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A pot experiment was conducted to investigate the effect of foliar application of Zargreen
organic liquid fertilizer on the growth, chemical composition, and water productivity of maize
(cv. Single cross) under drought stress conditions from November to March 2021. Treatments
consisted of four levels of foliar application of Zargreen amino acid fertilizer (0, 2.5%o, 5%o,
and 7.5%o), and three levels of drought stress (100%, 75%, and 50% of the field capacity as no
stress, moderate stress, and severe stress, respectively). During the growing season, in 1.5, 3,
and 4 months after planting, the fertilizer solution was used for foliar spraying. Data was
statistically analyzed and the effect of treatments was also studied using principal component
analysis. The highest greenness index and fresh weight of cob were obtained with foliar
application of 5%o organic fertilizer under the highest drought stress conditions. The lowest
number of leaves, fresh weight, and plant height were observed at the highest level of drought
stress, which was improved by foliar application of the organic fertilizer. With the increase of
drought stress, the shoot concentration of copper, manganese, and zinc increased due to the
decreased plant dry weight under drought conditions. The highest concentration of these
elements in the aerial parts of maize under drought stress conditions was obtained by the high
foliar application of the fertilizer. The highest water productivity was obtained with the foliar
fertilizer application at the rate of 5%o0 under the highest drought stress conditions. The results
showed that the most positive correlation between the studied properties was obtained with
foliar application of 5%o of the organic fertilizer. It can be concluded that foliar application of
the organic fertilizer has increased the plant's dry weight and reduced water consumption,
consequently improving water productivity by helping plants save more water and supplying
essential nutrients to plants.
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EXTENDED ABSTRACT

Introduction

Maize is the third most important grain crop in the world and its cultivation is also very important in Iran.
In arid and semi-arid regions like Iran, due to the lack of rainfall and the increase in temperature, severe drought
stress has a significant effect on the growth and development of plants such as maize. This stress causes various
physiological changes in the plant. Drought stress disturbs the nutritional balance in the plant by reducing the
solubility and nutrients absorption. In order to reduce the negative effects of drought stress and improve the
performance of plants grown in these conditions, proper management is necessary. This management through
using some modifiers such as organic compounds can improve plant growth in environmental stress conditions.
Considering the importance of maize cultivation in Iran and necessity to preserve water resources, it is essential
to study the efficiency of water consumption in maize. Due to the low efficiency of water consumption and
excessive use of limited available resources, water consumption management is very important. Therefore, the
present study was conducted to investigate the effect of foliar application of Zargreen liquid organic fertilizer
on the growth characteristics, yield, and concentration of nutrients in maize shoots and also to investigate the
water productivity index under drought conditions.

Material and Methods

A factorial experiment was conducted in a completely randomized design with three replications in
greenhouse conditions in November to March 2021. Treatments consisted of four levels of foliar application
of Zargreen organic liquid fertilizer (with concentrations of 0, 2.5%o, 5%o, and 7.5%o), and three drought stress
levels (100%, 75%, and 50% of field capacity, FC as no stress, moderate stress, and severe stress, respectively).
During the growing season, in 1.5, 3, and 4 months after planting, the fertilizer solution was used for foliar
spraying. During the growing season, the amount of water consumed was measured. Two weeks after the last
stage of foliar application, the greenness index and before harvesting the height of the plant, and after
harvesting, the fresh and dry weight of shoot were measured. Shoot nutrient concentrations were also
determined. Data was analyzed using EXCEL and SPSS software packages and the means were statistically
compared with the Tukey test at 5% probability level.

Results and Discussion

The highest leaf greenness index and fresh weight of kernel were obtained with foliar application of 5%o
solution of the studied fertilizer and under the highest drought stress conditions. The lowest number of leaves,
fresh weight, and plant height were observed at the highest level of drought stress, which was improved by
foliar application of organic fertilizer. With the increase of drought stress, the shoot concentration of copper,
manganese, and zinc increased due to a decrease in the plant's dry weight under drought conditions. The highest
concentration of these elements in the aerial parts of maize under water stress conditions was obtained by foliar
application with a high level of organic fertilizer. The highest water productivity was obtained with foliar
applications of the fertilizer at the rate of 5%o under the highest level of drought stress. Results showed that the
most positive correlation between the studied properties was obtained with foliar application of 5%o of the
organic fertilizer. It can be concluded that the use of organic fertilizer on the one hand by helping plants to
save more water and on the other hand by supplying essential nutrients to plants has increased the plant's dry
weight and reduced water consumption, and consequently improved the water productivity.

Conclusion

In order to reduce the negative effects of drought stress and improve the performance of plants grown in
arid conditions, it is necessary to apply proper managerial practices. These managerial practices such as using
some modifiers (e.g., organic compounds) can improve plant growth in environmental stress conditions. The
results of this study showed that in all drought stress levels, fresh weight and height of maize plants increased
with foliar application of Zargreen organic fertilizer. The highest concentration of copper, zinc, and manganese
in the aerial parts of maize was observed under drought stress conditions after foliar application of the organic
fertilizer. Zargreen organic fertilizer, with significant amounts of amino acids and nitrogen and a lesser amount
of essential nutrients, can be a suitable supplier for these nutrients and have significant impacts on the growth
and nutritional parameters.

Author Contributions

Conceptualization, M.Z. and E. G.; methodology, M. Z.; software, M. Z.; validation, M. Z. and E. G.;
formal analysis, M. Z.; investigation, M. Z. and E. G.; resources, M. Z. and E. G.; data curation, M. Z;
writing—original draft preparation, M. Z.; writing—review and editing, M.Z.; visualization, M. Z. and E. G.;
supervision, M. Z.; project administration, M. Z.; funding acquisition, M. Z. and E. G.



391 Effect of organic fertilizer foliar application...

All authors have read and agreed to the published version of the manuscript.

Data Availability Statement
The data supporting the findings of this study are available in the manuscript.

Acknowledgments
The authors would like to thank Fasa and Shiraz Universities and the Innovation Center of Zarnam
Educators Research Industrial Group for providing all the needed facilities.

Ethical considerations
The authors avoided data fabrication, falsification, plagiarism, and misconduct.

Conflict of interest
The author declares no conflict of interest.



YAFY—YEYY b

Homepage: http://ijswr.ut.ac.ir

Y o o (AF 0,99 ¢yl 1 SB g 0T Wliuis alono

O, 4 u‘ 89002 9 2l polie glgiow ild b)SJ.o.c).g‘:ﬂ 35 Sy u.wb‘jsbu I

i Ly J“:’.‘)"*’ 5 (Zea mays I—-)

T kS o3 [P 3 saal; 01 g0

zahedifar@fasau.ac.ir; :asbll, .ol pl lud dud oKl (65)gliS oS> (Cans oustito) (6y3550] g &5y 09,5 ¢ Jofume odinur g )

mzahedifar@gmail.com

edris_gavili@yah00.com :4sbll, .ol o, K yaus 5l oyl ol )5 o Eisem 3 gy imiao 09,5 (S y9lgs 3500 Y

oUS>

4

Ao OlNb!

i 08y 055 losd oS5 5 25 3 00505 I e 395 (Slhsloe Sl oy pslaie 4 ol iaghy
sl sllog s ol VE- o wiial b Ul 0 (Suts 55 byl 50 O opgorte sl 5 VAF lS
5 (32 2 VI0 g )l 530 l5e 3 VID Gho Glle L) )55 dnslginel 358 5L Jglone o slez Joli
OB g bawgle (BT (A (9 o Ayje Cudyls 403 B0 9 VO deie b i) (Suid i e
Il 365 Jgloo 5l casls 5l am ole ¥ 9 ¥ V0 claloj )3 g Cog duwr b sy Jiad Jobo 3 .0509) (s
4 45 by boad 038 4 slajles x3b S oslatul (Sbgkxe sl ol S5 lacdale b (S5
& Bhdgle b M 55 059 9 Sy (Sujew adld cpjidin o83 Ui gl A adlllas (Lol (slaadlse
OB )3 &g €)1 5 5 (59 Sy a8 (2 y5e el sy (St s G5 Ll )3 5 00505 355 Jl5m 0
cble  Sis Gi5 Gl b awiso deto 1) ol JT g8 (il Jgle a5 Jbyd 505 sdalie (S s
i3 L aglge balpd )3 ol Sts 59 il s o 2Bl (Bl )5 lsm pluil (g, 5 51K (e
1355 5 V1D pdaw p3 (5L ol b e i bl s 15 @) len plil > polie opl cdale oy i ol
O b agalye 5o 5 )3 gy oliee 4 055 (b slome bl )3 Ol (69000 paSLS (s el s
B gbrn b aalllao 390 (sl Shg e Cute (Sitsod (3 s & 315 (5 golis ol Cawd 4 (s 05
s Lais (gl oS 4 SeS L g G 3l T 368 5,0)8 S g e el cawd 4 JT 368 Jl5m 1)
gord ol Bpae jials g olS S (g Gl s ol (y900 (16 polic el b S0 (sgm 5l g

ol 03z dga |y Ol (690,40 455y

g5y Alie 1o £o5

VEYIAY 1Bl > & ,U
VYAV 16,5050 & U
AR VARVA RV VRV TN

V- Cutigs)) 3 Wi g U

(S sleojly
(shgk) )5
(ohie yole

NERRNES

https://doi.org/10.22059/ijswr.2024.384485.669823 YAA-¥\+ () 05 5w/ SE 5 of clidix dlxo . Suid a5 byl s

I o8ils ol Ll A 1yl

DOI: https://doi.org/10.22059/ijswr.2024.384485.669823



mailto:zahedifar@fasau.ac.ir
mailto:edris_gavili@yahoo.com
https://doi.org/10.22059/ijswr.2024.384485.669823
https://doi.org/10.22059/ijswr.2024.384485.669823
https://creativecommons.org/licenses/by-nc/4.0/

FAY e lgione il 3,80es 2 I 355 (52 (lglone 513ks5 9 Sl (g3 — (oole)

