i e
&l &ls s &ls ) & 3 iy <4 bl
&l
!
TAeYEE Yy Yo/ s LE/A TS Y/oyns YO R VY NS YA TS YQyEE Y BN
Yoy q/0V** VAR yay # YY/Y® Y ey agva s q/ve* YA/ oY S Y A Ll S gn
-\\.e'ﬁe'{: Y//\iem \Y’/\Eﬁ VYO* V/§s s \/\vﬁ \V'Y’O* \\//\%5%5 \viege-:ge v UA'.,L:MS‘};L
B
\/oo M o/eg Yi/ons AR \Y/0* v/oy s ovq. ns Y/YA S 04/\* q A*B Jilia
Y/0A NS Ya/0 ANYAl V/vA /et Loy A7AN YAV Y ol
o/ &y WA YAV /6 A/ Yo Ve YAl ] UV U

MJQVQJGU.‘:JW\CE-\A‘)))\)L;.MJJ‘)WJ:&%‘J;44..:26.:&‘5%b

abi 53 S sl G515 4 2 ol 4SI5l 5 )8
“S Sosb A mha Ay s i slias 5 i Jb (Lo
£ V/E il an oe al nSTSL (VL slie s 08
sl 5 ol aliw s S sl s Jsb gl o £
Jsd) as of 58 e banslin )3 mhaws Ay 5 alis
55 Shiw slss s (gols mme olel Ml s 53 (Y
ol SISt 1) 53 e S VY 5 A slie ol b
L aslie 5o ool Sogon VL polie 5 )18 251 5 2 5
i 53 Sl 3laws (gio s VYO bl 51 ol 5,58 pe
Gl e 5Ll Sl s a s s ol
Sy Soan bl S il sl 518
L8 L Sngen el 5 ol s o i (V)
i 3 S sl (580 Car e b S 28 003 50L s
e OV a5 s by 5o plie =W (0) el ol
(V) S son Aol 2l slome b oS i I (50580
AR b (87) pal o pasti O pane S o ls
53 (871 0L 5 (6 s sl s 35158 0 S g3
2 ,Sdas Sl Koo Al 5 ol 2L slone 1 g
L alicw dob 5 b 5 S sl 2 (15 5w p S

35T Cnay pal 5 Seoson doul ol (EL gloms 3

ns

oS e b Al ASI St 2 s e S VY )8 55 (e
o) o i (0 ) el oty Al Soopen 2
5l Seosen 2 o p S b 58 L gles S S
35 Gulsmme olal ODsl al SISl 1) s oS /A
G2 S (0 Jpdmr) Cdl sy Ao s SO ezl e
3 el a3 pde 53 58 (e S VYY) & 6 LS|
GV pslie 3 )5 b aslie 53 48 A sdaline ol AST5l
Slo 3 VY 28l S 5l il S 5 pal AST530
Gk Ol Shaser dl ) o e (0 Jur) g Jlas S 5
o (AL S sk ey U L5 Ssesse S
o stlie L (YA) 20 e QLS el )l 5 a5l
Ll Koo gon 2L e 53 0 A8 G Ll Rl 5

Ll ol 1S (YE) Oes 5 UL Law s

23 Al sl g i Job ol a5 S sl

ch.u.x»!,
el o 53 s 3530 (5o 586 36 Cos i o
Sl aslie (U Jsdm) Al Jls s Ao 2 5 S
i > S 3 8l 4S50 = s ol i
S 313 DLt s ol 3 abis 51 5 ki b o


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

‘;SJ_J&A?\» uﬁ,;ugau b_":

VErE /Y ole /00 Jlo/ 2L s o5 O pmms g5l 5 A5 4 i

slass
Gls pal gl yims & g el $ls > Slas
_ B S o sl e J b
¢S k) €l oty Sy 22 e S 5S) (oosLy 350 sasles
_ ) BBl Sl
(SAS, (o) o) Ok ¢
el
/v yay/ed YY/\b YO b A/Y\b Yyob y/qb o -
pYat Ye/qc Yo\ YAVYaD Vb Yo V/AeP /L < ;
) oalansigt

