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Introduction

Legumes, as a source of plant protein, are considered as one of the most valuable agricultural products, playinga significant role in meeting
the food needs of developing countries. Green mung beans, being small grain legumes with a high protein content'(22-25%), amino acids,
minerals, and vitamins, are particularly valued. However, water scarcity stress, one of the most impottant factors limiting crop production,
has hindered the cultivation of this crop in Iran. Drought stress leads to physiological, biochemical, metabolicdisorders; and oxidative stress
in plants, making it one of the most crucial non-living stresses. Various methods are employed to mitigate the adverse effects of drought
stress and enhance plant tolerance, including the use of organic compounds such as amino acids and humic acid. These compounds can
stimulate plant growth and development under optimal conditions and stress. Amino acids play direct and indirect roles in physiological
metabolism, exchange, and structural activities, such as increasing the concentration of photosynthetic pigments, enhancing the rate of
photosynthesis, and promoting protein synthesis under stress conditions. Humic acid, with its polymeric structure, enhances cell membrane
permeability, stimulates root growth, and improves water and nutrient absorption by roots. Consequently, it increases the relative water
content of leaves under stress conditions, mitigating the adverse effects of stress. Considering the importance of legumes in the diet and the
challenges of water scarcity in arid and semi-arid regions of the country, this research aimed to study the effects of humic acid and amino
acid foliar application on the yield and yield components of mung bean plants under water stress conditions.

Materials and Methods

To investigate the effects of humic acid and various levels of amino acid on mung bean yield and yield components under water stress
conditions, a factorial experiment was conducted based on a randomized complete block design with three replications in a greenhouse with
open vents. The experiment took place in Urmia city, West Azerbaijan province, during the 1401 growing season. The experimental factors
included three irrigation regimes (optimal irrigation, mild stress, and severe stress), six levels of commercial amino acid foliar application
(1- no foliar spraying, 2 - foliar spraying with distilled water, 3-1 gramy 4-2 grams, 5-3 grams, and 6-4 grams of amino acids per liter of
water), and two levels of humic acid application (1- application of 0.1 gram of humic acid and 2- no application of humic acid). Statistical
analysis was performed using SAS 9.4, and mean comparisons were based on the LSD method at a 5% probability level.

Results and Discussion

The results revealed that the highest plant height (26.58 cm) was obtained from the application of humic acid with three grams of amino
acids under optimal irrigation conditions. Additionally, the highest leaf area (51.7 cm?) was observed with the application of two grams of
amino acids and humic acid under optimal irrigation conditions. The highest number of seeds per plant (26.2) was obtained from the
application of humic acid under optimaluirrigation conditions, leading to the highest grain weight (1883.3 mg plant™') with foliar spraying
of two grams of amino acids under optimal conditions. The highest concentrations of photosynthetic pigments and anthocyanin were
recorded in the leaves of mung bean with amino and humic acid treatments. Foliar application of amino acids significantly improved 1000-
seed weight; number of seeds per plant, harvest index, and shoot dry weight compared to the control. Generally, morphological and yield
components were negatively affected under severe stress conditions. However, the application of amino acids and humic acid appeared to
enhance the adaptability of green mung beans to drought stress conditions.

Conclusions

The study concluded that drought stress negatively impacts morphological traits (plant height, leaf area, and dry weight of aerial organs)
and yield components (grain weight, 1000-seed weight, number of seeds per plant, and harvest index). However, foliar application of amino
acids and soil application of humic acid effectively mitigated these negative effects on mung bean traits. The highest plant height, leaf area,
shoot dry weight; and grain weight were achieved with the simultaneous application of amino acids and humic acid. Therefore, based on the
research findings, drought stress had negative effects on yield and morphological, therefore traits foliar application of three grams of amino
acids along with soil application of humic acid is recommended to improve the vegetative and yield traits of mung bean plants.
Keywords:Mung Beans; Drought stress; Leaf area; Number of seeds per plant; Plant height.


mailto:%20n.azimbakloo@modares.ac.ir
mailto:modaresa@modares.ac.ir
mailto:ali.heidarzadeh@modares.ac.ir
https://orcid.org/0009-0004-1551-0166
https://orcid.org/0000-0003-2037-0271
https://orcid.org/0000-0001-6680-9257

.

LYK

Kumari ) ! il Jls o olie cuiel glajills b ablis can (550lis oY gnme gl Lo &5 Caxes (958050, (ial58l b
sloygiS QI 5l el )3 g b o gmme (55)9lsS Y gae (5 B3l 31 AL (B9 gre lgie & Sl et al., 2022
cle & oS Cunl oyl GlapsS cp ke I SO (Vigna radiata L.) jus ile (Asadi et al., 2022) 5,5  olius (il daw o Jbs 5
Tantasawat et) 2950 )l.o..w LY u»))lb ul.a?o- )I cl.mu‘mL.»g 9 LF"'\M .)|9.a cMT dlﬁ.\.m)‘ d9>9 c(M).) Yo u YY) &3‘9)4 Lo yd 40 YL’
o) eSS «ely; Oldg aaiSsgame Jolge o5 ol 5l (S olgie a4 68 iS5 b opl b (al., 2010; Sehrawat et al., 2013
(Khahh etal., 2020) Cwl 03)5 9)99) JS,.@ l.’ U])"‘ ) ‘) J}.a.’xo

NS 90 crl il 939800 GBS 5> 95T (25 590 9 Splie SIMS] ( oliondgn «(S2fol 28 il g (Sutis
O Ay oS mdaw iS55l I i g9 opl (Kalantarahmadi & Dezfouli, 2021) 39 o0 jloss s 08dj,ue (gl yidd oy 5oke
Cel(Jido)lS 5 atign st SEal 5 e Migign lagise plo g Cus Mgyl (] (10l (glig) Colis Ells ials’ daaijy,
.(Keshavarz et al., 2014) 33,5 s oLS >,Slos g Ldjy sialS” Coles ;o g stuwgd il

48,5 1,8 25k dy90 izt Olalllas jd cpiigp (Vb o) dawlgdy jumw ilo olS 05 i 9 (2lAe (25,98 Slse Cuonl
2> Eygps e Glo 35 )3 Ol (9000 (I g S e SIS IR ol e Sl (Bl ] 038" gy, (I L
Sl 5 opl plg @3l o)l 39390 leMbl « ely5 LS 5 Shogd Lhw | g s Iyl 4llas @l il dinej 1 Sllas alsl 343 b
oy s9ycp);l (Kumari er al., 2022; Salehi et al., 2021). &l S brg dexe ciaw ilo oLS ;3 o398 ¢ s bl caliste (g, cov
s il (9,Skes 5 (S55lsnsid slageol yire S 4 WIS oag ] il o bl )0 Siagen sl g dpslioal 36 lojen
Khalili & ) 423 &1, Jo—ame ol g5 ()lub g O (6y90,80 (il 3hly awlo o (slo)Kaly 5 03,5 oS oS i cov
.(Hamze, 2019; Wang et al., 2019
3 a 9% 0“ f~“.:
oilo yd a5 Slas o gxe yialS el (Jio Mg J3lye 3 0pga) (ol (i 48 Ab Lasuio Y+ YY) o, Ken s Mahajan 3] adlllas
i ey 535 SRy 5 S B ) g Bl 8IS g B oot i 3,Shat oS bl o 39 (gn 3
Sy pdaw gy gl el Cge oS A 5,8 5155 (YY) o)) Ken g Khan g (V+)Y) ), ISen g Panda wiges olgie 4 .cusls
s Gilo 3 e STl slorn 51 Sl 5 32t 58 Al 5 5 a2y B Sl el ol (A5 090 (o e SBle s el 3
s Al A8 g 2AS olia 3 o] i 4 olS cawls gd o e aily 3,Sles JEalS a4 Coles jd ke ISl ol g 295 oo
5 4l dlassiials (V2 VA) () Ken 5 Khanna 4 4l 5 )Sloe jials (Y+V+) -, Ken g Bhadoria ‘yiowes .(Lian ef al., 2023) cwl
Gly a3aeS g Shegladg) dlox 51028 )1 (e85 8L Cos e ble obS )3 1y &l Jlim (g g S 5 Pl dla el
Alshaal & El-) cluwl bl Suoguds 9 dinel sladul 0390 JI bS5 5,08 ¢ Seis o5 ol 1 ials g O Gyime (251 d9u0
Heidarzadeh ) (Dracocephalum kotschyi) oLS (y )3 1> 0395 ) il cage ol i (Ramady, 2017; Doroodian et al., 2016
LIS 5 il 3,Slos ¢ 5 wsmd s orisy 3,Slas (Moradi-Ghahderijani ef al., 2024) 1| ya 3 ddsls ey det al., 2022
(Naghavi et al., 2024) (Borago officinalis) obg)l b398 JS 33 I pisw 958 0g3leS” oI, (Fayaz er al., 2025; 2024a; 2024b)
ol co e ol LS oopl g 958l 29— o (Abedi et al., 2025; Momeni-Shirjani ef al., 2024) Lools 5 a1y 5Slee
(Heidarzadeh et al., 2021a) cuol o0 olS 5y 5 odgd BUI g O 15 Jolo (claclyiung S