-

400
25 g sl I8 5 (3h5 el 13l o o] cutS g 000 o e glalE o (roges @i g pAS I g )
drwgl g My g Ay JB LSl (SS wad I ded ili8l g (S5l dgmeS b clpl jeuiS wile (SUiS dow 9 SiiS
o i ol il Solite ol o5 ke Jgbo g oLS My dls o ¢ LS 4565 o5 d dtun p3U ol ad a5 3l )3 wsle SlalS
g &l.o.»)] uulblg Cuw ‘LES‘“) BT L VRN oS )‘ ui C?P 9 CMA‘ clale uu.,‘).‘ll Dgad o oS P u.»;b; &)9]94)..3 ul)...uu
Mo jials ol o8 (5 Sl gl Son 51V Y (o) Kad g (6 pmas) 395 o0 0LS 0395 Cnn) 9 Ay dmwgs LidlS « Sy prdaws ialS
An g 55 oLt sy Ol G (ST I slo JISuoly S5 Gl33l ejitosid 5 g5ty Soali)
Cow & Sutd 5 blys s (Yahyaabadi and Dehghani, 2021) cul gy ges g e 3l o 50 dadijgy b diu
olS » I8 Sis yig (blS jo slge Jlnl 5 (gilwesle LialS doni)d 5 piuwsid sy il (S pdaw EalS (il hals
alos 5 Jobo (ola,lislo 4 oSl y50aS] b sladisS g o ol o8 L5 pae @l i1 51 .(Batool et al., 2015) wb o ials
uiis osllasl ol 31 .(Li et al., 2020; Ahmad et al., 2022) e o (inlS 1) L89S (oIl g ol g 00,8 alas Cuodlyg IS
2 b G 5l (Sis (i e pials ao s e B Y 5l olS 5 Slae ol pSen o b agalge o g ot 4 i o S
(Yordanov etal., 35 e la i Sy Jlis )3 olS (gilopglio Coled 10 9,18y )0 ekl o (poumdgplio slasin] B 5l (55
O dgaome Jud 4y ralS pl aS dad o pialS ) dBle & slge pl Janl g sy bwg oliE dlge wls  Sis 15 .2000)
SSus s (Moosavi et al., 2015; Moridi et al., 2019) col olae 3485 ials g Jld JEs! & osile ) ol (5,85 cas oo
2 I olas ials caw Gyl cpl 59 0yl eally slapius yo oS b Mg (SWH5L i Jelo pandl ialS 5,k ]
el ials g culdMs yials gk 5l (Sas i WS ol Heidary et al. (2016) (Sepasi et al., 2012) 305 0 &) &g
olS 5 Sles Doy 5 (Suid i aie Ol ials jslate 4y g o 1S 6lS 0 (ol 4is ol 0 ppp cuw glie polis
Kile WoaiiS” pMol 3y 55)5" 3ok 5l Wlgh o Cu e cpl il (590 ccamlio Copie a4 oliwd oyl pl jd Al W,
@ kS oot 5 e i diuel (bl S oS ame iS5 Lalpd )3 oS Ay dguy 4 disel sladl 9 JT LS )5
OS] BasS 155 o (35 YT 5 e (oM Wile disel il geo a5k 1 (6 pousl pulais S o W] SCtS i
& Joo5 a3 b diel (sl eizmon sl (S5 G5 L ag2lso )3 el gl (sla i Jsbo 099 PH. oelas 5 Jlub
183 e s Gilies Sl gl s 1ol 3)Shas 5 0%, Sitaogth o 3l 4t 53 5 Jbg)lS Calé G5l ¢ s (sla i
(Faten et x)ls (i mogee g (2 52 g0 (BLS (slopyseyon M g2 (5] dadijyy (A sy 93l 1 dol Seabiglt (13958
(Faten s cyd 3, Slas g by ol 38l Comw B pae oS polic g pawls i o590 o iol33l b aiel sl 5,8 .al., 2010)
Sy als lia 59 g ag gl «SiS yjg 0 e ME 38 Lol L5 (W) o)) 5 liugs 4> oS> et al., 2010)

2l ULN; d)bu.;.m

(Nagy, to o (ials' |y olS dnugs aeiyd 5 lié jolie 5 Ol Qla g ((Sus 45 amd 0 (L5 ()l slo gy 5
Gy 0 &l i Hd xe il o (S 15 Lol olis (WWAY) o) ¢ 05 oLs, .2010; Gavili et al., 2018, 2019)
Syd UMy 5 aild sl o ol 5l do 3 A g 5 Jlade 4y JleS a5 il b 6,05 Lime 50 b <yd M, ciyd, dlas
dos ) g siewl Hlid )38l cuw (Sis i Cakmak (2008) (slaaidl yolwl y (WWAY ) Kon ¢ (53L8) ol yials
ol auty) aby sh)y (1ol L S0 (ggw il g Bpan o5 g Bpasy polie Gl g S o6 5 olS by O Gl talS
Sbus 0 (olie polie 59uS 1ol Bua b calises sleowds SluS 5 (19938 g 0 oS polic Gl dond)d g 6d D90
ool 485515 a5 3590 Iyl
5 Shiejy slddsS 38 s 15T Wl 5, Sles s pme LEal caw ol o5 i s b (VX)) e g g
9 Rajaie g pogeaie (i baulpd )3 ofgds a5 A (55 g (A5 pas byl 93y (0 1S 5 Sl i3l o Silwalosiwl



(‘:\Ms}l - u.oj&) V€4 & bb%b)‘ ¥ b)w o7 2,93 “’,‘).3“ S 9 gi oluisy AL

S 5 Sy S 155 d9us 5 5oy Gl conm o JiboslS 155 G L 1o ] (30381 5,8 oLy (2009) Ziaeyan
SialiS Oladgr ]38l Cows Wlgi o oliowss (slodgS 518 d ST 005 > dily 5 Shas iul38] Cogo aes ) o dadily J
pgans 2075 cqoirsST LS08)T Ll 53l s g 53905 3yl Camgj Lamo s apsllaoli 51 el 5 ol 51 035 ¢ o315 o3lizasl Lol 3045
j edlazwl (Daneshmandi and Seyyedi, 2019) i (wwj g5 LiblS g laore I olis jolie céyyun o SB iloyd
oL drwogi g 13y situogtd 5 Jido)IS ljre I3l (LS Sl g S i e 0 S s & laalsial (sl o lS s
Olore 5 gy yg) Sl Cradlly ( S9N ) s Lo Lo |y pls 3, 8Mae 290t 5 (ame G (slo i 4 Cunglie 233l
5l Brae L ol bilg) bt b a9 0ad Sy mly Clale (I s WoouisS Mol 5l (gl (09331 (ITAY
(Wang et al., 2013) wiad o dgup0 |y (S (a5 b agalae jd olS ay Loyl yis

Y i slae L 1S s Slae 5 2552 )3 8 2l i (g gy i) i S0 (s (VF4T) lSon 5 (5L
booljl ael olaal (s Ly 5 5,8 sy HLis (VYAY) (eagere el cawd 4 JolS (bl baslys 55 1) 5> aigel (slaswl p,5
digaligl (Bl slome b 3955 Ll rusliy 5 jiud €595 duo)d (e A5 3959 &l (g Gl s (59558 Aoy Sal3é)
9 40y GRIB o Bpao o5 polis g puaslty o oyt il G5Bl L el (slaagal (39381 3l LS gl e ]38l
(WA g eed 5 g ygn) 15 )3 3)Slas

Rl a9 il yide PH caw 4 (Sol g ol (laSE 5 bogs g JI sosiSeNal (B (SB o)l
d9 0 polic Sy buwy Ol g SB Sogll Cows cpimen )5 polie 39S 28, > Sliix o1 sl SluS 5 (o Mol
55 6y S sl wtamsST (539 5l g oy oS )3 1, o 39805 Wilgi oo puolie 5L Jsbrs gilse oyl > (Najafian et al., 2022)
w9 oS 5 Sl ol cled maliEl caw (Seogen iS5 3L Jgle imgk > [(Rezaei-Chiane et al., 2017)
0l il 5 Slee awlginel (ggime I 39S 5L Jolxe (S 3,8 (Zahedifar and Najafian, 2023) s ok
Tl 3 5iSie g oonl (Bl Jglre aimghy )3 (VF) (lSen 5 Bganli) ol Ll puS 0 ol Gpas 5 (Kij
ol (VEY) oL 4 o (Aghdasi et al., 2018) sy zals' jilo olS i 59 p (i85 gllasls ,BT 5 i a5 caliseo
fSa 5 isanl; 395 S lS ol s o8l eizat polie ol 3908 Sy b Slgige e oS ol 3l Jgee sl
355 il S o (i 5 sy S e (i S e > (55 s Sy LBa)lS iy 5 ol (1¥-)
2l Gialial sald 4 Cud (o) e jebay 1) (35,8 a5 ol gl JI S 5 bl Jelore idly ol Ul sl cuwd 4y I
sl aw oyt 2)5 L (Sugbo) G g (b S5 LS )3 (2lgn Pl e 9 g9y Clal gyt gk
Ml 358 Gl b (oS 5l (65,9US SV guarmo 15 B b pl5 i yd oy ixiao 09,8 el camd 4 g8
M oSV (slrosl, 1 (Ko gt 4 S 5 ) sl 03905 g G L L 3l g (alS LS5l 0055
o5y opistand <CpmandS (YT ] SoliglS Jolis caliste slavaiel sl (s ¥/0-F/0 3905 PH L conls asliss 5
pslly 5 yind )35 Jold (LS Sl 3)90 alie polis 103 ) Slil p13 & ysd 5 3 mmoslonl oy (o B
oS 5 g by 365 ol 3l o)byd (g3gamme lalllas aSi) & dn g b aib o ST odle o3 Yo Lo d ¥ g VIO ¥ line 40 oy 4
losd S 5 9 08y 2358 ol Sl el Y plpl c0ad plosl gugboy 5 kil yd ) 0hagar (2] OV paze CukS g (pliend
255 )5 Limgd g ptalejl 3,90 ol (590500 paSLS sl e g lalS

@ adls ol ) Cueal Jhun OF (yg000 pa3LE 4 do g g @l 3508 Ll 3 (bl Ay 4 oliws jolate 4,
opl dgup > Lol Ban g (Abbasi et al., 2017) Wl o Cund 4 (Bpas Ol pxe w5y a5l 4 295 e 415 Jgame lade
@b dagi dyg0 ol pl aile  Siid sble (3 059 Bun pl 4y oliws .l Ol Gyae ialS b lojen 3,Sdes ol 8l ¢ e i
Sl g gopadls Jl (Sl cglite )l g9 5 orldl bl cou g il GlalS 0 Ol (gyg000 LS
bl sloted ol e )3 st (5l gy 4 sl )3 (el pas s ol sl Ol o sy sl 4y 5 ,Slae Jas L «(g55la8
(VAR ghlen 5 (alire) canl 0ad ()]3S caxSapio oS okS ¥/0

023l adlllas Coonl (Suis dag g S 3ble )3 ol plie Lais pgi) g olul 0 ©)d CulS 5 Cong B)S J5 5 L

ool 0 T G Gy e gnge game mlie s 1 i odlitl 5 T (091 o5 & dog5 b ol ()90 )3 13 O (90,0



Y0 Sy il 3,8kos 1 JT395 5 ilglone ik 5 Bl (g3 - (oole)

Hhdgoe Bl gwyp Ban b sl Gimgh cplpls sl (03b5 Cusnl Bl (555l 3 ol Gl jglite 4 alS o L
oo g 9 ©od o)lusls > lie ol clale g5 )Sles d) sla Sy 2 0055 le 255 )b pb L I 0aiiS ML
Sitd 15 g JagS bl Jglme slayles 13Uy iog elate 4 (izzen b plosl gy (5 cov Ol Bpas LI