VWb A YUAR Y4AQ2D Y1/ YAY A4 /A f

(f:j DL
VA/YR AVat Yv/ea Yivae Y \/A Yyva A/842 \/Y
/vl q4/4¢ - Ygve q/YVP - v/ob o

Seos0b sk
A\ s - YAQVP \EVAL: - AN Yoo
53 05 o) Al
14/0b Y1/ - Yy gao Yo/ - A/g8 Yoo 5 b
=

WAL \Y/\8 . Yo .2 Yo /A - A2 oo

.,U)\.\}V.Al.gujaoka\ch.ﬂjbéjlswéthdle};ﬂ]m)>A{Limﬁb\_éjfliéu&:i}lf

Sl gon 3,8 s il 538 35 il 3l 1 o (V)
S 555 e Ll 3 3l ge ol b 4 Ol e |y A
S sl Hlebl (14) OLKaa 5 3 Ll ol s sls e
Sl L 5550 0S5 Sa g ool 3L sl
At oS (g b 5 e S ]
e s oS il SOV Opmilr 5 S e
e ol (S5 Ol 5 s IS (Slymme Sl s oal

Lgd e QLS 53 ls a0 il

Cls p et le

5 ol AS1HL (VU sk 53 ls et ls o it
A edalie 3l e 05 b dald haw 3 0T o a8
ol AeeSISU i 3 oS VY 5 A 3 LS s pan
S =i (Y Jads) Jiis edalie (ghls ome (g lel D]
5 el S AU AU LS e Sl et 15
S O men (53, Shas sl (Rl5Sl 5 el SISt
AL (Vi) e a5 alin sl a5 S
LS el et L Rl o e 5 elhe
Sl 012 30l S 01 Kinsiy Koo Loy opal (3L s

b dy 5o i sl 515 (V) C\ﬁ 5 Ol les
03 oAl paie s )8 s 1y aki I b 5 ali 53 S slass
Il eBle 5 S s IS o e o) 6 4 S
ol s el EE el Sos Gl 4ol el S
L oS sl b 5 o)ls jm g 53 0 S0 Wl 5 by IS
Al s J3 S (slymme Sl Wae oS 5 s ol il Bl
e 5ok antle (g i Ll sleplll (S (g sty

Al Sl il s Shae il 55 Shas 555 0

als Hlza 85 .
ol =S5 P B S dlls Sl 055 O Sls pas
Ao ys iy dlwi| o 3t oo gn 5 ool S5t
Sl O35 cp i oS 5l 0L b, Sls aslie 5 (F )
5 ol AuSTEl (VU pslie 5 LS s (Dj £V0) Lls
350LS s 3 (o, S YNE) OF e85 Al o gen
A (0 Jsd) el sy ool Sngor 5 ol 4SSt
I3a) (S cula 2ol Gyb S el e e
S L pans (0 Jsder) O s (glgms 2l 3l 5 (8

sl als )‘)—“ Q)ﬁ J,J_‘)_e\ “ ).>w "ij Cod gd>en )l v.\ful;


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

et St 5 sl Sen 3ot 5 AT ST 56 311 in g5 — ke ke

eS| (il e B )y 03 (V8) shal 5 b
o=l G el s 03 S5 s STy sas s ol
Ly aols s, Shas (opal S3 5L 5L slous 48 ko) 4
Ghe s VY Al e 8 lde B s e ol
Sl 5 () S seadeal (2l shme 53 0 kS 4l 5 Shas
oS 55 poal il s 53 il s Shas o S NG
() cl ol 1S Ol Kiass Koo bu s

81> s 9 AT 8l s
Sansen 3,08 ol DI oS sls 0l ills 4 b
C]a"ﬁ G5 850 5 Al Glyme ol LS8l 5 A
Lo poShee s lin (Y o) L I3 e Ao s S Jlaz>|
Sl (Al nSTEL 5 Aol Sngen 3,18 L S 5ls 0L
U slie 5 518 aS g sb Bl il il Gl g g sl
S Sy als s 5 ol Glyme coal STt )
YY 3 VY Co i denl Sosd 2L sloes 5 Aoy VoV
5 oAl ASIEt 5,18 pe) ,\.AL.QCL.‘L«MJL@ 33 sy
sl s Shae Gull (Vv Jadr) sls (2l (Ueal Ko sen
5 Seaser Aol b 3l S s s (855 6y
ol SIS O Rass Ko ks panss pAS 5 055
(V) el