Cuoglio il g ole yo e Gl o)Slas W ) dguty corge 0l Su5glgn b slaanl by cuto 1l 5 b 5l ael (sladw |
o5 bulps ) calisee anel (glasgw | clale oS wlosls L bs jimg3s (Rouphael & Colla, 2018) X9 oo 085 (sl 5 & oS
b e cute I (Kumar et al., 2018) cuwl oLS canglio yiol38l )3 Wl pubitane pf b puditine a5 (S5l 48 Wb oo Liul38] oo
Khalesi ez al., ) 556 dlos | Laliste lalS 5 5,Slee g 0d ) Slaw p (a5 90 bulps 3o g Sis a5 bulps ) aiel cladw]
Sl ael clais | 5L sl s | s )5S (Sadak et al., 2023) iwejpll (Wang et al., 2019) (L o x> Lug) (2023
g oo 3 ySlos isl38l Cows (Allium Sativum L.) yuw olS & oS doeis 53 ¢ jiiw 558 sy i]38] cyimon 9 0LS 0 (655] Lol
b sl g Jloyds &jguo 4y S S plow T 3,58 0 03l oLl (hidgh 1D ¢ micren .(Heidarzadeh & Modarres-Sanavy, 2023)
.(Heidarzadeh et al., 2021b; Heidarzadeh & Modarres-Sanavy, 2021) sls iul38l 1y (Lens culinaris Medik.) wie >,Slos

iy 33, 3 s 128 (61098 5ol 5L (55 U a5 )l 05 plol e Sl 35 ] S 39059
adllas .(Mikkelsen, 2005) &8 o Joasd |y (i3 sg—uw @l il g A io 0 dgan |y (2138 dlge 9 O il Gaybs ol 5l g o0l Liul38l 1,
D95 S Lulpd )3 e ilo 035 9 gli)) il Coge Llg5 o duwl Siogan 5l ookl asTslsilés (YY) o)), Kem o Abeer
oighy 5 A lugl 3,Sles glinl g 0,Slas ]38l e b dwl Siogup 3,87 &S 5,8 5,155 (V) F) hlSen g Kaya piocen
W odalie ML aily 5,Sles g aild Hlia 59 «8Me 1> wiby dlaw (glas )l (Ghol38) s | Siogud o (I 33 (V+ V) Fakkar 4 Ahmed
W0)S" 5 )155 sl St (B yime dons 3 1) 0955 BMe 5 59 5 Al Bldad (BME slawy ]38l 55 (VYY) o)) Se  Khan

eyt B L Sl Biod oS (A5 4 ol Cuoglio LiulEl )3 (Slapiss (glaSaly Guanl g ety Slalllas gl Gull
b sl S 15 Lal s 5 samw ple ol 2 Slae (glinl 310,See y dtiel (slassl (bl Jglome g dpwl Siagen 55T

S lopoalSo 385 () el o5 S bl S i SlalS (slagitalojl ¢ o] (A5 aie )3 031 S Slalllas 3929 L
(Kumar ez al., 2018; Khan ez al., 2012) 48 oo wly3 |, Sogad il g Sulginel wiile ) slajlows loson 3l o (So56)g 0

Sl s lodd plol oo bla olS 2 (5olel Cilio gl 53 Bnjlosi ] plgs il o)l)3 35290 Mo 8 tn |y adllae )
9 podyimS Slise Gladss jlw dige ) Mlgs o 2ol (Kumari ef al., 20225 Salehi ef al., 2021) Cuw! d9ime digej opl > (S5 CleMbl
Sl el

AR5 (olhad 4S9,
gz b S 5 (IS 2 5 @5, ¥ dlasdiiguypg) Sy yio gl VA b g e il Ve glis)l 4) WIS ©pga Gialejl ol
o s 31 lalojl oo lis )i ol WEe Y el)5 Jls )5 008 (lmlyl il dgogyl sy 53 @dly (lals: (gl as50 55 3L
dilate olgn 5 Ol SleMbl og Jlod 2,0 YOYF'YVF" 5 5.0 Job YOTAYO/S" sy a4 o] oldlys (ope 5 Jsb cpto VYo
ol 0a 1)1 Y Jodn 3 Ay 0y9d Job pd dslllas )50

3y b oo 3 4o 3 At 5led o S35 xSn ) g

olo » 2350 PR e
(yashe) (S5)b (Sle 4 0 0 0
(51,5 ol) drsiin (slod 32.12 34 30 25
(31,5 ol) aseS (sled 15 16.15 13.19 9.66

bl 23y 4 Jold gy 2 3y90 Jolgs b plol 1S5 aus by (ool LolS” (slacSoly gl B )5 Jlols s 9556 gy o
e 5o oyl 3o B 63ll e g 395 i b ol Ay ddlaia > LS odlizal LB LT Z¥+ o8 Slaj b ()l glaB sgllao ol
aeyjo ua)b»bd)b]w5by»ﬁ>wbu»m)d&b...o)bclfobm‘b})b o Y ngjbd)giéhﬁzﬁm u.;lwfuw
b 15 B )l s 3 39 e b o ) ailaie )3 ol oslital BB U iAr &5 lej b (gl g g LS 5 5



]t 5 a5 o 53 St 5 e o by 13 o 53, o ) CABLE 5 )3 5 gl b 3, b 5 (40
OIS 53 ol 20 e Ve 3 S oY 5lS) s 53 5 (e i 7D il San) ] Sonpn SIS 3,8 5 (ol 20 54 3
oo ¥ glis)l b JLlS) bl aolg VoA 5 5led Y8 ol Gialojl ol s ool 42 092 (3l o oalisl pue g sl Soge
ol oxs S Y Jodn 5 1 OlS 5 g iy pb guygiuel o3kl 3)90 (6500 digol duaol g0 (20 ko YO s 4

o3litl 3)90 (6l digel Al 3 39390 LS 5 =Y Jgi>

" S &9 oo 331 asel sl JS el

YA yAS YA 70 yANS YARS

b )3 S50 gy (s pSojlil gl b Jlosl QWIS )3 (S 52 Jleg) azalS Jol8' il 5 Sale 5l s (6ylol Giliseo glae,
SeS Ui5 woglhae (6ylol (> (Brme Ol e .05 e3lil Delta-T Device 8yl PR2 Jie TDR griws ool )/l S I did,
claplil p aiol clasal ob gl imgh cpl )3 g IS a5 6495 Job ;5 ) YAD o Y¥/0 S0 el 4 b g bawgie
590 Vo i gMIS SB bl Seagen LIS loj (piman g (2 £ 1 a9y Ve g (2S5 £9p8T5) B g ) - talope 93 )3 (2lga
355 3l b drd )h g Sl s 5 ol duste Sl &S 35 (iS5 o8BS ol ) edliel 390 5do A el (2S5 £g0 5 S
A5 el (1 Jgde) IS S hewd Glusguad 4 dogi b oo (glppl b )3 olS

M SB olerd § (5508 Slogad =Y o

<él (22)9) ) (3e0)3) o (Mo)d) el (10y2) J 28 ]
Y 38 22 40 2.37 7.90
- ool P €9 iy P
(32)3) 39 - , - - - . - - - <
(pooksTpShe)  (phSTpSde) (eSS o) (pSohSTeSde)  (pSohSTpsS o)
0.29 1.188 1535 1336 926 22.34
A S ).; b)“..\.;,

5031l ldSS) )5S bl DELTA-T DEVICES Jso g 5 s gebaus 018503 1 s0litaol b Jlags py0,5] 51 oy i (S, 5y gebas
s 313 53 53 oL 311 gl i Sl Ly ol 5 3 (oo PN Sy b St (S ) b
S xS0jlul ladigy 13,5 A b ol (Sisy glojy3 Sufolsm 2,Mos g 4y (g 250d (S0l IS ladigy (3,8 S L pls
ool Cawds gl dy dlas &y 5 e (S eilNl jolate 4y el Cowd dy Cuilyy il (SO5glan 3,Sles il g e jl g S
A5 dlome &bl 59 Ve re 0 s g gl g 5 )k s sl b g g8