5 ool (ol saadlge 4 4525 (Be) 1 )3 olewd S 5 9 45 o Sy 2 adllae 390

L gy gdlgo

SB adgl (aalowd 9 (K528 SS9 o 9 5jLwedlel g ans
Loamy skeletal over fragmental, ) aslol (¢S ¢y (ihow () B S (¢pio ko Yo U jao o 5l 5L 3)90 S
&lg 9 by b3l oo 51 (g0 VADY £l 13) w8 oliwl oEsl asaio 4> &y (carbonatic, mesic, Fluventic Xerorthents
o ok 2y5e Sl iy ((Jlad adBs 0 9 423 YA oldlaa (o0 9 (B adB ¥F 5 423 O bl Job
N oolal b SB (aliasd 5 (Su3:d SlaShs (S 5 00 58 e 0 Sl adigad I iz 4l SiS g spglee>
(Gee (s yiegyen B9y 4 (S 5 oy b SIS (o Slol 3 ) SB- L 1bind (S 0jlul o b 4 3 bl Jgons (sla b,
ol Slog S o b GiuluST iy 4 JI e3le (Thomas, 1996) yie slacs sliws b glusl yed )3 Lilacs @nd Boder, 2002)
0599y b Pl meadS ©lio,S” (Nelson and Sommers, 1996)  Sligw s (59, 4 Cgyme Sligugyd posgel b 53,8 55 yaw
S S awcolan dwgdy gludl o,lac 3 (S5 Sl colaa cobls (Lopert and Suarez, 1996) <G ,u,05 sl b (ygmol s
U9y & JS oy5ess dOlsenetal., 1954) wawcly)S o b (sySojlas b g opudsl (g, 4 odliiwl b6 aus (Rhoades, 1996)
(Lidsay 1o 5.d b spSo,lasc (39, 4 (0] g g9y e «550) (598515 B pmnnS polic clale « (Bremner, 1996) s
Y gazs ) 3505 365 () Jodn) 1 (5505151 AA-BT0 coilonss o il s o5zs L él,5 g and Norvell, 1978)
odb 03,51 ¥ ojled Joiz 3 45 ol Sy b ilisee atal slasel (gl Jlas plgie 4 ply5 Sisun b dmghy ixio 09,8

Sl g 03Lw] 3590 SIS adgl (b 9 (Suud SS9 S ) g

Jlade ) SR
V¥ Aoy O
¥¥ loyd s
¥y Aoy )
Silty clay - calb
¥y 1o Joes el ol 5
A o yd Slosle
vin - Sl
/o o e o Sy clan el
- o yd S5 Giass
vs ooy BB jaud
o/¥ orwd B al
" S oSS 55 o5 e s L e
VY o> BB )
¥/Y ooy BB 3K

02505 I8 s S -V Jge
() awon 8151 diel apw!  (%wiw) jlado OluS )
<Y Seoligl5 pnol Y- JS ael sl
-Iv¥ CyenlS 4 Sl el sl




(W’},{ - U-O-LC) V€8 oh%b)‘ & D)Lo.w o7 8,93 ca'ﬂ' S 9 yi UM a1

¥ T v I8 oiore

/Y ol Y/o (P205) o yrwd B yauud
VY OB v (K20) o 5 Jsloxo oruslzy
-IsY osY1 N (OC) JT s

AR on v OM) JTasls

- odls Yo pH

e s3] () 20 -

- o oo @) )

AV o) ooy (Fe) ool

GBS 3 ol cuiS
oo BCBIE L) 45 fSin p gy et 09,5 ) 03 48 (0555 S5 5 dpalgial 355 ik Jolons s o b
oS okS zn SB gladiges Ll (5 . 00g ((Sild LAd (5 5 bawgie (AT (D e cud pa) (4850 Cudyls Aoy (WS0)
Sk u?b)T C"L"’ u,ol...u‘ X9 U.»L\.C ).ADL-C ).’l.u) L;n.o.'b-l .)5.«.4;5 )] L5)“§9'\> )3.‘a.mdu A 0ld )‘)5 é.u.wM: dl.tbdu.ms 0D U g o.)LoT
Slalgs Fe- EDDHA) opal &S gl qalio 51 5 515 3,90 Mo 4y o 5o (oo 9 (59 55500 ol (1390 polis () Jgi2) 4
s it SIS £li5) 5 by o YU b (el i dy sta s Vo g VA Y slal b Setodly oo S5k ety celopals 515 &
SIS n 3 gy g 4y bl Sl 5 S5 Lol gladigy atin g3 ) us () SE) A5 423 anlie Bas 55 V¥ LolS [Siaes
02938 b o)le] o 0 SB T o9i08 e 5 NS Wlig) (398 b ad) Jad Jobo )3 0n 1S5 gl golaw b ool tals
L GBS STis g JBlis celos 0y b Jobo 3 05 Jlac (edlS 5| yug atim 93) el ol 1 e Wl 4 o33 Ol o
Sowol ginel 365 (slay Jgleo 5l cuslS jlam ole ¥ g ¥ VD slaylo) )3 g Cugs dw (o by Jad Jobo 53 b (g xS0l ls grile

05 o3lit] 3l Joloxe (s 005 S (slaclalé b odlitul 5,90

BAICIS 0,3 oL 1 bud dugd pglal (A ) S

ol Cudld 2 g iy L S 39 (6505051
Joslital b Sy (Siajaw olise dloyo 93 (o (CudlS I gy olo ¥) 0y Juad (slail & S35 g (€l 1 uy ole ¥) Lawlyl
Sl o3lizol U 1S s grdans 5 1Sy i gy £lisy] VFr e Mol anslg) 1 i (6108 5:S0ln g (6 5S05I5] o> yia Jubg 1S ol
8 b wad catly SB gaw jl sl I (LS N (Saew) J g g 48 Jad Bl 3 ab S ojlul (uslad A2



YAV o g il 3,8kos 1 JT395 5 oilglone 155k 5 hisl (g3 - (oole)

ohie Ol g g oo Ol b g 9 (5 3g) 02588 3l o 03 Cedlogy o Pl A5 (68 0310l ol slo (S 5 iz
Sl dliwgdy 5 (2595 008 SiS Sladigad Al SiS (gl )3 Call (g & ey U ogpedes 4203 P0 (lod 5 (LS sladiges
D )92 (S

olS (olonsd 4520

B s 0938 Lol b Jloy YKo 0,18 sl jid Juo O Ly g 00 jnS B ogundas a3 0+ glod )3 ol Kis o3lo p)5 S
o 00wz 4 oo Ul b osds Gl Jgloe poes 9 b 03> jgue ¥Y peily (Slo JE 5l osds o diges Lpums -Higad > Irdiges
o3l ol ol Sl 00litl L 5o g mandS polis (izmod 5 (595 5 o 53500 0] B o polie e 5 ud il 2
Ol o aaly <l il 5, Slee adls Sygo 4 Ol (9000 (RS A5 (6505l pwaleds olKiwd b pawlis 5 pdws polic
(hHen g ol o) Lol Cawd 4 (astie e b g )b bawgi oaid (65 05101) 0as B pme Ol woxs il 5 Shas 53,8 pans |

(2]
Woals (g kol Jalodi g 4155

v g S99l b bySike o plosl MSTATC 4 EXCEL (gl (claylile s 51 ooliswl b bnosls (gylel Judos ¢ 4550
alge 4 0355 by jl adllas 3)90 Sl Shg p (b sl ;U e hrogi pslate 4 0D duglie S5 L s gy Jlei]
A oolawwl Graph Pad Prism9 4.b , 4 (Principal component analysis) Lol sl

@55 3,8Mos 9 ) GBSy p1 (Subd (AT 9 (I 395 ilites Z sl (b Jglne ST

Sy (1 Jgi2) il oS (Sippa (a3ls ke 3lie 1 (il sine 3 I 298 (LBl sloe ol (LS il g 48 @l
W osimen (¥ JS) cdl Gl (o) e pe 5k 4 dald b auolise )3 (Shjus asld 068 (Sl gl zoka (131 L
a3l (ke cp i 3 L @l Bl Rl (Soje (adls olie (St GRS GRIEIL b Gl lnSle dnslie
dol Cowd 4y (Sitd (i duoyd B0 bl yd )3 g anlllas 3590 365 51 Jl5m 10 0 jles Bl Jolome L YA/eA lise a0 )b Sy (S
S Sallotand 3,08 51 e sbg S Lial33l oy ol o] gl 5,8 5,155 el gl Shi et al. (2006) (v Js.3)
bl Jo)lS Stsgn o Wl 90 Ol pudgilio b blS)l 5 (sfteg RS, oS5 ol GRIBH A Ui 4 el
cle a5 cdl yilhl as oS olS jd b S ¢ ol (i bl pd o CuvgaeS 09 3,2)8 b oy Lis Chinsamy et al. (2014)
5 GBS 3 Bl b (698 (Swsen > 4 il ()

@53 0, Ll polis Clilé gy G Shg p (SWid (AT ok g (JT 295 (Wil Jglowe T il lg 4355 gl - Jgua

Slape 0o
o,lus L polie cuale

8es 09 SR 039 POk S ews,l = oS e

o 8y P ol e el e medS T :;b ’ ‘u:) D,L.::u é~;~w 55 4;,: @

Sy

*AR/AS YOSY  FEYYEY #FFLYAVY ¥EYYE *YAFY kYavEs.  A.FAA sYlav YWV OEIYAY *Fia \Y/0A Y/AO*F% - FEENY Y .)55

SISV *\ER QA FEASAEE YO[. Y.V VXV FOAYVE . YVE/+ A %)W YF ¥*QFSYY  *FY5 FRVQAA VO VA FFAYY A Cogb)
<Ay FEPFY FN0e FEAVYSY #E0AF FFFEYA VFEYAY  ALvvy SYlov \Yai Yors \Fo \a/-y ¥V e \2d 5 Cugby x2S

VAN YY) OV/OY  FEIVY Vs YYA YEEYY  SEYYA V5 ) LA Va5 VA/DY o[-0 £\ Y¥ s

o/os AR AUAYYIYY \\rig VAIZY  ¥[e¥ V/o¥ VoY AR VWA VFY WA V/AY a/fa Yo &y i

S595) 5 Judg)lS clalé il o g5 53 Jlab (sl ST elgil Mg b (Suts b (L b gy (B gl
S i bl > itwed sdilass, ials (2005) El-Tayeb xls el , (Farooq et al., 2009) 35 o oylS )
Sglite gl bl Mido)lS” w51 colled (I3 abasg 4 Jido)lS o 55 5 (g sl puSlieS (600 > 4 sl (S



(dwhsj,g = ‘:O.LC) V€8 bb%b)‘ & D)Lom:! o7 8,9 ‘&').ﬂ S 9 yi wladss  YAA

5 Fuog plgd Canl Cglisie ((Suid (A5 ) S 0lS o adisS joben 9 Blisie GlalS Cuwlus da3 o0 (LS laiagg
PSS 5 dalaggy (B pelel g sl A 4 Canglie (Sofglgr b padlh dlex | G bulyd cod S idg)lS Lais
ol 2315 (5 oS b lS