U\;&AT ©355 LS 5 Ks b oaslis s &AT LSl
2 ) das e il 1wl s LS 4 el Jusl
o3liial L 4ils cpal Hlaie 55 Sas 2l w50 golie
ol 5158 (Y1) OLes 5 dases Jawe 5 ol 3L s )
0305 Jlb ol Olses ool Labd sty o i ol
Sladed & (gl o 5L 53, Sl i Bl b 5 olS
a3 g Rl s Olgs g 53 5 el (505 00 il
On 5 pMen g Lo oal 58 L wils s il
(F0) han 5 sl Ly s opl I3l 5 1S s (F8)
5 Vs Jl i salis el 3L LSS s
Sl orse ol 3L e i 12 S 0L (1Y) 01ISCes

R e S 85 5 Olale syl

&l 5 Shes
T B o s s Shes s @ Do el
Ao gy dlail e 53 del SCngen 5 oAl LS1 5l
3 olS a5 sl ol ani;b awslie (W Jpd) LS 15 e
G2 TVl e ol ASTS0 1) 53 p S VY
(U dsds) aes ol 5 LS ples L alie 3 wils 3 Slas
e 3 el Sogen ) 3 (‘Jfgtv‘ Ere 5,8 romen
03 adls 3 Shas (54053 £0 (hl53l a4 e 0T 508 e |
L oasls 3 Shae 35 5l 25 (V Joi) A Cja"” J|
3 PH VL alie 51 3 Aol o (gl deS150 508
=S 5 OV dsd) el as e St s sal ol slis
Sy 093 dsb 53 (Y Jsdx) lame gles il 33l 5 &Yy 5
s Ol a8 Bl &ils OUS 5 6595 43 o gt c.,\;f
33 oS Jodas ol 51 aS 1 Sbt 3 s e cal 4 olS
bewly o=l 53 s s3lw e amrlye [Kae bl 25 Lyl 5
55 ol Gy e pee Loyl 5 3 ails 3 3 s ool alis
Celede il Sl Al AnSTHb b 3 oo b 4 lie
AV Jsd)

533, Shos LS ool s 55 (0) 0l 5 ol
R 0 Al et e oS obe 558 Ll
Clr b s o Sl S s e S Al ObalS
AI3l3 ol S Sl e ol s oAl O3

Lod Koo g 5 258 L il 5 Shas 35 51 6,505 i
oml 208 ) 2l S DS e | al 4SS
SaLS 5 (0 ) O el (glyme 35 55 Lasles
Ol fdad es a5 3l o (8 Jsi) SSSIl colia
LaS 1 53 (6 Ly 085S 5 T s pdoms 51 3L
S350 Sl Gl Bl 5 olS (S5m 5 Ol Jal Bl 4 e
e L R e R
3 Shes Gl Vs Sl oa sl oen 5 A5 (V J i)
LuS1pl) s GlaediS fdas 5 558 L =2 Ll o5 als

A (] Snen 5 ]

Vo ¥


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

‘;‘:J_ﬁu\:nﬂ uﬁ,;ugau b_"é

VErE /Y ole /00 Jlo/ 2L s o5 O pmms g5l 5 A5 4 i

a Bl 5l sl ge s Jlasl il 5 Sas 53 Sist o3l sds
S LKL wls 5 Sas o bl i3 S L Ol 5 4ls
Rl s bl 3L el sl Seagen 5 ol St
0S5 VY 3,008 Ol on oS 5 Shas il slaveay ¢ o)
L deol Soson 2 3 p S e fee 5 oAl 4SIE0 2 5

J‘)JJSJJSJQJ
—&dﬁndj\aw_jjubolig)’\ M".jlwﬁﬁd&aw\
SO 51 3 S, 5 Sas Lol e Oy 55 oS AL
e@l:ﬁcbﬁdj)jw e dSlils 5 | U1K