Jolis (el Jgilio 2l oo Y38 S0 5 <Y Jlae (b9, () (b 0 (56503101 (VARY) (e g Krrizek () il (yilomng]
Gl Sy e & (Sg) Joloxe 5 43,5 Jonis il Jols o)las s b odples ol job 4 () 0 A% s 4 S0y 18 el 5 Joilie
b olgs (AnalytikJena, Spekol 1300, Germany) yiogigdg Sl dlowg 4y yiogil OO+ zao Job 10 il (im0 .85 )18 3L
Sodle jl o5 +/0 Hade jslaie oy .85 ool (VAVA) Hiscox g Israelstam g,y 4 M35, o JS b ga Jubg S 5o (5 uS0jlul
4 03903 glyZinl SIS Bl a2 3 Ve g)lo (o ples (19)3 Colo i Do 4 9 (DMSO) wluSsilgw Juto (03 il e Ve )3 |y (olS
i oo a4y s g &5y yRogibg ySual g8 )3 1y 1y 0 ol sl Wiges 1 (o)l a]d S g 4 (S sladiged o gy
b coles po b <l |y Cds jlade (Analytik Jena, Spekol 1300, Germany) jiogidg Syl lawss ¥V o £Y0 SFY slagge Job )
Lichtenthaler ) sol cusd & (Mg g'FW) S 2 5 (3jg p)5 2 p)5 (oo o 2 25955 9 US 9 b @ Jid9)IS" l5e 25 Jgo,8 5l ealitl
.(& Wellburn, 1983

Chlorophyll a =(19.3xA663-0.86xA645) V/100W
Chlorophyll b =(19.3xA645-3.6xA663) V/100W



Total Chlorophyll = Chlorophyll a + Chlorophyll b
Carotenoides=100(A470)-3.27(mg chl. a)-104(mg chl. b)/227

mg ) g (mg chl. a) ¢ )5 cus p Lged 5 (159 =W jiogilh YV+ 9 FYO FFY (slagge Job )3 )9 oo =A wdlitul 3)90 Jolowo o =V
Ak b ga Lbg,lS olie =(chl. b
(Shapiro-Wilk) b g=g b _idle 5 s diodly il jlg 5o 51 L8 .50 Julos 9 4355 /¥ asews SAS l38le 5 51 oolawl b kol
auglie (gl ad plxl (GLM) 4Bl prass (s Juo 325k 1 Guilsly 4jo0 deossledly Jloy @js jl Glusabl 5l 5 48,5 plos
A oliwl Excel l38le 5 51 b loges a3 (sl -0 o3litwl o yd & Jlein! pdaws )3 (LSD) Iy size coglis J8lus yg050 51 o puSileo
Cou g oMRg3 SRSl
g &Lﬁ.’i)‘
Jlais) s 5 2532 5] ) 5 fosine 58 el doul 3 ol Sngat ol o2y 515 s 205 000 MEF G g 41520 Jgiz
oy oglae ()bl balyd 5> el Aol p)5 dus b Sl Saaguds 30,18 Jlaus 3l Lis s 1 Silio duanr ldo (T Jgis) cuslSS as 3
Wb g bawgie oS 55 4 wollae (o)Ll 5l a5 nd il Lol lis gols wismen (V) JSKW) cobl e Sl YDA L, gl
a wolhae gylol Lulps 5> aiel slasw 15,5 Hlas g aw 30,8 ()] o ogde il ialS gy gli)) 5l o g VelAe 9 SI¥A Ll
oo Todd ()55 (Siia (55 3150 5w (ile wg glasyl LialS (V) IS5 ol el gauo j3 VF/Y g VWY ilidl el ey
5 Jsb (il Coge Colis 3 45 Ale olS ] Laly, p S iSE LiteydB iy |y LislS cpl (i (Salehi ef al,, 2021)
89y A | Soogud 5,8 &S Cuwlonds i,l55 (Harpezal., 2000) sisbo a5g gldiyl yialS pol pl asecs 5 3045 oo (Jobo comuds
59 Olho b e  Soumed Cado oyl (Abeer et al., 2020)u o] gl (i1l el g cusly (o)l e 5l s Lilo olS aigy glis)
=+ [YNF) &by jln 59 ot =+ /EVHFE) &gy 13 &ils dlus ot =+ /OVHF*)IS yy pedas ofr =+ /5 %*) 0395 Caunnsj 1 =+ /EV*H) Llob plul Sis
(Y Jgaa) cuils (r=+/8Y%%) &ly 359 9 (r

sl (3 Jgbore g dsl Songed (B 2,218 (s ol (slo )y 5B o jum ple So55lod g0 liio Claye Sk —F Jgi

Ao
Sl ye (155ke

I ) e . . ..

et s ol ey &“’ o9 &” 0 s S o S gy
Sy Sy a8l xK

c_<9b 2 3.92ns 23.4ns 9554 1s 5382.7m 26196.9 117105.9m
d)lﬁ’.i 1) 2 44.96™ 1370™ 583659.6™ 544431 86246.8™ 15993143™
A:.w] &A%Jb (H) 1 8.46 " 192.5™ 47586.1" 45219" 129701.9™ 55910.4m
Al.yol ..\,“.\.o] (F) 5 13.93" 152.2™ 39093.3* 68066 91605.2*" 1329503.9*
IxF 8 31.8™ 332.4™ 51730.2" 9499 ns 28771.7v 323697.6™
IxH 2 6.6" 97.2** 9547.7 18 7126.7"s 10981.6™ 146815.8™
HxF 10 9.48" 52.9* 45895™ 6220.8 s 50196 184365.4™
HXIxF 5 25.42™ 49.9™ 13304.91 17534.3 s 13263.3 ™ 178574.9 1

s 70 2.61 8.92 7056.6 10545.1 17518.9 145388.4

(6AY (X) - 8.32 11.06 23.63 20.92 24.74 15.60

Sl gdaws 43 4la me AL VN Jloint o )3 ls me BMA] ¥ I3 sz B3| pie ms



30, ®Fl ®F2 ®=F3 =F4 =F5 mF6
a

b

=8 | b ey b-e E be b-d .
g - R d-h c-g £1 e-i ) T i-m e =) i
S g-Mgy T8 M, o . j-mg- h-m . -1 £ f-k 5 £ ] fk
on
‘5 15
<
.‘E 10
~ s

0

HO H1 HO H1 HO H1
11 12 13

il gy ool 1 s Silio duglie) S 3lo i) 2 el ool (3 Jglne g dpol Sogen (S0, o] gy GiiSon s =) JSS
Mo oS L5 12 cogllas (oll 15,185 Jlaline GMS (g S5 53 S piio gy gy (sl Sl (1a plosl (LSD) (4l sime 3D
b 5 il 35 93 L (3l Jglme F2 (g 2 3w S sl osei)ol 1) )3 atpeluel p)5 oL Bl glre FTaiad (S (15 13
PS5z b lsle FA (g yo 3 o Sl g Jlaged) Ol i 3 dalival )8 b 3l Jglome 3 (o5t p2 ) c jlpgd slaged)c]
Jo903) sdlsloe cigds 1 FO (g 1 )3 ) iy Joged) slaie Gl b (b Joloms iFS (g 2 03w ) ol Jogei)l i 53 el

ol Sogen 30l HL sl Saogun 33 g9 HO (9w o 33 ol s

Qg S g el
Jgi) CsliS 2oy S Jlao] a3 Sy g (59 (50 srapAl el (sl g o] Ssaged c(5ill 25 S A JiiSon
cyosio sl VY L Gogllas (6 ol Loy )3 ] Soogud j1 odlitusl 5 iasl (glaitus! 55 63 slows Jlae! b Wiy 5 s oo 35Vl (F
5 & sl (S a5 ) 5 3985 yixie ISy peans 1S 4 WIg5 o TS L5 45 sl o0l 55 ldllne (Y JS5) 0 Lol
ay atgol (slntol 3505 o WSy peans 5 by S &y oo A8 bl (oS Laslpd 53 3itasgtd LElS g ay 35 515 i cllab il
Ghazi Manas ) 5 $5a olS <éluyg 5 5 oo (]33l 45y g (Jed9)1S) dlzam 5 (LS (B 15 )3 0139 el asie lie
oS 5 s il ey polis e g A ) L33l L ritans 550 L o] Saoged oS ol Lk s gl et al., 2013
ot oy yidiny 0lS (63w 938 dlge g3 3 ealitans piU e 4 Cuio oyl (Ehtesham er al., 2018) 3¢ o (olpS Laulpd 3 2950