S o olass

duglio U5 A3 olS Sy olas yy (glone Jl (SS L5 Giman 5 I 258 Bl sl o Gl Guilly 40 @l
Boy yd Sy ol (1l do > S o 0 b e il e (Sl (T 0oy B0 9 YO zolaw 3,8 ol L 15 b 1 Silee
28l Sl olS slaS y oluss (il (I 265 3,18 slans (I3 b ol (LS s psien (Y Jgaz) ab aald L duglis
S o 53 (5 sine yoboay dald 4 G | olS (lacS yy ol aalllan 3)00 OF Jl3e > dieliul 1) O Sl Jglre LS sz po

el cawsay J1395 im0 0 b Jeloe b S dlaw pSibe oy yitin 45 (6 ygbotu Y JSCB) oIy il o yd Ve lise 4 sy
s o1nlie FOWS0 5 FEWI100 (gl lass 5 ceiyi 4 g2 3 <53 0085 (1+) cypieS 5 (VF) oy

s 3,8Mes 9 I 039
duglio goli .cutly s 3ySdes g M 3 (g 2 2oy Ko gaw 3 )ldne J (S G35 ol ol Guib)ly 45 gl
b & o) ol b b duslie > als 3,Slae 5 IS iy 46550 Cabib dops e g bl 53 0l (LS oSl
G aze 3 aall b duslie )d dslllas 3)50 355 )5 10 0 9 Y/B zolaw 5,8 (¥ Jodo) cdl ioli8l ko yd S o )0 (g)ld sxe
2 &l 3 Slas ¢y el o> 4 FEWS0 Jass 15 2,5 TAIVY olizm a0 o8 I 5 5 oy Y JS8) ablis ISk s
o 3y 5 )05 Ll 5 oS o3, 5 > Cslis o & Slgiisn o 35; gl bn singy oy ol 05 eanlite FOWSO Lo
3 S Ol gz i e Ll > @) aily 5,Slas w3y L5 (VEY) o, Kan g (gtomold il 55 b agalge oloj b g
3kac 5 28y ol JUis & 5 g (ol A5 iz |y 395 i 3550 i polie 5 o Wlgism ol T Jlis 4 o ol S
il 055 3,Slas (LS 03,5 1 egm 51 b5 005 S pp JdglS olive nlS o (S5 5 Syl alS e Sl
S il 5 Slee il amsyd g Suid i Ol jielS caw g g olbews 365 lojen oslil sl plis LT b e

A o S8 olie polic pwyiiod el iulisl g O s 4 JT g s sladgS G yunn S

B Snp el Bslie ML B oSl

120
"; 100
A
Jﬂ 3 80
a :) 3
El - v.] 60
«C "{1
3 40
<2,
20
0
D ¢ N N N N o N o a N
.‘\Q\ \’-‘.’\’3 \i:—: \Q\ Q":\" Q«R\ ‘.\é 0.:\ Qp\ O \i:\ \.:f)
O S - S DO S O P\ A )
< v a4 > 14 < S\ < <
Y X
blas

O D590 32 13) (28 43 W (339 9 S g Bl ild 3,5os ¢ K jaw Sl (SWid iT 9 (JT 855 il Jolome g lew WT.Y USS
5,10 (g lo iz WA woy5 iy Jloin | gebaw jd (S'g3 (39031 51 03Lk! U (g lol Jas 51 Wi S e S g8 By S, Jilus &S oy

s2lgd @Il 5 (59
5 g (1 Jyia) 25805 oS 5 i3 s 5 S5 G5 5 0055355 (lusbne o ol by 45 gl



FAQ o lgione il 3,80es I 355 (52 (Hlglone 1 ksS 9 Sl (g3 — (oole)

S )l3m 30 bb Jeke g 395 I3 e (g)lol yas 5l a8l 5l B dimym ol Gialdl ] olS 5 y5e cdalid b duslie ) aslllas
PS5 (g it (Y USKB) 01> a3l 003 WV (e 40 a0l b dusliie )3 o> iy e 53 ()30 pobo 4 ] bS5 (g
alge ol o5 i b olS &S Sloj el cawd 4 F2.5W50 o )3 (£,5 AV) o yieS 3 F7.BW100 jless )5 (5,5 WY) &3 olea
Ly il gl 5 g Sid 59 ool o5 25 Keshavarz et al. (2020) bwg )50 Limgy 5 (Sun et al., 2013) Wb -
b Jeloee wisly Lis (VF+Y) o, an g p80Ls .0 (Shg ol St o baslps (] 10 CawguaS' 09 250y &S Jbsjo 5l tals
cably Jalb gl 5 59 dguke 0 (6) D dxe Cute I (S i blyd 0 olie ol

s W Kle dulie azily w5gy £l5,) 1 (6)ls me 1 (S 35 wicmen g 1368 b Jglore sl Lt wib)lg 4550 gl
Oedred Wb dopd SO paw 0 Jald b duolie > wig glavyl )b pxe il cuw e yie Cud )b sy B SWS is ob
VOO (e & o FT.OWTS jlows o glas,l o s (Y JSK5) 0 Lisl38l 0o pd V0 9 Ve A (e 4l 5 & dio 0 S o 0
355 o5l oo g (de 30 Cud )b 1o yd B+ plaw (i ) (S i cov S ol Ui bt el Cawd 4 yie Sl
e b 20> S s 53 i) o stme Gl o (o3l Jolore ¢ A o (e )3 oS oy bl ialS gy glis) I
5 o g kol lberdsn (slolb dg b al (dlasul 03,87 s 1) (Sitd (105 e BT (bl sl €85 aon
05 Q5 a5 b ol (LS (V1Y) phlSen g (g e Nigd o g £155] G5l o (59555 I L (ien 9 (LS 5 L
@ 2als b dwslie 5 1) g £li5) qoad Ll >yl (lyls 395 il Joloe Lol cdly jialS (gladgle Silo oLS aigy glis,l ¢
Slise 3 a8 5 e &y 18 Jpulty G015 o S Jsb 13 oo (slacily T il i 3l il (sl sinessb
Ay slagigeyon gl ((Suid G5 laulpd )3 (pizmes b oo SRR g gl i ) 9d e baobe (A8 Sk sl )Y
wsteli ol .(Lalinia et al., 2012) wb o (ialS @g glas)] o Jolo punds (ialS b g 4l yials ady)y 5l oS gt A5k
(b 8 b 0 13U b al wile (Bpme oS polie (938] .l oad 555 Sile LS jd (Y+Y) o, Ker g (owlie bawgs
Gy glasyl Ll38l 5,8 4L Cakmak (2008) (Erdal et al., 2004) 39 oo a8l gy iy o (gjlo Olylngs ) g jiwgid
s il 5 Sy oSy > g S il Gl s siiagid 5o Lol 3 o & lié polie il Jpla (slaylas
Gg gls,l caBls o lsl 3959 9 st (sl Muowlgd g b )13 jiuogd p osbine 5l 45 oad LS Wi, (laoniS olas
=529 38 gk ool oS i balyd ) Jal gl g glis)) oy ieS Wisly olis Keshavarz et al. (2020) b o iol33)
G2 i) ol o5 G152 Lt (5)505 gy gl el Cundty CusgeaS 009 (199331 9 (B Sl b gl s 5 CusgiaS
(Ebrahimi- a5 459 £l85)] d9uy como (359555 395 3y)l8 cladds 9 o8 i3 ¢ B (oylol bl ys y3 a8 s py by Lzl Jals slins
Sborezi et al., 2021)

ails,l52 59
b ySle dglie (1 o) Aidls lsyl5 (359 0 ()l sime 1 (Suld G5 9 (52)5)) 395 (Bl Jsloee 31 (L5 il )lg 4025 s
ghaw ) )line b 4 (ugh) golaw b b dwglio 3 aillie )y e ze Cud )b woyd B (gb) S5 kalpd ) ol olas
o cabls wlbylin y5e gy bxe i aali b duslde (3 dalllas 350 355 3a 13 0 o V/O zolaw 2yl .l i3l o yd SO
A dalllas Dyg0 355 Zolaw plu g Jald b dwslie )5 lopd gy pdaw )0 Abjlia i S5 bxe ialS s 657 jl3a 3 V/B 5,18
(W <9y 9 (shate (shome) cpplo gl b zols ol el caws 4 FOWS0 [las )3 (p,5 Y+¥) il 3o 59 oy (¥ JS5)
doly 53 i dlasy il lia ie «Sid odlo (glasyl el s (SuiS is Lob i Paknejad et al. (2017) g coglate
(Shoa Hosseini et al., cul o ol 55 500 gl yimgh jd (Sis (i b abylia oyjs pials .cul o 5ySlos g pdaw
s iy Al yo 43 5eS 5 b oS gyr sloils Wg s U 3gea8 (2012) EMam 4 Rabbani elaasily ol , 2008)
Sy glampl cld Jials (glaie, coln (ials .l ol )b b (SaSg Coledyd g 03)9 oped (IR (g SalS



(onidos — (oole) VE+ £ olocaniqumd | o 8 lows 0 0,93 el sl SB 9 Of Colidis Lo+

08y 9 0lS 95 4 Wy o glis ol s el Ol D98 (glantaly 5l &l )lia 59 el deisyd g 039y dlge g5 alS ¢ glS

M. M) Mulsls e

o il gl
(8 3 p8) ciy

\
& S

<

oS gt 290 p 13) )3 dil3,158 ()59 9 Wigr EW ) 0 lud L 5 (g ¢ (S T 9 (JT 255 (Sl slome (5o Lo 1Y USS
()05 (5,15 oo WA duo yd gy Jlosis ! g 53 (SS9 (39031 31 23L8w! b (g5 lo] a5 31 aid S o S8 By S 5 Jlus

555 otlionss a3 1 Sy GBS 5 (00535 395 il Zshns (ol sl 1

g2 P o 9 (59 R0 o2l ke
Pl 580 clale 00> Sy o 3 gdgine Bl (S AT Gizmen g (T 398 (3l Jglone o (L iy i @l
2ls b duslie 0 ol); cud )l aoyd VO 5 O (Sid (i zolaw 255 3l LS 0 b pn Sl dunlie gl il @yd oles
90 N0 calizes golaw 38 (Y Joda) M duopd SO e j0 dald b awslio (0 olen pluil 356 clale jb sxe il caw
(F JSC5) s aali b awslie 13 )3 olen il 535 clale (coyd VY g ¥ YV b dxe il com JT 39S Jl5a )3 VD
Ly 53 355 5 9 VI il Joboes b S5 asle S50 53 05 o V¥ lize & b (olon ol 35ie e
ol Cuwd 4y (F7T.5W50) gy (a5 pdaws oy yidin

i S lon plal s Ly (ol simn 1 (St 25 5 1 395 (8 Jgbne o1y (i il 425 ol
clale )b gae iol38) o dals b duglie jo (ol); cud)l 0oy d YO 5 0 (Sl (55 zolaw 55,8 0 L 35 b 1 Slee duglio
il caw J139S a3 V/0 50 X0 Calise golaw 3,5 puioman b Mo yd gy prlaw ) Jali b duslie )3 olgn il ¢,
4 Oyd oled plul ggy cdale oy i (¥ JSS) Wb aals b dwglis (0 @y olen plail (ggy clale cao)d Ve g ¥O Y b jxe
aeyje Cudyls Moyd Br (Jhgboy (RS 9 (23505 395 lie i) B (b gle b Suid edle p)S5kS 3 25 (e VY e
el Cavs 40 (FEW50)

plS Ll o3 o P pun Iy (6 sinn 1 S5 5 5 T8 sl b oy L5 ol 48 ol
o pd gy e pd Al b duglie > olse plil e clale (]38 s dald b awslis 3 ol); cud il 0o YO 9 0 ol
Caliseo zobaw 3,8 Cpisman g Iy xe (ylol Jai j sals b awslie p ely; cud b o yd B pdaw 3,8 51 ks K e AD
caw 5 20ls b duolie )3 )d Llgn plil e cbale (chop> YA 9 VF OV Iy dme il w1368 a3 V/D 90 X/
D5 3 VID (il o by 5 o3la p,S5LS 55 6.8 o YAISY e o ol pla] pun LBl 3 iy (F JS8) 0 s
cble ( S a5 bl amd e Ui oS el cawds 4 (F7.5W50) ac)jie cudyls o yd 00 (Suid a5 balps (0 568
OB b dglge Laulpd )3 ol Sid (g B s 4 Nl e GIEI pl & 8L Rl @) e Pl e 5 g9y S
Sl (Sas