-J‘.de‘ rw‘ Q;\:;})\ L}“"‘

e kS Lls 5 algn il 3 3K 5 AT 05 5 %0 ol ake
3 2 pole Gl s bl Al Seser
b e (B8 5 YA) 5 5 5 S Lule Ol e
Pl o) omlasl o3 sl AS 5 (oS 3 Shee 2153
s Ol Seagp Lol 5,8 45 4d sdalin oS

(EA) sls u:'i‘)-z"

HS S e
el i d b s p LT G i s DL
o2l 5 s Sl 0 Shes sl 5 2 Slas (23l
30 5 VL sk 53 S O el e il
ol Iy el i al STl 5 sl Ko pn

Jas! e @l 4 i osle sdee Jlazl Ol e ‘QS.;J:KJ\

ealaiul 2,40 cl.w

1. Abid, M., S. Ali, L. Kang, R. Zahoor, Z. Tian, D. Jiang, J. Snider and T. Dai. 2018. Physiological and biochemical
changes during drought and recovery periods at tillering and jointing stages in wheat (Triticum aestivum L.).
Scientific Reports 8: 1-15.

2. Abu-Ria, M. E., E. M. Elghareeb, W. M. Shukry, S. A. Abu-Hamed and F. Ibraheem. 2024. Mitigation of drought
stress in maize and sorghum by humic acid: differential growth and physiological responses. BMC Plant Biology 24:
514.

3. Al-fayyadh, D. Z., A. A. Hasson, A. K. Hussein and R. K. Hassan. 2020. Effect of humic acid spray on growth
characteristics of wheat varieties. Journal of Life Science and Applied 1: 13-24.

4. Anwar, S., F. Igbal, W. A. Khattak, M. Islam, B. Igbal and S. Khan. 2016. Response of wheat crop to humic acid and
nitrogen levels. Agriculture Research Articles 3: 558-565.

5. Babaei, K. H., R. Seyed Sharifi, A. R. Pirzad and R. Khalilzadeh. 2017. Effects of bio-fertilizer and nano Zn-Fe
oxide on physiological traits, antioxidant enzymes activity and yield of wheat under salinity stress. Journal of Plant
Interactions 12: 381-389.

6. Barnett, K. H. and P. B. Pearce. 1983. Source-sink ratio alteration and its effect on physiological parameters in
maize. Crop Science 23: 101-109.

7. Borowski, E. and S. Michalek. 2011.The effect of foliar fertilization of French bean with iron salts and urea on some
physiological processes in plants relative to iron uptake and translocation in leaves. Acta Scientiarum Polonorum
Hortorum Cultus 10: 183-193.

8. Cakmak, I., W. H. Pfeiffer and B. McClafferty. 2010. Biofortification of durum wheat with zinc and iron. Cereal
Chemistry 87: 10-20.

9. Delfine, S., R. Tognetti, E. Desiderio and A. Alvino. 2005. Effect of foliar application of N and humic acids on
growth and yield of durum wheat. Agronomy for Sustainable Development 25: 183-191.

10. Ebadi, N., R. SeyedSharifi and H. Narimani. 2020. Effects of supplementary irrigation and biofertilizers on grain
yield, dry matter remobilization and some physiological traits of barley (Hordeum vulgare L.) under rainfed
condition. Journal of Crop Production and Processing 10: 123-135. (In Farsi).

11. Ehdaie, B., G. A. Alloush and J. G. Waines. 2008. Genotypic variation in linear rate of grain growth and
contribution of stem reserve to grain yield in wheat. Field Crops Research 106: 34-43.

12. El-Fouly, M. M., Z. M. Mobarak and Z. A. Salama. 2011. Micronutrients (Fe, Mn, Zn) foliar spray for increasing
salinity tolerance in wheat (Triticum aestivum L.). African Journal of Plant Science 5: 314-322.


http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

et St 5 sl Sen 3ot 5 AT ST 56 311 in g5 — ke ke s e D g5y 5 Obsle 54l

13. El-Ramady, H., T. Alshaal, M. Abowaly, N. Abdalla, H. S. Taha, A. Al-Saeedi and A. Sztrik. 2017.
Nanoremediation for Sustainable Crop Production. In Nanoscience in Food and Agriculture, Springer.