60 mFl ®F2 =F3 = F4 = F5 mF6
a
50 b
40 :
— d-bik dei ld-g ge C;d d-e
L c-af Fe-gf 5 eg ef £-h
830 = i i £ifh g
= m b hdirk h_IﬁT‘. , .
g B . I n
S20 -
<
3
10
0
HO HI HO Hl HO H1
1 103 13




bl 2 e Sles dslin) oo Blo 8590 S0 s Aol (sl (3L Jlono 5 ol Sangen (S 2,18 o)l sy iy Y JS
oMo oS (i 12 ioolbas gyl T 0505 joline WS S e gy clyls (gla pSilo (45 pll (LSD) (g)ls sime 3] Jolas g,
5 5 sl £ 93 b (B olone F2 5t yo 55 5 Ul Sogei)orl ) 5 siseliel 5 Sy b (Bl sbre FI g oS i 13
p)5 ez b Al sloxe F4 o5 ym 3 ca ) g osalfol 1) 5> iselul o5 aw b (Bl sle F3 (o5t o 3 G il pgd sl
Josed) sblyJslore cighs 1 FO (oysio po 53 o Sl ooty loged) oo o b (bl Jslomo F5 (g 10 50 G 3l pilag sad)ec i 5> dipelugu

ol Soogum 3508 HI el Suogu 33558 0 tHO o ey )0 Co I i

(2395 Camr ) (2lo2 b pluil St (59

aw 53 dol Koot 3l g 2o yd K Jlosn] o )3 dinel (slaswl 9 (65l (cla a5y @l il a8 sy lis B dls uibjlg a5 g
g 3 (s fgne 35 dhsel (Slontsl g ol Ssoged (uiSad (F Jpin) cubls dblo Sis g 2 S ygine 386 2oy gty Jloio]
Bl g jtiSamy ;b Cov Sy KA o Cubls BUE LS g do > S Lol o gl oy Fl 5 Lo > S e
15 (s 55 S il s 3) | St 5 6ol oy ity 3 (253 S o] s 53) Al (s 5 | S
st o 0 3 Sy il s 53 el slas] 3 oo 5 Tty o)1 sl 5 K g b et 9.5
23 ol e oyt g c8l LS (gl tae yobo 4y 4Bl LS (g oS G b SRIBI L 5Sike Auslie IS 3 (FUsie)
& Cond (S i Bl i3 59 ] Sogad 5l ool pae yitren (¥ JSB) Lol Cowr s 439y 38,5 Juo SYAVE b Lgllae (o)L
sl p)3 dw g aiel cladewl p)5 jlen 3,08 ol liindie] claswl iliste zolaw awyp ¥ JS5) Coild dowl Sooged 1 ool

(V¥ US5) 239 (b Jgloe gobams plo 51yt 95,5 ude (o ymdin a8l iS55 2o yd YOIVE o YOIV sl 1 Capns die]

700 a (A)
600 = 600 a b (B)
Tg 500 b g 500
= ¢ F 400
on
e H
_%300 z 300
2200 200
& =
";100 g 100
2 0 a0
11 2 3 HO Hl
800 ©
a
b-c a-b
600 | g T d
. g d
400 I

(e

Stem dry weight (mg plant™)

F1 F2 F3 F4 F5 Fo6

099y bl 2 o pSili duglio) 4Bl StS (55 (59 (C) el slosas] (2L Jslme g (B) duusl S (A) o)l slopey ool Sl 3l =Y IS
T3 oMo lnS 55 12 cosllas (o )ll 155,00 lsline B ¢ S jito gy gyls (cloysSilo (0 pls] (LSD) (gl sine 3M3] Jolios
£ dw b (o2l slome F3 el i ) digalal £)5 90 b (Gl Jglre F2 ¢ O 2] 50 atpelgal 25 6 b (Bl slone F1 el oS G55



Spogut 35 190 tHO ¢ 25b Jgloxe 93 F6 yhaie O b (5L Jgke F5 ol jd )3 aielinwl o5 Jloa b il Joloee F4 o1 il 55 aisel il
ol Soogem 55,18 HI cdunl

3)5 b aiel cladgnl 2,5 Jlas 3,8 Jlas p3 aildy gh BOME Kisd 159 oy i S LS dtsel (o] 5 Sl Spogun jiiSan
5 o £ VIF) Sl Seogu + aie] glan] £S5 S 0,8 slajles b oS (F USKE) s Adgs iy 50 p,5 oo FAD/Y L sl Siogun
23 £ koo BANA) sl Soge 9+ ol (sl £5 93 (592 5 £ o FIFIA) dpusl Sogem + atpol (slosal £ 93 (532 5
Aoy 5 onizzen (F JSE) Cablis ()l gine BT (92 )3 p )5 o SYV/+) dpusl Seraged (90 + izl (slodsasl )5 s g (652
JS) el sy B2 53 5 o FINF b Cogllae ()l Larlpb o iy g0 B SUis 59 oy Mbodalitie ()l (slaay (oo

(¥
]l mI2 (A)
800 | 1000 | wF| wp2 wF3 =F4 =Fs mF6 (B)
£ 800
% 600 b l a-c -| a-ca-b
@ 5
g ¢ 2600 | 4. lce
= 400 &
& £
) = 400
g 200 1
= 200
S 2
0 =
1 2 3 £ 0

2 Sile duglie) M SIS (55 99, (B) aizel sl (3L Jslxng il Siosen W » 9 (A) )bl slaws uxou Y s
nS L5 12 wogllas oll 105,055 Jolies BMS] S e g > gyl sloy:Siles (15 plsl (LSD) (o s sine B3| JBlas j3g, ol
2 el £)5 53 L (Bl Jslone F2 ((pignn )3 o 31 ol SIogei)l 1) 93 dslivel )5 S L (Bl Jsloe FI ¢ spad (oS (2513 Do
PS5 o b sl F4 (o5t o 50 o T pgw slagai) ol n) pyatalinl o5 dw b (S glxe F3 {5y 50 G il pgd Jlogel)] 2
Jog0d) bl slme (igh 1 F6 g o )3 a5l pxigylaged) e O L ol Jgle F5 (st 2 50 car il p)laa Shged)] 1 ) disli

ol Senge 338 HI el Sionge 3,118 (93 HO o5 2 )3 ol dd

PS5 93 il odlisl ysizten 5 ol Shogem 3018 5 alial (glasend .5 oz 20)l8 ) S S (g i 4 0l LS ol b
OiSan y Gopimen (B JS) 15 WP By ) 28 FEMD 9 FAMA L i & dnl Sooged 3l oolil pie )90 )3 g lsal (slatiu]
wslbo (g)lal Ly o jlatio ol o 4y (b slowe gl dad Sy SS9 oyt o 0 Gl el sladsl 5 (bl slogas,

(Ogss) iz S )13 ool 09,8 G 5 bawgie ol (15 bl 5 abual (cladl p)5 s g 93 S5 28 L aSTsel sy



mFl WF2 wF3 ©F4 WF5 mF6 (A) (B)
600 600 mFl ®mF2 mF3 F4 mF5 mF6
= d-e = "% T
£ 500 L 500 | I ab a-
B 7 ) = b- bee
on -
E 400 T’ ce .y T’e ) g 400 T ¢ )
B 300 cd e 5 300 "
o [
= = h F h
2 200 £ 200 '
5 3 ;
=100 =100
0 0
HO HI 1 12 3

2 BSibe auglie) Sy S5 (g ) dieel slasenly )bl sloply Gy 5 () dinel gl g Sl Soagd (Sanyy -0 S
S G55 12 coslhe (ol 155 Jolies GIEST S jite By eyl (o ySibe (5 plos] (LSD) by i B3] Bl j3g, ol
2 el £)5 53 L (Bl Jslome F2 (gt 12 )3 o 31 gl Sgei)l 1) )3 aipelinel )5 S L (Bl Jsloe B¢ s S (3513 odle
PS5 ke b ot glone Fd (gt s 5> e 5l pow Jlaged)ol st ) dialinnl 35w b il Jglone F3 (gm0 55 il pg oges) sl
Jo903) sl Jlore cighs 1 FO gt 0 50 o 5l ooy Jloged)atio o b (oS Sl a5 (g 50 50 o2 | )l shged)e] 2 )3 atelasul

ol Ssogan 308 HL sl Sogen 3,118 g9 HO (g 2 53 o 5l s
S G5 g (S92 3 5 oo YYAY) g (eSS Canmss g2 30 ) (o VIR L gllne (bl 450> oLt (bl a5y 51
hslre & S el sl (Sl slore cizmen (FIYSS) cullbig i g il S i (652 50 £)5 e YAY-)