Sy 1] ol ey 1oy Sy s 3 (65 s 1 St 5 g 395 Bl Jgone S5 ol il 40 ol
OiblS o dald b duslie (o elyj cudyls dopd B0 9 VO zolaw 5,8 3 L by S0l duwlie gl (Y Jodo) aiily <))



£o) o lomo el 3,808 1 1 355 5 oSl Igbro 312 g8 5 B (g — ools)

caliseo glaw b Jgle 3 Uis b, Sile dunlie e b doyd S prdaw 10 @) lgn il pal clale 1 Sle Iy e
amls e > i ool p,SekS 3 p)5 e OVY e 4 olen il ol clale cp i (0 JSKS) A8 oy S o
opl s 2l g9y 9 555 b cors aaly s 0 Wl o (Siid 55 0,8 5] e opl clale zals el cuss 4 (FOW100)
O hKen g plod (6, Re) sin polie sla 8 g Janl g Gl gl yolie

cdale oS Jbsyo (il ayd glen plul > (g9, clale ( Sid (i (01580 L ol oLis Alizadeh et al. (2008) s
u.g“.)& ).AoL& ol 9 00 )y dl!bdm)) Cled uﬁy ) uS\m> gy FLY JJ.); L)")‘)f ULT céb u@lf d)b‘_,’.auw )9L>4.: ).A.im
Ohlen 5 )l 2,5 o0 oy (81l o 4 Cond (185093 (Sla eSS Lo (plplh gd e pl laddy) S'gi by LS
s a1y alom pluil g9y 5 (e el b (gt ClalE () S (g ungeS 09 ol I3R! ol (Lt (V0)
QO Sl g S i e Ll b sl plis Ul ol Lmals ) pKie cdale a8 Jb gy ol il o)l gxe
2 opicmed Bl Gl g sxeyob 4 pler plul o yolie clale olS 0dg Cuw el L g cdl jials (g)ld dxeysb
s dald & Coi |y ©)5 SIS (g wungeeS (ayg p)5 Vo (2938 (de )50 Cud )l dopy Fr) (Std AT e o ey
ooy CaiB gl (T LS 5 09380 5 e lalS 3,Sdes deme BV 5 S 38 ol ol e Sl Lil1 ol e
Oty ol T3 g Laes (98 sl oo (sl pSleaS S5 > &2 M50 50 3l ol e o e
Al g5

WS e BelS ol B BelSen B,

500
450
ﬁ 400
7350
i 300
4 250
1,
S 200
3150
o
= 100
50
0
N ) 2 N & N N ) 0 N ~ N
& & ¢ e & & © & &
& & & = o % & &F R o o
<<° i % a7 &V vl < N N A AN\~ A\
v Y N & P~ Y
s

5 2330 0 3) 5,5 olgh @181 5 o 3 5500 8 ot iy CLE 1 (S i 5 1 355 ol ko U0l 51 £ IS
(0,105 (5,15 re GBS sz yd gy Jlosin] gebaw ;5 (S95 (99051 51 03wl b (g0l i 51 siimd S piniio S g8 By S 45 Jilos o5 old

2o 11 o2 5200 9 ol s s cosly LS
(5 oisine 1 S 5 Lol s €l il sy CIAIE 3y 5l s 51 1 358 (sl Jlone s L5 ol 32 ol
ey e (Silin (520 Yo 5 Yo ) 2015 355 3,3 V1D 5 /b il s (sl Joone Y Jgi) cabls
Jolia) Logs 5l sixe ol b duslio j3 (gdo > Vo gl il 381 Lol sy i do ) gy pdaws pd Aol b dusle o &y lan plu]
s 0 9 S odlo p)55LS 0 p)F Lo VAR Glie 4 ) oler plul ol cldale i (Caol oads o3 Ll 1 Sle
ol Caws & FOWT5

B St 5 ]ty S5 olom ol e Sy (s o 31 T 255 il Joone 31> 5 (il 438
Pl e clale (cho ) YA g YA VY ials o JT 55 5 ;0 VB 40 F/0 cilise golaw 3,08 (Y Jodo) cudlss (gl xe
2 S e AVIRE e 4 gler plul o clale oy iy (P USWS) W o)y S pdaw pd dald b duslde o @)d ols



(WB}.’._ ‘:D.LG) A EXE3 bb%b), &y D)Lo.n:ﬁ o7 8,9 ‘G'ﬂ‘ Jbgyi Ol LY

Al sy 4 FOWSB0 jlas ;5 9 s odle p,SolS

K213 € (olgh Pl dS Iy (60 stnn 1 gy A 5 535 355 (sl gl 13 (L5 il 48 ol
pdS Cale HI sxe il Caws Mo yd S a0 dald b dwslie (3 ely; cudyls o yd B 205 ol L @l (Y Jais)
Pl S clale (a3 WY 5 ime ialiEl como JT 3687 Jl5m p3 Y/ caliste gglaw 3,0)8 i aalis b duslie j3 slgn ol
b St le pS5S 13 o e VYT (ol € ol ALl ol CBle ity (B JSL6) 0 L5 | sl 5 0 g
el Cuwd 4y (F2.5W50) ds jjo cudyls dops 00 (Suis 35 3 J1 398 Jl5m 50 V0 sb Jekxo

S 5 Ll s o g P s ALy (65 sinn 1 T 395 Bl Jpbne 31> 5 il y 450 s
ol Caw 1095 J5a 3 VI ¢ 0 X/D iliste zolaw 5,8 (Y Jgdn) cuills () gxe il )b olen pli] o suie clale
3 o Y o FY ola yinli8l b wis o ad duopd gy a0 &yd plen pluil o juie clale (cio ) VF o FY AT )b jxe
b Siis oslo pS5kS 53 )5 (oo VAAY (e 4 )3 algn plal o aie Clale o i (B JS5) 239yl dne ald L dlie
Solds a4y Wl o olie polie Hld) coles s ael cuwd & (F7.5W100)  Sis (i o9 g J1 368 5l 0 VB Lok Joloxe
Jelse & yolie glate slagusl b 5 olS 5 S o Wl g (i 5 Cute o iSanyy rizan 5 0lS 5 S polie (ond
Ak gl 2 s

3000
2300
2000
1500
1000

500

(padskd g2 pd ) pslie clalz

4 B g dy90 B 13) 0y g eIl 3 BT g pd iake comlS CLIE 3 S T g JT 055 il Jglme (s lewd 1.0 JSUS
W55 (g, simo WA aao yd gy Jlosin ! gebaww 33 (S5 99031 31 230! b (g5 bo] a5 31 diend S piino g8 By S 0 Jlas

@1 5900 o s
I oo e JS8) b Gl o opponte ol 355 Bl oo (S5 5 ol plad 3 3 pn i ol
(VW) 58T ol oty de o byl diopo B+ (St (15 bl s )3 5557 13m0 53 0 (ol Jolomo | (canSloyio 1 p S5k V/IYO)
aS 15,5 ;Lo Payero et al. (2008) .ui )3 3 Ol (gygopme wdd il caw 2S5 LS oo Sugby i ol ol
b Rl hpe whe Shy ol adrae ol pze Rl L 5 auih ol] Ol e 4 (o0l Comlan ol (5900
VY 53 aSayio 1 p)S oS+ IA ko 4 )5 ol IS 55 el 2 Ol (9000 ot 90 (L (VYRA) )yl 5 ol
ool Ao 3 VY )3 CaSogio )3 p,SokS /ST Jlade 4 @) ails 59 Lwbel T (6y90580 i g del Cand 4 (gylol oy
Do o Byma )3 9340 g Ol (6900 i3l cow Mo YO I I a5 wsls Lis bl s eamliie

G pan (alS oran g ol Sid 59 Gl o 0lS L5 0,90 (1S jolie | By el b adllas 5,90 398 518
e a4 paiS Ol Gpme OIS oyt iimghs )3 (VP ) o)) e o 8 cals) cunl oad O Giyma o1H8 ial38l 4 (5
sdnliio (F7.5WT5) as 50 b )b auops VO (Sts 5 bulys )3 T 068 Jl3m 1 VI (ol Jolons b caSa o 2 pS5kS +/¥A
15 6358 celiglass 3,8 1y )& 5y T e 1S sl it (VE+1) S g gy (V) cy]lSiod 5 5 suml3)
Gasliol I3l Gl )5 Wlgi oo slrse 3,5 ol Ul g (SKtS A5 G bl o Wl s ) jnde (Sts (15 Ll



£oF o lomo el 3,808 1 1 355 51 oSl gbro 312 g8 5 B (g — ools)

5l 4Bl oALS s i LSS i
b)) (Sis (105 & ol Colun bl (gyg000 055 0 )13 b cod plalS )0 Ol (gyge e (Sutd (15 bl yd
g3l 5 slio odlisiol Wil od G g lulpd )3 (g A8 Jeod 8 a1 ) (ol o5 Wlgiee (aLS sladisS Sl (B )l
delgo by dl> po 5 CS Gloj (BLS A (pde Jelge U cod ol Bpae LI S g e culply sl il O )
o iledljl g olS el (B T el o 4 JT (clangS 5,8 (Keshavars et al., 2012) xS o puss 25 b ot
015 ol JI LS 5 039381 J| oy (S 41 Joo 5 0lS ) 390 (rizmed i o0 5ute ) Gl e () (i ol

Cwl

2.5
2
1.5
\\7\
LN
% 1
%
1 0s
0
N AP 0 » '3\“\
& ,;:;m R ;).:- QQ*$ ,\’ff‘:‘ Q‘?‘ ,\%:“ Q\\ ,‘:S\ 5 ,‘:“
<ol ¥ \’\ <Y < < <

3 3 0 B9 pABLE 1 (Sis A 5 1 298 (B slone o, led 1T UK

ol adlge 5IUT bl 2 &3 3 ,Shos 9wy G Sig 52 (395 3,25 51 (o 2
YA/XF FO ;3 PC2 (cly 3o yd VYISO g PCL (clp do 3 YEIYD o Shg deds (¢l <8 lie (PCA) Lol (slaadlge jJUT ool
&lp 2o VEIFD F5 )3 PC2 (gl dio 3 VAIVE s PCL (clys 3o > AVIYY F2.5 5 PC2 (4l dio 3 ¥V /55 s PCL (4ly do
oy 0L s oges 3 dlllas 300 (gln Sig ST Lol (sloadlge T 55 ol Cesdey F7.5 5 PC2 (gl auo s Y00 4 PCL
Stasad (b 10350 (i gl ol gl e Cte (Ko oaimd (L il 48 IS ol e 45 gl 5 a8l S5
1V JS) el o> & 1 395 13 90 ool Jgbns L allas 3,90 csla Sg cloe oo