14. Fathi, A. and M. Zahedi. 2014. The effect of foliar application of iron and zinc oxide nanoparticles on growth and
ionic content of maize genotypes differing in salinity of the soil, Journal of Crop Production and Processing 4: 295-
305. (In Farsi).

15. Fokar, M., A. Blum and H. T. Nguyen. 2006. Heat tolerance in spring wheat. Il. Grain filling. Euphytica 104: 9-15.

16. Goos, R. J. and B. Johnson. 2000. Seed treatment, seeding rate, and cultivar effects on iron deficiency chlorosis of
soybean. Journal of Plant Nutrition 24: 1255-1268.

17. Hemantaranjan, A. and O. K. Grag. 2000. Iron and zinc fertilization with reference to the grain quality of Triticum
asetivum L. Journal of Plant Nurtition 7: 23-46.

18. Jashni, R., E. Fateh and A. Aynehband. 2017. Effect of thiobacillus and nitrocara biological fertilizers and foliar
application of zinc and iron on some qualitative characteristic and remobilization of rapeseed (Brassica napus L.).
The Plant Production (Scientific Journal of Agriculture) 40: 1-15.

19. Jones, C. A., J. S. Jacobsen and A. Mugaas. 2004. Effect of humic acid phosphorus availability and spring wheat
yield. Fact Fertilizer 32: 421-426.

20. Kauser, A. and F. Azam. 1985. Effect of humic acid on wheat seeding growth. Environmental and Experimental
Botany 25: 245-252.

21. Leilah, A. and S. Al-Khateeb. 2005. Statistical analysis of wheat yield under drought conditions. Journal of Arid
Enviroment 61: 483-496.

22. Liu, X. M., F. R. Zhang, Z. B. Feng, Sh. Q. Zhang, X. Sh. He, R. Wang and Y. Wang. 2005. Effects of nano-ferric
oxide on the growth and nutrients absorption of peanut. Plant Nutrition and Fertilizer Science 11: 14-18.

23. Liu, Y., P. Zhang, M. Li, L. Chang, H. Cheng, S. Chai and D. Yang. 2020. Dynamic responses of accumulation and
remobilization of water soluble carbohydrates in wheat stem to drought stress. Plant Physiology and Biochemistry
155: 262-270.

24. Manal, F. M., A. T. Thalooth, A. G. Amal, H. M. Magda and T. A. Elewa. 2016. Evaluation of the effect of
chemical fertilizer and humic acid on yield and yield components of wheat plants (Triticum aestivum) grown under
newly reclaimed sandy soil. International Journal of Chemistry and Technology 9: 154-161.

25. Magbool, M. M., A. Ali, T. Hagq, M. N. Majeed and D. J. Lee. 2015. Response of spring wheat (Triticum aestivum
L.) to induced water stress at critical growth stages. Sarhad Journal of Agriculture 31: 53-58.

26. Mohamad, W., M. Igbal and S. M. Shal. 1990. Effect of mode of application of zinc and iron on yield of wheat.
Sarhad Journal of Agriculture 6: 615-618.

27. Nakhyeinejad, S. and G. R. Moosavi. 2015. Effect of irrigation interval, humic acid and sulfur fertilizer on
morphological and yield traits of fenugreek (Trigonella foenum-gracum L.). Plant Echophysiology 8: 40-51. (In
Farsi).

28. Nardi, S., D. Pizzeghello, A. Muscolo and A. Vianello. 2002. Physiological effects of humic substances on higher
plants. Soil Biological and Biochemistry 34:1527-1536.

29. Narimani, H., R. Seyed Sharifi, R. Khalilzadehrazieh and G. Aminzadeh. 2018. Effects of supplementary irrigation
and nano iron oxide on chlorophyll content and grain filling components of wheat (Triticunm aestivum L.) under
rain fed condition. Environmental Stresses in Crop Sciences 12: 735-746. (In Farsi).