S amalyigpmig JS Sits o (wald) o3l gl pas g jlato

3500 (A) 3000 (B)

3000
2500

a
b
2000
c
2000 21500
1500
1000
1000
500 500
0 0
11 12 I3

ol stne AT Bl o) all o :Silo aulie) algm plil S StS 59 5, 2 Aol ol 5 (ill i)y Lol Il 5 S
FL o« s oS 5 BlapMe oo (55 12 woglae (gylol T1 .55 Joline M| S o gy (gl (slowSibe (15 pbsil (LSD)
Fa ) sl B bl b 3 ol st 48 53 b 3b Jobone 2 1 0l 5 aisliend 1,5 0 U ol o

sl st 93 16 oot o b il s 5 sl 20 > delieal 25 e b i s
(Panda et al., 2013; Khan et al., 2017) 1b o iolS S16S (55 Job )3 jaw olo oS olon plusl Sis 59 e 5,155 b
Aozl olS (So59e0 348 5 (o) Clao ials csly uﬂpf oS &S Canl S cpl 4y olS j0 gy Cluogad ialS cle sy oo Hlas 4
390§l Sb o, Siime s guls 3,138 o site il ol 0, 5 Culed )3 9 D9800 S Ol L Slgins g Sy o 5y ol (glis)|
Abeer et al., 2020; Kaya ) Aib 0 gl (cladgl 5 Seogam 30,8 51,5 3955 g Lugd ¢ yole LS wlor plul s 59 (aing) Claw

2500

Stem dry weight (mg plant™)
Stem dry weight (mg plant™)

F1 F2 F3 F4 F5 F6

1y ol Spogan g ainal (ol pulas wd)y (olacS o I oolisul ases p3 olS ey ©law iulél (et al., 2014; Khalesi et al., 2023

.(EL-Aal, 2018; Neisi et al., 2023) 5> Caus (5950 puudpolio mulald 9 (Jdxe (gdxe dlgo Ll ¢(gjtwgd cailsSS, Liljel 4 olg5 o



OluS y3 30500 JWES1 g 0350 53 0395 Cannyj oo Ly > & &S adly il olS (63 )Sas g gla)l lao b dite  Sisweds Slas )
(Y Jsia) o9 jlassl 550  Siswed (pl ol ol (slaciond 4
il 532 039
J3i2) 23l e 20> o St o 3 (5lol (sl 23 o Sl aila)lia 39 o (6 i psl Sk b ol iy o Jgie s
)2 139 S g (p)5 OAIA) @l )i iV & (555 4 il (pialS K59 oS S5 Jlosl b wlslim 55 slasl 0l 2 (0
wmlf el k_)T umi: d‘).} ol ng‘uy uu!btf u.w)‘)f 5 (V Jg.w) W VR W u"iﬂ’f O g u9nan Lg)lﬁj b iy A (‘D)f \"A/A)
S b i ol L dg3 ik ;> (Danaei Rad et al., 2024) ) SKon 4 ofy (SUls .(Munir et al., 2021) a5 &by i 30
5 St a18 (el ) (laleS Jobo 5o b )lie 5 (el e D30 803 YV (je 4 il @ e g Sl e
Khalili & Hamze, ) silod)S" ,S3 &by i 5 0)80 9 Csjuw LialS puizman o aily 0l p s (gimiwgid dlae JIES] 1> cudgize
039 9 (L =2IYV¥*) &gy 1> &ild sluss (1 =+/AV**) Llon ol (Sis 59 ot =+ /A #*) by o0 BMe SUid (js b cino ] (2019
(VY Jeds) casly (o) bze g Cuie (Smon (r=+/VO**) aily

s 5 el S (S 3,08 s bl oy 5 €05 o oo Slac 5Tzl 5 41 oy Cliso g Sike 0 Jpiz

aigel slaaligil

Ol gl 4?)3, Sl ol
w8l abylsa g &gy > &l oluws &b 50 Cubloyy pasls

Soby 2 10.96 ns 20.4ns 12235.2 ns 12.97 *
d)‘:*.-.’i @ 2 1527.5%* 602.6%* 2723932.9%* 310%*
Sl Spog00 (H) 1 29.4 ns 22.6 85199.2 ns 59ns
diel dpl (F) 5 19.3 ns 87** 273343.9%* 39.45%*
IXF 8 6.3 ns 166.6%* 206909.6** 7.54 ns
I'xH 2 6.25 ns 19.3 ns 85992.4 * 53ns
HXxF 10 1.93 ns 5.85ns 98073.96* 0.91 ns
HXIxF 5 1.93 ns 11.6 ns 104861.3 ** 1.2ns

(55 70 9.21 10.9 7056.6 3.86

(v - 577 16.90 23.63 4.60

S Jless| pdats 33 yls gxe aMS s ) Jloin ] o )3 I gme OS] st > e MR pac ms

m]] =m]2 =m[3
a

B = N |
(= - A =)

[\
(e

1000-seed weight (g)
= =

S

11



o (oS S5 12 cogllas (53lel A1 55,15 oline BM (S jitio B9 o (sl SlosSilia. b Jljo (159 595 22 okl 2y ool ST Y S
L oS a5 I3

Aigs > Ald oy

Jlezs o 53 doud Sogem 3,0 5 (5ol blite 31 5 dial (slousl (b glome (Lol 55l o cnl (il )lg 4255 Jgi ol 3o
2 YEIV L ogllas &bl byl 53 ] Seogun 558" 5 gy 50 ald dlas oy iy Dy LS 2ols (O Jado) Cdpdy ,..,b oy S
pie g jhie Ol b o3l Joloe 4 s dial (glasoul 5,8 3l (L5 il (gl lod 51 s omizmon (A JSS) 2ol
Mo il oy &l dlaw gals Coge ()loleS Jlasl calise cilidio )3 (A JSb) 3,8 AJg5 (¢ yiuimaiian )3 4ild sl s Jglone
0,33 dlgo JWSI 5 jriwgid > MBS o &g p> aib sluw ialS (Danaei Rad et al., 2024; Aghdasi et al., 2018) Euol oids 105 4
= [AY*E) @il a0y BMe Sid (59 b g 4o &by dlusy (Raeisi et al., 2020) ol ouds 45155 03,5 sladily 0 gudie o ladily 4y 00
1V Jpia) cadls (6l gnm 3 osin Stsad (1 =2 IAV**) als 355 5 =/ )l ol S35 55 o

(A) T (B)
25 30

e
o
e

20 aib

b b
1 20 E
15 C
c

15 T
10

10
5 5
0 0

11 12 13

Fs F4 F3 F2 FI  F0
S| Bl g, bl 2 o eSile duylie) sy )3 ls 2lass 3 (B) dpuod Seose 5 (6lel (iSom 5 (A) absol (slosea Lol I -A S
c b S 35 T3 Mo oS iS5 12 cogllaaglol 1 .05,105 ol M) S jtie By > (gl (slo Sk (-1 plsil (LSD) (g)ly sime
ol 5 ailigel 5 a b il Jolne F3 gl 5203 dipslil 25 93 b (odlJslome 12 ¢ 0T 1) o atpeligal 5 S b (o3 Joloo
obldglre (9 1F6 e O L il gl F5 (ol 1) 3 dislicud p)5 Jlaz b bl Jsloe 4
41> 39
Sy Joz] o 3wl (i il Gl § dsl Sogen ()bl slopey G dw JiiSanyy oS 2l L5 b o3l uily)ly 4320
Syl S50 LSS tpol slasial 25 55 (o3 Jolomo L il (59 i 2 it (:S0lie dusglio @l (B Jgaz) 352 I3 im0 10
Ll 53 Sl Sagen 35 etiol (glasad 25 Jlaz (Bl glore o b 45705 A5 g2 )3 S oo VAAYIY b ogllao Lyl o
PS5 Jlag o) hingie (JlnS (15 Ll 13 3l LS gl ian (28 )S J1E (o)Ll 09,5 Sy 53 iy 5 p)5 e WYY L gllas
Loyl 3 ogMlay g8 gty (o)l w5 0l 1o gk ol & G gy > 4 (g 25 e WASIY L sl Sogim g atiol (glosid
Lol p)5 93 5187 g g 53 Wl 59 S e Voo Lol Sagem )87 (90 5 dinel sl 5 A 3,8l S 15
i 36 el o 39:e8 (A S5 ) 92 ()l ) o0l )3 g s 31 i g2 5 W15 S e PFIA L ] Siagets 3,18 | el
Medrano et al., ) 1ib o 413 259 (il o ds g 295 0 4ild o)l g OME JSLis jialS a1 g iy 4 l3e dlge !
Slse el g se atpel (lasusl bl Jslowe doeis > A8 o oo (lalS )3 lapuBiyy objle lipl Blsis 4 atel (slaseul (2002
Ly Cuto (Siuwads (p yidoy Cuto oyl ((Paul and Panwar, 2016) bles SoS laaild dauwgs dy g 1S o2ly8 1) b g el gly adol