PCL (el 2o FONVY n Shg dod (sl 8 lie ( Sid (i 3l awyp 390 ;0 (PCA) Lol slaadlge jJUT olul
Slp 2o V) g PC2 (4ly 2oy YE/VF PCL (ol oy ¥A/5F WSO ;3 PC3 (gl y 0o )3 VWIYA g PC2 (glys 2o yd YV/AN
ol gl el cawday W100 ;5 PC3 (cly aop> VF/A8 4 PC2 (cly ao s YYIYF PCL (¢l o> OV/VY WT5 ;5 PC3

(A JS5) del Cand 0 o p3 B0 agby 55 ) adlllas dy90 (sla Sy Hhe Cute ( Sumed i A8 0



(WB}.’._ ‘:D.LG) A EXE3 bb%b), &y D)Lo.n:i o7 8,9 ‘G').ﬂ Jbsyi Ol L&

FO F2.5
PC1 PC1
1.0 n
05 0.5
S 3]
8 1.5e-008 g 4.9e-008
.05 -0.5
-1.0 05 0.0 0.5 1.0
PC1
F5
PC1 PC1
0.5 05
o
Q 6.9e-009 -2.5¢-008
-0.5+ 05 -0.5
-1.0 ;
10 o5 00 05 1o 10 05 0.0 05 10
PC1 PC1

1555 wilJgloxe il Codd @5 (ot bownd oS 53 g iy (5B F5ug 51 (PC2) 095 9 (PC1) Jol algo ¢ Juol allge 5JUT.Y JSUS

W100
PC1
1.0
0.5 05
]
& 0.0 3.4e-008
_0.54 -0.5
1.0 T T T
-1.0 0.5 0.0 0.5 1.0
PCl
W75 :
Lo : L0 -
0.54 0.5 05
™ o
g 0.0 -2 .6e-008 c 1 6.2e-009
-0.5 05 -0.5
-1.0

Swid (Wiid gl Cod b o bownd S 57 g iy SS9 5 (PC2) 095 9 (PC1) Jol ailgo ¢ ol allgo 3JUT A JSUS



£00 . lyomo el 3,808 1 1 355 5 oSl gbro 11 g8 5 B (g — ools)

S 5 Ao

Gl (55908 ccuslio Copio & Sliwwd sl s ol 3 a8l Wby LS 5 Slas dauy g (Sl il ke Ol Sl ialS jelaie &
ol LS SaS a5 byl )> oL by dgue uﬂ OluS 5 wle bodisS pMeol (3 305 50,k 5l Slgs o o e )
cdale oy cdl Galidl o855 JosS il sl b @b olS eyl 5 5 (s csish) zokaw (polos 3 31> (lis imgl (]
b il Jsbn e sl 5 oanlie J1 255 o8k Jolow | oy (S35 55 Ll 3 53 olpn o8] 5550 5 53y e
Syt rlio oIS (ols g0 c6y9 08 (2l polic b I a8 (i 4 g ()F95k0 5 Alusl bl (g5 BB plie 35 1yl
.\wbmlau@y&bﬁbuia&;gm)f‘&wam“&a b9.\waot.cu;\

15,105 0929 N o (ot 28l (2,05 AigS !

&Qbw

5 5 2Skes 5 Si5gnazdghyse o oy (MF00) Judillpl (LT SLl 5 same (ot sl (oydo e «Srgml sosnly]
ol pole g2 (ame (slo i (yfo i 395 Elgl 3)l8 g o)l ciliee o, o (Mentha piperita. L) (Jib gl s
FYV-FYO (Y)VF

3,8des clinl 9 3,8doe p 550 g ol (5b Jgle S1L(VYAY) Ldsls ¢9liS 5 dme ¢ SLulell thamo o duw ¢ g9l ywydo ©lomas ¢ wad]
YOV (VIVA B g of Gl . J1eS i balyps )3 s ile

X0 (Y)W eolo] 5 o copto )b Ol Gpas ol g 5Shes p ady cilise Jolpe 3 (Suis (315 36 .(WWAF) ggld o 2395 (65
ARV

Clparo 3 w5 po LSL‘Z’LS)L:.-.’T » ST ol G9ope Slwadls oL (W) L olo (Ll 5 dedeste ((gamwl ¢gapo ool pe
YAr-YAd (V) ‘yfcf«u#@ﬁ} Cunsj oo b yads w15

aolilas )3 5, Slas slinl g 5Shes p cilisee glaylos )3 aiel sladuwl (5L Jglxe S (WAY) Ly (lgpmes g wp colgbile Chugsyo
SV Y (o) SIS iy i gy sale

sl Sl 5l Sujslon (sladsS b ymn dy Vo F ol ) i )3 Gl TRey inlis 53 e £ o8 055§ «lingy > puS>
(S5y9uiS 3 95 slmos] Lo Linlen pmeuid Y lie dcgaro lgal ddaio )y puw M delisl

bl glod g &l 5,8kt Kbl g o (Ll (S2s (25 51 (VWRF) Lo eplol gl 2 espol bl 03l g el ety
OY=XY (YWY ooelyj GlolS” sjalae o8 1515 055 93 5 (LS 1)

s ).ul.: (I7Q) L eslows oy g doore (e S (5906 wyde Cpus ol @l (Slynd feplall g e Sliwg g (selogle £yl 8 (olas
=N (WA olwl elys sleing o (Brassica napus L.). 1318 o5ele 58951 Glas ¢ 5,Slas p 550 9 59y (oL gl g (5l
AR

& Ygas u’)}/;-’;} pr dloo Ay calisre Jalpe 0 (S D 4 @) glady ped aily 5,Slee ol (WWRL) L omu plol g 0l L,
.VA—;A ‘(Y)\ ‘U.Cle L;C/))

Sluogas (S5 152550l @B b el 5 59, NS 56398 31 (W) yool o) 9 9551 o290 gm0 S p3 tislowsl cilr L,
MENEA (WOl el sloing s . Sis (i balys > (Carthamus tinctorius L.) 5,5 Gjglaé 9 2y

(=i pole 00 lame (clo i G5 4 )b lasyen (B GES1y (WYRY) . elige o (ke 5 ot ages e 05 2l
FAY=F ) (Y)))

oS 5 9 48y 1 al G s 1 Sl gy CangaS o9 3,08 51 L(17R0) L) e gaml g 58T e s cgmge tamalline gy D g
ARNANEY (O (B g of L Sal SB S e plewd

A o6 puS 1y (o Shgy T s LS oy (V) (sie ol (syin g 5] L)) 81 oo (Sgmage S pe cyhisal;



(‘:\Ms}l— u.olc) V€4 & bb%b)‘ ¥ b)w o7 8,9 ‘G‘).ﬂ Jbsyi Oludss £+

AOYAYD (MO ol SB 5 o cliixr . Suid balys 53 0,55 J 368 sbglreg (SB > p,l8

200505 I ale 358 lhgbre 5 sy 5 F1VFY) putydl S (LS g Gl ool 8T e s (sgmage fmpe b 50
AYYANYEY (AOY ol SB 5 of cliding. (55,5 4665 3,Slas g 0,

als @3 3,Skas glinl g5, Skos o digs o515 5 Suid 5 iliseo palaw I (WWAY) . g e ol 5 & 0gsS ¢ Bl ) MS oy ¢ puslius
YNV (Y)Y gl psle) ool LS il o ¥ (ol Ui

Oluogad il caliseo (gladgS” ib Joloee 31L(VF ) 0ld )3 ¢ n> 5 285 «(g3905m0 o {lols bis 1055 ¢yl u ¢ (8 3 € Bolo cplSTaLs
IV-=X00 (VN (el pole 0 oo slo i . oS 5 s cov (Mentha piperita. L) Jals glis S 5 o

oS ¢ NS 55 186 co (gl )3 5 Shas (VFo¥) plyad conly Cyd g auid B oBjle £ bg,e8 ( B 93l fgage (§)lj 098 ¢ sromolis
ST ) 00 ol ool GolS s/ - (loosd 9 (i

Ay ))ﬂo.c L51)>| 9 .))Slo& » uj .)93.45 LJM u])JI ) (\YIAV) LS’L")IP d)gu w9 oSt cu_w)lé f.)w w6 > &Lw)
AN (VI e gipolis” il Cole 550 3l oolaiwl b (ol &ild &)d oy

o S900% s 9 0,8l linl g 0 Slos L;)L,J oS Sl LOYAA) L e ol ¢ bl 5 (poliosro ¢ cpdip (0858l Jeduw ( oilyhs
Yo¥-VAR ‘( (u) Y)\N\N c(g/’j Sk ,n}.[c) (f)‘)ﬁl"‘i‘()) u/’uw.xb}/u u).c >bT PMM:] °l§:*“i‘)3 dl aily u).)

o5, (Vitis vinifera. L) ;5551 Ol Grae o) 5 (Suid (a5 51.0F)) dypj o > oM 5 e (gdum 50,51 (ol fau] (¢ jho
NEV-RYS ()10 role o ki o aloee) oS (slpetngs aloee 5358 ik lisloss > 508 iy

Jim u).) uj d)‘m ‘_s:l)lf 9 J)S.la.c » Lglo).‘aﬂ d)LJ] BEl d)LJ]pg )JI .(\\G") |)..\.C ‘L;c).g 9 Ml))‘ S fo).) rb)f wlm {lono ‘ul?.)“’l‘c
NOA-YEY (YD ogiyolis o of ingis N-¥ Lul,S

Slao ololy o) aldgs J5 Sle (Sei5 95 oy (WWAY) (Gl cuplpl y9ald) s 55l 59500 (oS 5 oo L pale o oulis
VYO NNY oo oy ol psle o Seis 25 5 Jlo i Lulys 93 € (Sofolghge

)J.oL& u.\> 9 u]a.l.c).: 89y 9 e .)).3)15 ).u;l.» (\\Nﬂ\”) .)]9> cul.s.)l.(b 9 Lo).a)'{.c ‘dalj)”,s u.ély ‘&Jl) co.)l)' & yiio ‘wlo> c).sl?v.l d)i/.u.c
SIS Ll ys )3 0j50 (29l olS ,> (Hauwd) Cbyunay o (Satureja hortensis L.) (55 g ol o9y (me) BpaneS olie
AR YA ‘(\")0 w5l Gl glocuis 4509 o pole

S Bpme o)l 55 ,Sas s 2,0l b5yl (VF0)) ol g 5050 g oo san VI (ol £ g Lyl foguana (395 00l e
SAF-FAY (YN ool pole o oo (slo i . o)loloS blys cos (Zea mays L.) o))

5 3,Slas 4y b 3T o o 25 Ll 53 aiadl (cloenl Bl Jpbee 5 (VF-F) ile ol 5 (o ol g sl ¢ 0L
AV (V0D ! el lalS pale (Brassica napus L.) 1515 s Sles sl5!

oS 03sxe 9 ol Brae DS 9 0,Skes (35558 355 9 (Sl G5 Sl oy (WWAF) e bl 5 (e (3B b 105, «sol3
A=Y (VEWA o[ Sjlo g ingss) el (02505 clo ying s (SC T704) &)