30. Narimani, H. and R. SeyedSharifi. 2019. Effects of supplementary irrigation and nano-iron oxide on dry matter
remobilization, yield and some biochemical traits of wheat under rainfed conditions. Cereal Research 9: 1-16. (In
Farsi).

31. Natran, M., H. Khalaj, M. Labbafi Hossinabadi, M. Shams Abadi and A. Razlazi. 2004. The effect of foliar
application of nano-iron chelate on the quantity and quality of wheat. In: Proceeding of 2" National of
Nanotechnology Application in Agriculture. Seed and Plant Improvement Institute, Karaj, Iran. 15-16 October. (In
Farsi).

32. Ostaii, M., M. Hassanpour Hosni, H. Esmailzad, D. Sadeghzadeh, B. Sadeghzadeh, A. Amiri, R. Eslami, R.
Rezaii, S. Golkari, K. Soleimani, Gh. R. Abedi Asl, E. Rohi, H. Pashapour, R. Haghparast, M. Aghaee, M. M.
Ahmadi, A. Daryaee, F. Afshari, M. Torabi, M. A. Dehghan, V. Mardokhi, R. Hoshyar, S. T. Dadrezaii and S. M.
Ata Hosseini. 2015. Baran a new winter bread wheat cultivar for dryland condition in cold and moderate regions of
Iran. Research Achivevement for Field and Horticulture Crops 3: 233-242. (In Farsi).

33. Pask, A., J. Pietragalla, D. Mullan and M. P. Reynolds. 2012. Physiological Breeding II: A field Guide to Wheat
Phenotyping. CIMMYT, Mexico.

34. Pourgholam, M., N. Nemati and M. Oveysi. 2013. Effect of zinc and iron under the influence of drought on prolin,
protein and nitrogen leaf of rapeseed (Brassica napus). Annals of Biological Research 4: 200-203.

35. Ravi, S., H. T. Channal, N. S. Hebsur, B. N. Patil and P. R. Dharmatti. 2008. Effect of sulphur, zinc and iron
nutrition on growth, yield, nutrient uptake and quality of safflower (Carthamus tincturious). Application of humic

Vo8


https://escs.birjand.ac.ir/?_action=article&au=16852&_au=Hamed++Narimani&lang=en
https://escs.birjand.ac.ir/?_action=article&au=10321&_au=Raouf++Seyed+Sharifi&lang=en
https://escs.birjand.ac.ir/?_action=article&au=11050&_au=Razieh++Khalilzadehrazieh&lang=en
https://escs.birjand.ac.ir/?_action=article&au=16853&_au=Golamreza++Aminzadeh&lang=en
https://cr.guilan.ac.ir/?_action=article&au=29573&_au=Hamed++Narimani&lang=en
https://cr.guilan.ac.ir/?_action=article&au=2651&_au=Raouf++Seyed+Sharifi&lang=en
http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html

[ Downloaded from jepp.iut.ac.ir on 2026-02-06 |

[ DOI: 10.47176/jcpp.15.1.258513 |

e D55 5 Olsbe sgls VEVE /Y et /10 DL/ 2l 5 o3 Y puame (Sosl 5 A5 4,0

substances results in consistent increases in crop yield and nutrient uptake. Journal of Plant Nutrition 32: 1407-
1426.

36. Rengel, Z., G. D. Batten and D. E. Crowley. 1999. Agronomic approaches for improving the micronutrient density
inedible portions of field crops. Field Crops Research 60: 27-40.

37. Salwa, A. 2011. Effect of amendments humic and amino acids on increases soils fertility yields and seeds quality of
peanut and sesame on sandy sandy soils. Agriculture and Biological Science 7: 115-125.

38. Samavat, S. and M. Malakuti. 2005. Important use of organic acid (humic and fulvic) for increase quantity and
quality agriculture productions. Water and Soil Researchers Technical 463; 1-13.

39. Sarwar, M., S. Ahmed, M. Arsalan and M. Khan. 2017. Humic acid affects zinc availability and wheat yield in zinc
deficient calcareous soil. Journal of Applied Agriculture and Biotechnology 2: 19-25.