25

o

N. of seed per plant
N. of seed per plant




Cadly (1 =+/VVF*) Cily gy (adls o (r=+/VO**) &by lia ie r =+/AY**) &g j0 &ild dlasd o =+/AV**) Lloa pluil SKis 59

(Y Joiz)
5500 ®Fl ®=F2 =F3 =F4 =F5 mF6
a

2000 i w
~ b- -
E 1500 - oo
% d-}fi'hI ‘ e o cif :
en gl oo g-ng'“f'k =~ . gl g-lh
£ 1000 i-0 J-on-o ko i0j-ophi-0jg - EULLO
E I I n-o oM-o0
50 I
5 500
Z
g
s 0
© HO HI HO HI HO HI

1 i 3

ol gy bl 2 1o psSilis duanlie) Saus (ble il 59 2 dtsel (lasoasd (Bl Jglone 5 deusl Shogen (S5 3,08 gl 325, (iiSom =8 JS3
S G5 M3 (oMo oS (a5 12 cogllas gylol 1.5l oline S| S tia@ig s (old (slapSSle (15 plos] (LSD) (gl size M3
3 pg> ssadfel szl ) atselannl £)5 93 b (Bl Jglome F2 5 o 36 51 Jsl slagai)el 2 )3 atelusul pF So b bl Jslore F1 sy
A3 el 05 Jlea b (3bsbre F4 o5 2 0 oo Sl pow osele] i) ) agelinnl o5 A b (Bbslxe 3 g 2 0 o
23 3l e Jloge) Bl glme i 1 FO gty 50 cail ey Igas) lale ol b 5l Jgloms FS5 (gt y 50 o il o)l o903

Cunld g sl
oA LE i 3 LS ol (0 Jedn) cd,8 518w yn Ko Jleisl pdaiw 55 (5L Jslxe g ()bl Lol @l il 13t cos sl asls
SIS o Llyd 3 a8 gyeb 4 il Lials ol olee (i s il Bl L g del Cands 3o yd ¥/ b gl (oylol balys ps il
£S5 93 0,8 cuby adls YL ol Gl Lab Jelowe Lol 5l sy coeiomed sy doyd Fo/A 4 cby (asls il
(A JSK) cé)3 )8 o)lal 09,5 S5 50 huoyd> TR/ b el (sladul p,5 SO 3L Jgloe b 45 A sdmlive Juoyd ¥F/V b aisel (sloiul
OielS el Sl ol 5 A3l il coles )3 5 S a5 sl a8 5l 5 295 oS (siiesd Cllab el 4 e (S 1

(r =+/YV¥*) &by 5909 (0 =+/VNE¥) &> Jl5a 59 9 Cato Cpl (po (Siawed p YL (Chaves et al., 2003) Lo o Cuiblyy (asls
1Y Jass) 35 Js
=l =2 813 (A) (B)
48

W
(=}
s
(ox
©
T
¢}

IS
=N
a~
S
H
H
H

N

N
(8]
(=]

N
(=)

Harvest index (%)
S S
(e [\

Harvest index (%)

W

o]
—_—
[«

(8]
[o)}

a
T B - d dc d
b c .
I l 0
I 12 I3

F1 F2 F3 F4 F5 F6

b sine EM] s (Boy bl 2 Silbe duglio) il Gasld (13 5) 2 (B) el slasul 5 (A) )bl ) (ol @l -2 U
FL o« s oS 65 13 oMo (oo (5 12 oglae (gylol T1.5,l5 Joline OMB] S yiiio gy (6l (slopSibe (15 pbol (LSD)



FA ol 1 > aaligel )8 dw b (bl Jgbore F3 c OF ynd ) disslinal p)5 93 b (bl Jgloe F2 ¢ OF y1d 3 dinelisnl 25 G L bl Jglone
slsle gt 1 F6 ol Ol b (b glone F5 (ol 1) ) dinelinal p5 ez b (il Jslone
Cilowgil 5 ( Fhwgid glao 5,
€85 )5 ao s S Sl o )3 duslgisal g el Snged s )bl w25y A5 aw [iiSanyy b cov ubussl 5 JS 5 b @ Judg
).ul.s A6, g9y Moy S o] o ) bl w23y shol 51 g oy gy Jlois] maw o .\yulgsﬁ.o—l 9 Aol Spogud ailEg> Sl Jg
(7 Jgsx) cudls (gl sine

sl 8l Jgloo 5 dud Sogan (SB35 c(ilol (slagsy w3l cov jow (ile olonban Sl Slaye (ke =5 g

Wy
@) Slaye (Sl
T b i J5 St 58 RE
Sl 2 0.42" 0.02" 0.37" 0.0046 64.46™
SO 2 4.33% 0.93%* 8.72% 0.1003°** 1464.78%*
ool Songen (H) 1 0.09 0.39% 0.87 0.0048 145.79
diel ol (F) 5 0.31 0.31%* 0.60% 0.0186™ 322.12%*
IxF 8 3.93% 0.12%* 0.52%* 0.0012 2.27
IxH 2 2,98 0.02% 2,97 0.0060 257.14%%
HxF 10 0.57* 0.04* 0.64* 0.0127* 229.27%
HXIXF 5 1.21%% 0.10%* 1.77%* 0.0085 249.15%*
s 70 0.22 0.01 0.24 0.0047 85.94
v (%) - 16.18 16.65 13.53 23.69 19.23

0] s 8 3 sine BT 1) Jlais) s 55l ine ST I3 ine 3OS s s

Sy 5 0js pS 2 ek FAL Colas (lul Laulpd )3 aal Clongan (ygr + aiselil p)8 S (3L Sl jlass oy olis b
L sl Saoger LS 58 51 b Ji3g)IS Jlader oyt o Jl 55 (Ve JS8) s bajlas plo 4 Cond (gt @ Ji8g)IS
(V) JS2) 45 oanlite Syp 35 (139 25 )3 PS5 VT 5 WY b i & cogllas o)lal Ll o atieligad 25 )Moz 5w (o3l Jolxe
JS3) 3ol sy gllaogel] Ll 33 ol Soge cigs 9 dpslsivel 205 Sy 0,18 o 1@ Jido)lS” silom 35 JS Judo)lS” ko
5 A0, aibene I 4 4298 b g W3 A365)S 5 2len plul s ()jy Slao L] (Stsen (2 5VL (gjtiwgs salsSS) (VY
(Y Jgiz) 292 el BB (Stsen el olS a8y (2alj3l 5> jruogid

mFl ®mF2 ®F3 F4 w®mF5 mFo6

6
~ 5 a
o b-e
= b-c b
i b-f b-d
B4 b-h f-k bf—p e ) I c-id-i k-p b-gb-h
' e J-p :
00 f-k f-k f-k . 1-m
h- g1 . .ogl e
2 3 ) Iq i b Eo i’ P
~ ~ q m-q 0- -
2
[
o
—
S 0
=
O 11 12 13 11 12 13
HO H1




ool g2 B eSile dglio) o Sloa Jidg S Cle s izl (slasgusl (o3 Jsloo g sl g (B 3,0) ikl oy piSamn Y JSS
oMo TS i 12 coglhan ()bl 113555 boline SIS e gy (sl slnoySibie (15 plosl (LSD) g o sine ST JBlas b,
b 5 dizeliel 2593 b (Bl Jslone 2 (g 2 )3 S sl slged)l i 53 el 5 S0 b (3l slre F1 s (S 1513
P b Bhdslme F4 (gt o 3 o Sl paw oges)ol 2 )3 alil p)F dw b bl glre 3 (piste o )3 ol pgd loged)]
Jog03)eblslome (igh 1 F6 g o )3 e 5l poxiy ylaged) e Ol b (ol Jglxe FS (st 2 50w il p)ler Jhged)] il ) dieli

ol Sieage 338 HI ol Sionge 33187 (19 HO (5 2 33 o jl i

®F] w®mF2 ®=F3 F4 wmF5 ®F6

1.6
ab?