(i GluS 5 SB slaosisS jedols ).ub YA L e Buy ait 5 debld (S iiaw fese (e i ((goili e Slels ¢ yaliiS
ol £l cleingy . DS i cos (Mentha piperita L.) Jal sl olS g, slaplsl 5,Slas ¢ ST sl clé
SYY-55Y (F)V¥

i 6yl S Ll 1 @)d Gilises p)) 5 Shas (clinl 9 3,Shos p (Suid (a5 51 (VTAF) dadmo ooy 5 dodmo c(shogy (Shoxa

Sl o bylpd )3 (52 08) 3556 (&S 5 oS 3,kae 2 Slj] sl (glasul (2L Jslomo Sl s 2lad (BIF(ITRY) g ecs2900

Silo ddgle Glusgad 93 ,Sles p ulzj 358 caliseo JISi1 (il Jaloee 31V ) L lolus i 455 9 2557 «(63505x0 yoo e yd ¢ Jgp0
SVe=¥0D (Y)Y (elyj pole 1o oo slo i . St s blys > (Vicia villosa Roth) (glass 5

Slao 5 d90 pslaiods Sl bl 5 (gdiossy polic 5L Joloen (VF+Y) ctonl e hislonsl 5 dllslo «ypuiils ol ¢ g s £ sy €y
XO-XY (MW ely) pale o oo slo i oS L5 cos (Brassica napus. L) 135 > Sles ¢ a8
AOANEN (WY o e)yj pole o oo slo i . Sis (s blys > (Hordeum vulgare. L) g 5 Shee il g 5,Shas

63390 adlllan) (unjium 3,5des slinl g 0,Shes p JI olodsS Grmn g (Suid 15 BV ) (pme ( SlEmd 5 aime (o3l oo


https://profdoc.um.ac.ir/list-writer-سید%20مسعود%20شعاع%20حسینی.html
https://profdoc.um.ac.ir/list-writer-محمد+فارسی.html
https://profdoc.um.ac.ir/list-writer-سعید%20خاوری%20خراسانی.html
https://profdoc.um.ac.ir/list-magname-دانش%20کشاورزی.html

£V o lgiome cails 3 Mas p J 395 (5 2 (il glone i s 9 Y550 (g — (oole)
FAO-FAY (V)Y ¢ 5l/ SB 5 of cliio (ol il

REFERENCES

Abbasi, A., Mohammadi Nargesi, B., Keshavarznia, R., & Poor Ibrahim, Q. (2013). The study of genetic
variation of common vetch (vicia sativa. 1) based on morphological traits under normal and stress
conditions. Iranian Journal of Field Crop Science, 3, 370-359 (In Persian).

Abbasi, F., Abbasi N., & Tavakili A. (2017). Water productivity in agriculture: challenges and perspectives.
Water Sustainable Development, 4(1), 141-144 (In Persian).

Aghdasi, S., Modares Sanavy, S.A.M., Aghaalikhani, M., & Keshavarz, H. (2018). Effect of foliar application
of iron and manganese on yield and yield components of mungbean under water deficit stress. Water and
Soil Science Journal, 28, 13-25 (In Persian).

Ahmad, S., Wang, G.Y., Muhammad, 1., Chi, Y.X., Zeeshan, M., Nasar, J., & Zhou, X.B. (2022). Interactive
Effects of Melatonin and Nitrogen Improve Drought Tolerance of Maize Seedlings by Regulating Growth
and Physiochemical Attributes. Antioxidants, 11, 359.

Akbari Nodehi, D. (2018). Effect of water stress on different growth stages of yield and water use efficiency
of maize. Journal of Water and Irrigation Management, 7(2), 305-318 (In Persian).

Alizadeh, O., Majidi, E., & Noormohammadi, G. H. (2008). Effect of drought and soil nitrogen levels on
nutrients uptake of corn C.V. 704. Journal of Research in Agricultural Sciences, 4(1): 51-59.

Alizadeh Forutan, M., Parsa, S., Jami Al-Ahmadi, M., & Mahmoodi, S. (2022). Evaluation of zeolite
application on yield and water use efficiency of maize (Zea mays L.) under deficit irrigation.
Environmental Stresses in Crop Sciences, 15(3), 681-694 (In Persian).

Amerian, M., Hashemi Garmdareh, S. E., & Karami, A. (2021). Effect of Deficit Drip Irrigation on Yield and
Water Use Efficiency of Single Cross Corn 704. Journal of Water Research in Agriculture, 35(3), 247-
258 (In Persian).

Anonymous. (2009). Agriculture production—micro organo liquid, amino powder, amino start and spurt.
Agrowchem Inc. Ontario, Canada

Asgari Lejayer, H., Motshare Zade, B., Savaghebi, Gh., & Hadian, J. (2014). Effect of Cu and Zn application
on the concentration and uptake of micronutrients (Cu, Zn, Fe, and Mn) and macro nutrient (P) in Savory
herbs (Satureja hortensis L.) Under greenhouse conditions. Journal of Greenhouse Culture Science and
Technology, 19, 95-111(In Persian).

Bahrami, M., Asaadi, M. A., & Khalilian, S. (2020). Evaluation of water productivity indices with emphasis
on modern and traditional irrigation in crops of Shahriar County. Environment and Water Engineering,
6(3), 285-293 (In Persian).

Batool, A., Taj, S., Rashid, A., Khalid, A., Qadeer, S., Saleem, A., & Ghufran, M. (2015). Potential of soil
amendments (biochar and gypsum) in increasing water use efficiency of Abelmoschus esculentus L.
Moench. Frontiers in Plant Science, 6, 1-14.

Bremner, J. (1996). Nitrogen total. Methods of Soil Analysis. In: D. L. Sparks et al. (Eds). Method of Soil
Analysis. Part 3. pp. 1085-1121. Chemical Methods. American Society of Agronomy and Soil Science
Society of America, Madison, WI, USA.

Cakmak, 1. (2008). Enrichment of cereal grains with zinc: agronomic or genetic biofortification? Plant and
Soil, 302, 1-17.

Chinsamy, M., Kulkarni, M.G., & Van Staden, J. (2014). Vermicompost leachate reduces temperature and
water stress effects in tomato seedlings. HortScience, 49(9), 1183-1187.

Daneshmandi, M. S., & Seyyedi, S. M. (2019). Nutrient availability and saffron corms growth affected by
composted pistachio residues and commercial poultry manure in a calcareous soil. Communications in
Soil Science and Plant Analysis, 50, 1465-1475.

Dehghanisanij, H., Zounemat-Kermani, M., & Asadi, R. (2014). Application of municipal wastewater in
irrigation of corn under furrow and drip irrigation systems. Iranian Journal of Irrigation and Drainage,
8(3), 423-429 (In Persian).

Ebrahimi-Sborezi, H., Modarres- Sanavy, S.A.M., & Baghbani-Arani, A. (2021). Assessment of morpho-
physiological and quantitative and qualitative yield of Peppermint (Mentha piperita L.) under different
irrigation regimes and application of different nitrogen fertilizer. Environmental Stress in Crop Science,
14, 425-437 (In Persian).

El-Tayeb, M. A. (2005). Response of barley grains to the interactive effect of salinity and salicylic acid. Plant
Growth Regulation, 45, 215-224.



(u.u.&s).’— u.oj&) V€4 & bb%b)‘ ¥ b)Loa.:' o7 2,93 ‘&b.:‘ Jl}gui oludss LA

Erdal, 1., Kepenek, K., & Kizilgoz, I. (2004). Effect of foliar iron applications at different growth stages on
iron and some nutrient concentrations in strawberry cultivars. Turkish Journal of Agriculture and
Forestry, 28, 421-427.

Faroog, M., Wahid, A., Kobayashi, N., Fujita, D., & Basra, SM. A. (2009). Plant drought stress: effects,
mechanisms and management. Agronomy for Sustainable Development, 29, 185-212.

Faten, S.A., Shaheen, A.M., Ahmad, A.A. & Mahmoud, A.R., (2010). Effect of foliar application of amino
acids as antioxidants on growth, yield and characteristics of squash. Research Journal of Agriculture and
Biological Science, 5, 583-588.

Fayaz, E., Sorooshzadeh, A., & Heidarzadeh, A. (2024). Effect of Foliar Application of Amino Acids under
Water Deficit Conditions during Late-Season on Yield and Yield Components of Oil Rapeseed (Brassica
napus L.). Iranian Journal of Field Crop Science, 55(1), 139-149 (In Persian).

Gavili, E., Moosavi, A. A., & Haghighi, A. A. K. (2019). Does biochar mitigate the adverse effects of drought
on the agronomic traits and yield components of soybean? Industrial Crops and Products, 128, 445-454.

Gavili, E., Moosavi, A. A., & Moradi Choghamarani, F. (2018). Cattle manure biochar potential for
ameliorating soil physical characteristics and spinach response under drought. Archives of Agronomy and
Soil Science, 64(12), 1714-1727.

Gee, G. W., & Boder, D. (2002). Particle-size analysis. In: Dane, J. H. and G. C. Topp. (Eds.), Methods of Soil
Analysis, Part 4- Physical Methods. Agronomy Monograph, No 9. American Society of Agronomy and
Soil Science Society of America, Madison, WI, PP. 255-293.

Ghobadi, R., Shirkhani, A., & Jalilian, A. (2015). Effects of water stress and nitrogen fertilizer on yield, its
components, water and nitrogen use efficiency of corn (Zea Mays L.) cv. SC. 704. Applied Field crops
Research (Pajouhesh & Sazandegi), 28(106), 79-87 (In Persian).

Heidary, A., Bijanzadeh, A., Naderi, A., & Imam, Y. (2016). Effect of end-of-season drought stress and
salicylic acid on seed yield and plant shading in two rapeseed cultivars. Journal of Crop Physiology, 7.37-
53 (In Persian).

Keshavars, L., Farahbakhsh, H., & Golkar, P., (2012). The effects of drought stress and absorbent polymer on
morph-physiological traits of Pear Millet. International Research Journal of Applied and Basic Sciences,
3 (1), 148-154.

Keshavarz, H., Modarres-Sanavy, S. A. M., Sefidkon, F., & Mokhtassi-Bidgoli, A. (2020). Effect of organic
fertilizers and Urea fertilizer on phenolic compounds, antioxidant activity, yield and yield components of
peppermint (Mentha piperita L.) under drought stress. Iranian Journal of Field Crops Research, 17, 661-
672 (In Persian).

Khodabin, Q., Tahmasebi Sarvestani, Z., Shirani Rad, A.J., Modares Sanavi, S.A.M., & Bakhshande, A.
(2019). The effect of irrigation cut-off and foliar application of zinc and manganese on yield and
ecophysiological traits of rapeseed. Iranian Journal of Crop Research, 18,100-85 (In Persian).

Lalinia, A.A., Marefatzadeh Khamenh, M., Galostian, M., Majnoon Hoseini, N., & Esmailzade Bahabadi, S.
(2012). Echophysiological impact of water stress ongrowth and development of mungbean. International
Journal of Agronomy and Plant Production, 3, 599-607.

Li, L., Lin, D., Wang, J., Yang, L., & Wang, Y. (2020). Multivariate Analysis Models Based on Full Spectra
Range and Effective Wavelengths Using Different Transformation Techniques for Rapid Estimation of
Leaf Nitrogen Concentration in Winter Wheat. Frontiers in Plant Science,11.