40. Sattar, A., X. Wang, S. Ul-Allah, A. Sher, M. ljaz, M. Irfan, T. Abbas, S. Hussain, F. Nawaz, A. Al-Hashimi, B. M.
Mungedhi and M. Skalicky. 2022. Foliar application of zinc improves morpho-physiological and antioxidant
defense mechanisms and agronomic grain biofortification of wheat (Triticum aestivum L.) under water stress.
Saudian Journal of Biological Science 12:156-159.

41. Seyed Sharifi, R. and H. Nazarly. 2014. Effects of seed priming with plant growth promoting rhizobacteria (PGPR)
on grain yield, fertilizer use efficiency and dry matter remobilization of sunflower (Helianthus annus L.) with
various levels of nitrogen fertilizer. Journal of Agricultural Science and Sustainable Production 23: 45-57. (In
Farsi).

42. Seyed Sharifi, R. 2018. Effects of uniconazole and bio fertilizers on grain filling period and contribution of
remobilization in grain yield of wheat under different moisture regimes in greenhouse condition. Environmental
Stresses in Crop Sciences 11: 515-531. (In Farsi).

43. Seyed Sharifi, R., M. Ghasemi Kalkhoran and H. Narimani. 2024. Effects of some stress modulators (methanol,
nano silicon, and humic acid) on yield, activity of some antioxidant enzymes and biochemical traits of wheat in
different irrigation regimes. Iranian Journal of Field Crops 22: 327-342. (In Farsi).

44. Singh, M., J. P. Srivastava and A. Kumar. 1992. Cell membrane stability in relation to drought tolerance in wheat
genotypes. Journal of Agronomy and Crop Science 168: 186-190.

45, Tandon, H. L. S. 1995. Micronutrients in soils, Crops and Fertilizers. A Source Book—Cum-Directery. Fertilizer
Development and Consumtion Organisation, New Delhi.

46. Teimoori, N., G. Heidari and F. Hosseinpanahi, A. Siosemardeh and Y. Sohrabi. 2019. Effects of foliar application
of humic acid and iron on yield and yield components of Sardari wheat ecotypes under dryland condition. Plant
Production and Genetic 1: 3-12. (In Farsi).

47. Tourfi, F. and A. Shokuhfar. 2019. Effect of humic acid on yield, yield components and physiological parameters of
wheat in deficit irrigation conditions. Quarterly Journal of Plant Production 9: 121-132. (In Farsi).

48. Ulukan, H. 2008. Effect of soil applied humic acid at different sowing time on some yield components in wheat
(Triticum aestivum L.) hybrids. International Journal of Botany 4: 164-175.

49. Verlinden, G., B. Pycke, J. Mertens, F. Debersaques, K. Verheyen, G. Baert, J. Bries and G. Haesaert. 2009.
Application of humic substances results in consistent increases in crop yield and nutrient uptake. Journal of Plant
Nutrition 3: 1407-1416.

50. Wang, X., Z. Mao, J. Zhang, M. Hemat, M. Huang, J. Cai, Q. Zhou, T. Dai and D. Jiang. 2019. Osmolyte
accumulation plays important roles in the drought priming induced tolerance to post-anthesis drought stress in
winter wheat (Triticum aestivum L.). Enviromental and Experimental Botany 166: 103804.

51.Wyszkowski, M. and N. Kordala. 2024. Effects of humic acids on calorific value and chemical composition of maize
biomass in iron-contaminated Soil Phytostabilisation. Energies 17: 1691.

52. Yang, J. and J. Zhang. 2006. Grain filling of cereals under soil drying. New Phytology 169: 223-236.


https://jwr.uok.ac.ir/article_61001.html?lang=en
https://jwr.uok.ac.ir/article_61001.html?lang=en
https://scholar.google.com/citations?user=HC_1OhoAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=9Hpc6mgAAAAJ&hl=en&oi=sra
https://scholar.google.com/citations?user=TIyWb2IAAAAJ&hl=en&oi=sra
https://www.tandfonline.com/doi/abs/10.1080/01904160903092630
http://dx.doi.org/10.47176/jcpp.15.1.258513
https://jcpp.iut.ac.ir/article-1-3350-en.html
http://www.tcpdf.org