~ 14
2 12 | be
= e iy } b-d of ,
o0 1 dch e -g. d-i & em
@ 03 ™ m ™ i i W™ gm

k- oL jomd” jm_ =My J-m
:5’ 0.6 ‘|V Imlm m T I n}m
a: 0.4 .
g 02
= 0
o 1 2 13 1 2 13

HO H1

ool 2 o Sile dumlio) a0 ile b Lidg,IS cale s atiel (slatinl (3L Jglte g dol Shogan (ST 208 ()0l 25 Gy VY IS
oMl oS i 12 cglln (gl 1 3535 Joline ST Syt By gl (slnySilie (1 plosl (LSD) (gl sine 53] JBlas g,
b 5 dizelagel £)5 93 b (3l Jslone 2 (s 12 )3 < 5l sl slgei)l i 50 Gl )5 S b (o3l Jsloxe F1 s (S (15 13
P e b blglre FA (g 2 5 G 5l pow Josed)ol ) ) dialienl o5 a b (Bl glre F3 (5t 50 5 o 5l pgd slagal)cd
Jogs) bl slome (igh 1 F6 g o )3 e Sy ylaged) e Gl (o8l Jgle F5 (o5t 2 50w il p)lae Jhged)e] ) ) disli

ol Koo 353)8 HT el Soogum 313518 408 HO o yoiaw j2 43 o I ol

mF] m®mF2 =F3 F4 wmF5 mF6

7
- a
= 6 b
= b-c b-e bee b-d I ot .
& . . d- -g
2, ’ fkeJ e Sgly o ch mglg-l of e-h
N— b - 2 -1
= lp  k-oK© ng Mo 8"
Z3 o-p n-p mp P = | E
E ] p k&M
32
=
=1
g
0
11 2 13 11 12 13
HO HI

2 Sl duglis) s Jlo IS o)l clale py atiel slatiasl (o3l Jglre 5 sl Siaged (SB35 cglel ) GiiSamy VY S
oS 0512 iosllas glol T .05)l85 jolime WS S it g clyl> (sla 3, Silio (.15 pbuil (LSD) (g,l5 sime M3 J8lus g, ywlul
3 disalil 235 93 b (o Jsbe F2 s y2 55 w2 31 sh gt 2 5o atealivul p5 S b (o3l sbne F1 s e (513 e



PS5 sl b (otbdgbre F4 (5o y 53 o 5l pgw Jloged)ol yid ) abualisl o) 4w b (bl Jlre F3 g0y 53 5l pgd Jlaged)l 2
Jo903) sl Jlre (1931 F6 (oygio 10 )3 w5l o2y ylagad) ae ol L (il Jlore F5 (g 0 )3 w5l ooz slsad)r] 2 o atielagul
Pl Sagen )8 HI sl Seagen 28"y HO g0 2 )3 i | wibid
039 35 3 e e IYAL dpd Sngen 5 splsivel 235 oz (o3bsbone b 39S o (LS bosulyiel 5 syl Sngen (2S0m
S5 Sl S 9 9 dslginal 25 93 (3L Jolore cimizmad g dusl Saged g dpulgizal p)5 a2, b g 09 iy S 5
13 &l 3l (1 = INVFF) lon sl (S5 i Sl 5 05555 o o oline 5 e (Stused (W JS) 8,5 15 (g )lel 05,8
(Y Jasa) s ool (r=+/08%*) Cuildy (aslls oft =+/F+**) by g (r =+/FYV**) &by Jlin 59 r =+/OV**) &g

mFl m®mF2 wF3 F4 m®mF5 w®F6

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

HO H1

Carotenoids (mg g 'FW-!)

(LSD) (gl sime SHST il (39 (bl 2 Lo Sibie sl o (3l 3855 Sl 3y aizal cladon] 5 sl Soge (iiSiony VY IS5
b Jgle F1 e mas oIS (a5 13 (oo oIS (25 12 cogllasiug bl T 0555 jolee M5 S jniie Cgyn (s (slouSlie (b plosl
F3 o5 2 3 ool pod Joged)l i 3 disslul £ 93 b (Sl Jglre 2 (ygs 2 1 G 5l gl Jbge)l 1 )3 alelaul p)5 S L
2o ) plea bsei)el 51 )3 diselusl p)5 Jloa b (3l lre F4 (50 12 3 o 3l pges Jogei)l i o aipeligel £35S a b (3L Jgloe
238 g HO sty 53 o 5l s Joged) sl Jslmo (i3 1 FO (gt yo 50 o 5l ooty Jlosad)laio ol L o3b Jslowe S {52 o

ol S 55)8 HI cdusl o502
PS5 92 25 b bawugte oloS 85 Luld )3 ilagil jlade (it ol (L5 lasplyinal 5 Sl Sosed bl slopas; 45 dw
DS g dplsinal £)5 93 (3l Jobre sliylaiil 45T uS w5 Sy 5 039 £S5 2 Jpegtl VIV b sl Siogen (LS g gl
Lulyd 3 (S 5 0js a8 2 Jsesl PYY) sl Simgen (5 9 (8holne (h9% 5 (S 5 g p)5 32 J9egil FYIT) sl o
2285 )8 o lel 09 )8 Sy 3 1 e G bl 5 ] Smge (19 9 dpslsival 25 oz (Bl glne sl g bawsie oS 13
b 0yjg e I1¥) alsm plal SIS (g = /1TH) BUE S (55 b gl S (LS Gal b (Sten Jpix (VT JS2)

(Y Jsi) Catls (gl sine 5 sitto Stumpod (1==+/DV¥*) cudls g jaslis g (r=—+ /¥A%)
mF] ®mF2 ®mF3 ©F4 mF5 ®mF6

. 80 a-c a
— . -b a-d
70 d-j . b_eb-e a
E 60 T b-h o Fbe bg .. bee
s di dk I b-h el - djd-je-mem c-i
20 50 e-m gn em ko
on m-n I 1_nh-n T en T in® on
E 40 n k-n jn
=
£ 30
g
220
£ 10
=
<

0

1l i) 3 1l 2 13
Hn Hi




Sl i) o Pla IS gl AL 3 il (s 15l g 5 2ol S (S 3, 6l oy St VY S5
IS 5 12 cgllan ()bl 11355 oline GMS] S jiiba gy (sl (sl cySiles (.15 plocl (LSD) (sl sine ST J3las 3, Lol
5 il £ 53 3l S 2 g 53 e g i)l 3 drlid 5 S b 3l e 1 ¢y o 5513 bl
o e b ol Jsbre 4 (g o e J oy fosei)ol i) 53 atalionl o5 b 3l ol 3 g 3 o 3 py fosei)ol 2l
Mo905) el Jglxe (19 F6 ((ygies by 5l oty Joges)plaie T b (b slone 5 (gt ya ) o 3l pilee gl i 53 diselanul
Pl S92 )8 HI sl Sogu 3,118 (9 HO (g 2 53 o 5l s

i sla I3, 5 ks a3 3055 iy Pl slae 3l Calleh 2305 i IS 8115, L S 2 a8
L8 Sl ) JedoylS clale snals’ olge plyie 4 Sl g8 e > ST 5 Cusdlyg IS sLie ay i) ol 5 5]
9 O5oxe ke padglie (ieyi da mpd D 4 Cunl (Sae Sy Jidg IS laizee il38l (Smirnoff, 1993 )/l ouds axdlii
2 Judo S Jlade yiis A5 o 5135 5> (Haghighi et al., 2012) sl Siogun ol 31 odlatnl > 4 oS cdadlrs (sla g padss
(Ayas & Gulser, 2005) Cusl o1 oimlieowunl Siogads 31,5 3l oalaol b Loy

oo OBl (SJgle 8 Cliogad 5 (63, es (i) Slivo (g (Stared culpo NV o>

Slas ) y Y ¥ A 5 \4 A 4 \. V) WY W \Ai VO
eyl N 1
Sy gdaw Y 0.57" 1
Sy Kisd 59 Y 026 0497 1
alo s 5 ¥ 056" 079" 067" 1
AMe s 59 h 0537 0667 055" 073" 1
I Sis 59 £ 0,627 076" 073" 087 0.89™ 1
&bl 5 Y 0387 070" 0777 0747 080" 087" 1
To pabolas A 0677 0727 0647 0777 0847 0907 [0.77 1
aly 559 A 0.67 073" 052 072" 080" 1,093 0757 083" 1
cublby padls Ve 032 0537 053" 0687 0677 0757 071" 0547 0717 1
aJds IS NN 002 022 0377 030 034 033 0377 020 024 037 1
b Jubs SN 0457 050  0.627 0677 065" 074" 0637 0627 0657 061" 037 1
JS by ls Y 019 032 0497 040" 046" 048" 049" 033" 038 048" 097" 058" 1
A3e5,5 N 0457  048™1, 0627 069" 063" 071" 0627 057%* 060" 056" 028 078" 045" 1
Owlwgsh ) O -0.3200-021.4 -0.14 -022 -033" 034" -024 -022 -039° -051" -0.18 -0.12 -0.19 -0.17 1