Lindsay, W. L. & Norvell, W. A. (1978). Development of DTPA soil test for zinc, iron, manganese, and copper.
Soil Science Society of America Journal, 42, 421-428.

Lopert, R. H. & Suarez, D. L. (1996). Carbonate and gypsum. In: Sparks, (Ed.) Methods of Soil Analysis. Part
11, 3" Ed. Soil Science Society of American, Inc, American Society of Agronomy Madison, WI. PP. 437-
474.

Mir, Y., Khosravi, H., Daneshvar, M., & Ismaili, A. (2023). Foliar application of micronutrients and salicylic
acid to improve some quality traits and yield of canola (Brassica napus L.) under water deficit stress.
Environmental Stresses in Crop Sciences, 17(1), 31-45 (In Persian).

Moohamadi Behmadi, M. & Armin, M. (2017). Effect of drought stress on yield and yield components of
different corn cultivars in delayed planting conditions. Applied Research of Plant Ecophysiology, 4(1),
17-34 (In Persian).

Moosavi, A. A., Mansouri, S., & Zahedifar, M. (2015). Effect of soil water stress and nickel application on
micronutrient status of canola grown on two calcareous soils. Plant Production Science, 18(3), 377-387.

Moridi, A., Zarei, M., Moosavi, A. A., & Ronaghi, A. (2019). Influence of PGPR-enriched liquid organic
fertilizers on the growth and nutrients uptake of maize under drought condition in calcareous soil. Journal



£08 o slgiono calls 3,5kos 1 1555 (50 o sbone 13 oS 5 sl (g3 - (oole)

of Plant Nutrition, 42(20), 2745-2756.

Mrovati, F., Mir Mahmoodi, T., & Yazdan Seta, S. (2024). Effect of foliar application of different forms of
iron fertilizer on yield and forage properties of hairy vetch (Vicia villosa Roth) under drought stress
conditions. Environmental Stresses in Crop Sciences, 17(2), 255-270 (In Persian).

Nagy, J. (2010). Impact of Fertilization and Irrigation on the Correlation between the Soil Plant Analysis
Development Value and Yield of Maize. Communication of Soil Science and Plant Analysis, 41, 1293-
1305.

Najafian, Sh., Zahedifar, M., & Ghasemi, A. R. (2022). Effect of organic and inorganic zinc foliar application
on the natural product composition and antioxidant activity of lemon balm (Melissa officinalis). Iran
Agricultural Research, 40(2), 85-92.

Nasiri, S., Andalibi, B., Tavakoli, A., Delavar, M. A., & Van Zwieten, L. (2024). The effect of biochar and
methyl Jasmonate on biochemical alterations, yield and yield components of barley (Hordeum vulgare
L.) under drought stress. Environmental Stresses in Crop Sciences, 17(1), 141-158 (In Persian).

Nelson, D. W. & Sommers, L. E. (1996). Total carbn, organic carbn, and organic matter. In: D. L. Sparks et
al. (Eds.). Method of Soil Analysis. Part 3, 3™ Ed. pp. 961-1010. Chemical and Microbiological
Properties. American Society of Agronomy and Soil Science Society of America, Madison, WI, USA.

Nelson, D. W. & Sommers, L. E. (1996). Total carbon, organic carbon and organic matter. In: D. L. Sparks et
al., (Eds.). Methods of Soil Analysis. Part I11. 3™ Ed. Soil Science Society of America Inc., American
Society of Agronomy Madison, WI. pp. 61-1010.

Olsen, S. R., Cole, C. V., Watanabe, F. S. & Dean, L. A. (1954). Estimation of available phosphorous in soil
by extraction with sodium bicarbonate. USDA. Cir. 939. U. S. Gov. Print. Office, WI.

Paknejad, F., Fatemi Rika, Z., & Elkaee Dehno, M. (2017). Investigation end season drought effect on yield
and yield components of ten Barley (Hordeum vulgare L.) cultivars in Karaj region. Journal of
Environmental Stresses in Crop Sciences, 10, 391-401.

Payendeh, Kh., Mujaddam, M., & Droudgar, N. (2020). Study of quality and yield of rapeseed seed Hayola
401 with composite fertilizers of iron, zinc and manganese under irrigation stress. Journal of
Environmental Stresses in Agricultural Sciences, 13, 109-119.

Payero, J.O., Tarkalson, D.D., Irmak, S., Davison, D., & Petersen, J. L. (2008). Effect of irrigation amounts
applied with subsurface drip irrigation on corn evapotranspiration, yield, water use efficiency, and dry
matter production in a semiarid climate. Agricultural of Water Management, 95, 895-908.

Pouryousef Miandoab, M., & Shahravan, N. (2014). Effect of foliar application of amino acids at different
times on yield and yield components of maize. Crop Physiology Journal, 23, 21-32 (In Persian).

Rabbani, J., & Emam, Y. (2012). Yield response of maize hybrids to drought stress at different growth stages.
Journal of Crop Production and Processing, 1, 65-78 (In Persian).

Rajaie, M., & Ziaeyan, A.H. (2009). Combined effect of zinc and boron on yield and nutrients accumulation
in corn. International Journal of Plant Production, 3, 35-440.

Rahimi Moghaddam, S., Kambouzia, J., & Deihimfard, R. (2016). Investigating the maize (Zea mays L.) water
use efficiency in hot areas under climate change conditions. Environmental Sciences, 14(3), 27-40 (In
Persian).

Rezaei-Chiane, A., Khoramdel, S., Molodi, A., & Rahimi, A. (2017). Effects of nano chelated zinc and
mycorrhizal fungi inoculation on some agronomic and physiological characteristics of safflower
(Carthamus tinctorius L.) under drought stress conditions. Iranian Journal of Filed Crops Research 15,
168-184 (In Persian).

Rezaizad, A., Taimori, B., & Mehrabi, A. M. (2018). Response of some maize hybrids to water stress.
Environmental Stresses in Crop Sciences, 11(2), 301-312 (In Persian).

Rhoades, J. D. (1996). Salinity: Electrical conductivity and total dissolved solids. In: D. L. Sparks et al. (Eds.),
Methods of Soil Analysis, Part 111, 3™ Ed. American Society of Agronomy Madison, WI. pp. 417-436.

Richards, L. A. (1954). Diagnosis and improvement of saline and alkaline soils. United States Salinity
Laboratory Staff. United States Department of Agriculture, Hand Book No. 60, Washington, DC 160 p.

Sadraddini, A. A, Parandin, M. A., & Nazemi, A. H. (2019). Effects of deficit irrigation on yield and yield
components and determination of water productivity of Zea Maize in Islamabad-Gharb area. Iranian
Journal of Water Research in Agriculture (Formerly Soil and Water Sciences), 33(2), 189-204 (In
Persian).

Safari, A., Fatemi, A., Saiedi, M., & Kolahchi, Z. (2022). Effect of drought stress on water use efficiency of
grapevines (Vitis vinifera L.) cultivar ‘Bidaneh Ghermrz’ under different fertilizer treatments. Journal of
Plant Research (Iranian Journal of Biology), 35(4), 836-847 (In Persian).


https://scholar.google.com/scholar?oi=bibs&cluster=9338393853205379904&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=9338393853205379904&btnI=1&hl=en

(dw.és).l— u.oj&) V€4 & bb%b)‘ ¥ b)w o7 2,93 ‘&b.:‘ Jbgui Oludsd LY

Sepasi, S., Klarstaqy, K., & Abraham, H. (2012). Effects of different levels drought stress and plant density
on yield and yield components of maize SC 704. Journal of Crop Ecophysiology, 3, 279-288 (In Persian).

Shadkam, S., Sharafi, S., Yazdan Seta, S., Mir Mahmoodi, T., & Habibi, F. (2024). The effect of foliar
application of different nano fertilizers on the quantitative and qualitative characteristics of peppermint
(Mentha piperita L.) under water stress conditions. Environmental Stresses in Crop Sciences, 17(2), 355-
370 (In Persian).

Shamohammadi, N., Zare, M., Ordokhani, K., Aref, F., & Sharafzaeh, S. (2024). Grain corn yield under the
influence of water deficit stress, biological and chemical fertilizers. lranian Journal of Field Crop
Science, 55(1), 23-36 (In Persian).

Shi, Q., Bao, Z., Zhu, Z., Ying, Q., & Qian, Q. (2006). Effects of different treatments of salicylic acid on heat
tolerance, chlorophyll fluorescence and antioxidant enzyme activity in seedlings of Cucumis sativa L.
Plant Growth Regulation, 39, 137-141.

Shoa Hosseini, M., Farsi, M., & Khavari, K.S. (2008). Investigation of water deficit stress effects on yield and
yield components using path analysis in some corn hybrids. Sustainable Agriculture and Production
Science, 92, 71-85. (In Persian).

Summer, M. E. & Miller, W. P. (1996). Cation exchange capacity and exchange coefficient. In: D. L. Sparks
et al. (Eds.), Methods of Soil Analysis. Part I11. 3" Ed. Soil Science Society of America. ASA. Madison,
WI. pp. 1201-1229.

Sun, X. P, Yan, H. L., Kang, X. Y., & Ma, F. W. (2013). Growth, gas exchange, and water-use efficiency
response of two young apple cultivars to drought stress in two scion-one rootstock grafting system.
Photosynthetica, 51, 404-410.

Thomas, G.W. (1996). Soil pH and Soil Acidity. In: D. L. Sparks et al. (Eds). Methods of Soil Analysis. Part3,
3 Ed. Am. Soc. Agron. Madison, WI. pp. 475-490.

Wang, M., Zheng, Q., Shen, Q., & Guo, S. (2013). The critical role of potassium in plant stress response.
International Journal of Molecular Sciences, 14(4), 7370-7390.

Yahyaabadi, M., & Dehghani, M. (2021). Effect of drought stress and consumption of organic fertilizers on
yield and yield components of potato (Case Study of Isfahan Province). Iranian Journal of Soil and Water
Research, 52, 483-495 (In Persian).

Yordanov, 1., Velikova, V., & Tsonev, T. (2000). Plant responses to drought, acclimation, and stress tolerance.
Photosynthetica, 38, 171-186.

Zahedifar, M., & Najafian, Sh. (2023). Evaluation of essential oil composition and antioxidant activity of
yarrow as influenced by foliar application of humic substance-based products: Using multivariate
exploratory method. Scientia Horticulturae, 308, 111557.

Zahedifar, M., Moosavi, A. A., Ershadi, A., & Jafari-asl, M. (2023). Investigating water use efficiency and
wheat growth characteristics as influenced by soil and foliar application of Zargreen organic fertilizer
under drought conditions. Iranian Journal of Soil and Water Research, 54(1), 135-153 (In Persian).

Zahedifar, M., Moosavi, A. A., Ershadi, A., & Gavili Kilaneh, E. (2023). Effect of moisture stress and foliar
application of Zargreen organic liquid fertilizer on tomato growth and yield. Iranian Journal of Soil and
Water Research, 54(9), 1363-1379 (In Persian).

Zare, L., Ronaghi, A., Moosavi, S. A. A., & Ghasemi, R. (2016). The Effect of Vermicompost on Reducing
the Adverse Effects of Water Stress on Growth and Chemical Composition of Corn in a Calcareous Soil.
Water and Soil, 30(5), 1607-1619 (In Persian).