L

{2lsn slopsl B 1559 5 Sy o Ly £lis)) Soledige Slio p Lite b oleleS L5 & 3 ol Llagy ool @l
S8 Jeipl ooyl (cuslby (asls o ag po dild slaay il Jlia 59 il 59) 2 Slae (glinl 53 Slos ¢ (5 50m058 sladlASS,
g 9 G2 g5 sy polol ol g g ge e Gilo Slao py GBI ke I i 53 Sioge dpusl (SB 2,18 5 alpel (slas
p)S bl Jslome il g moMo (S L1 Sl 2 Gilo olS S5algh 00 5 (63 )Slos e Slio (LS e Shagy ol Sl ol
g wolbae (bl bulyd 3 G ole olS (0,SMes g gy Sluogad 290 yolate & dpul Shoger (S ) ol jon 4 diol s
Do oo o S LS bt il 5l LalS

&l



Abedi, A. M., Modarres-Sanavy, S. A. M. and Heidarzadeh, A. (2025). Study of yield and yield components of camelina (Camelina
sativa L.) under water deficit stress with the application of zeolite and wood vinegar. Plant Productions, 48(1),21-38. (In Farsi)
https://doi.org/10.22055/ppd.2024.46482.2155

Abeer, H. M., Abdel-Satar, A. M., & Hasan, H. S. (2020). Ameliorative effect of humic acid and/or proline on some bean plant
varieties under drought stress. Saudi Journal of Biological Sciences, 27(8), 2046—2052.

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, 28(3), 13-25.

Ahmed, A. F., & Fakkar, A. A. (2020). Effect of humic acid and powders of some plants producing allelopathic compounds on soil
properties and productivity of faba bean. Asian Journal of Research and Review in Agriculture, 52, 52—69.

Alshaal, T., & El-Ramady, H. (2017). Foliar application: From plant nutrition to biofortification. Environment, Biodiversity and Soil
Security, 1, 71-83. https://doi.org/10.21608/JENVBS.2017.1089.1006.

Asadi, H., Ghotbi, V., Feyzbakhsh, M. T., & sheikh, F. (2022). Economical comparison of planting of different forage legumes
cultivars (Faba bean, Grass pea, Vetch, Green Pea) in Gholestan province. Iranian Journal Pulses Research, 13(2), 207-220.
https://doi.org/10.22067/ijpr.v13i2.2101-1000.

Ayas, H. & Gulser, F. (2005). The effect of sulfur and humic acid on yield components and macronutrient contents of spinach.
Journal of Biological Sciences, 5(6), 801-804.

Bhadoria, P. B. S., Prakash, R., & Varshney, S. (2020). Response of mungbean (Vigna radiata L. Wilczek) genotypes under water
stress conditions. Legume Research, 43(1), 27-31 .

Chaves, M. M., Maroco, J. P., & Pereira, J. S. (2003). Understanding plant responses to drought—from genes to the whole plant.
Functional Plant Biology, 30(3), 239-264. https://doi.org/10.1071/FP02076

Danaei Rad, E., Zamani, G., & Fallahi, H. (2024). The Effect of Foliar Application of Cycocel on Quantitative Traits Related to the
Yield of Mung Bean (Vigna radiata) Genotypes under Water Deficit Conditions. Iranian Journal Pulses Research, 14(2),221-
233. https://doi.org/10.22067/ijpr.2023.82200.1058.

Doroodian, M., Sharghi, Y., Alipour, A., and Zahedi, H. 2016. Yield and Yield Components of Wheat as Influenced by Sowing Date

and Humic Acid. International Journal of Natural Sciences, 5(1): 8-14.
Ehtesham, H. A., Mahmoud, A. H., & Gharib, H. S. (2018). Humic acid and salicylic acid mitigate the harmful effects of drought
stress in chickpea plants. South African Journal of Botany, 115, 92-98 .

El-Aal, A. (2018). Effect of foliar spray with lithovit and amino. acidson growth, bioconstituents, anatomical and yield features of
soybean plant. Annals of Agricultural Science, Moshtohor, 56(4th ICBAA), 187-202.
https://doi.org/10.21608/ASSIM.2018.65137

Farooq, M., Wahid, A., Kobayashi, N. S. M. A.; Fujita, D. B. S. M. A., & Basra, S. M. A. (2009). Plant drought stress: effects,
mechanisms and management. Sustainable agriculture, 153-188.

Fayaz, E., SOROOSHZADEH, A. and Heidarzadeh, A. (2024a). Effect of foliar application of amino acids on some physiological
processes of oil rapeseed (Brassica Napus L.) under late-season drought stress conditions. Plant Productions, 47(1), 65-83. (In
Farsi) https://doi.org/10.22055/ppd.2024.45873.2138

Fayaz, E., Sorooshzadeh, A. and Heidarzadeh, A. (2025). Response of physiological and biochemical characteristics of oilseed rape
Nima cultivar (Brassica napus 1)) to foliar application of amino acids under drought stress conditions. Environmental Stresses
in Crop Sciences, 18(2), 229-249. (In Farsi) https://doi.org/10.22077/escs.2024.7036.2256

Fayaz, E., Sorooshzadeh, A., & Heidarzadeh, A. (2024b). 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 Farsi) https://doi.org/10.22059/ijfcs.2024.368145.655044.

Ghazi Manas, M., Banj Shafiee, S., Haj Seyed Hadi, M. R. & Darzi, M. T. (2013). Effects of vermicompost and nitrogen on
quantitative and qualitative yeild of chamomile (Matricaria chamomilla L.). Iranian Journal of Medicinal and Aromatic Plants,
2,269-280. (In Farsi)

Hafez, Y. M., Mourad, R. Y., Nasr, E. B, Attia, K. O. T. B., Abdelaal, K. A., Ghazy, A. 1., & Mohammed, A. A. (2020). Biochemical
and molecular characterization of non-host resistance keys in food crops. Saudi Journal of Biological Sciences, 27(4), 1091—
1099. https://doi.org/10.1016/j.5jbs.2019.12.041

Haghighi, M., Kafi, M. & Fang, P. (2012). Photosynthetic activity and N metabolism of lettuce as affected by humic acid.

International Journal of Vegetable Science, 18, 182-189.


https://doi.org/10.22055/ppd.2024.46482.2155
https://search.eitaa.com/?url=https://doi.org/10.21608/JENVBS.2017.1089.1006
https://doi.org/10.21608/assjm.2018.65137
https://doi.org/10.22055/ppd.2024.45873.2138
https://doi.org/10.22077/escs.2024.7036.2256
https://doi.org/10.22059/ijfcs.2024.368145.655044
https://search.eitaa.com/?url=https://doi.org/10.1016/j.sjbs.2019.12.041

Harper, S. M., Kerven, G. L., Edwards, D. G., & Ostatek-Boczynski, Z. (2000). Characterisation of fulvic and humic acids from
leaves of Eucalyptus camaldulensis and from decomposed hay. Soil Biology and Biochemistry, 32(10), 1331-1336.
https://doi.org/10.1016/S0038-0717(00)00021-3

Heidarzadeh, A. and Modarres-Sanavy, S. A. M. (2023). Effect of amino acids combination on the quantitative and qualitative
characteristics of garlic (Allium Sativum L.). Plant Productions, 46(2), 237-249. (In Farsi)
https://doi.org/10.22055/ppd.2023.42775.2071

Heidarzadeh, A., Modares Sanavi, S. A. M. and Mokhtassi-Bidgoli, A. (2021a). Investigate different nutritional regimens on some
forage quantitative and qualitative traits of Dracocephalum kotschyi Boiss under water deficit stress. [ranian Journal of Field
Crop Science, 52(2), 15-27. (In Farsi) https://doi.org/10.22059/ijfcs.2020.292093.654654

Heidarzadeh, A., Modarres-Sanavy , S. A. M., & Ebrahimi-Esborezi, H. (2021b). Effect of priming and foliar application of different
amino acids on yield and yield components of lentil (Lens culinaris Medik.) in late sowing. Iranian Journal of Pulses Research,
12, 88-99. (In Farsi). https://doi.org/10.22067/ijpr.v12i1.83900

Heidarzadeh, A., Modarres-Sanavy, S., A, M, 2021. Effects of Application and Type of Amino Acids on the Activity of Antioxidant
Enzymes, Proline Content and Seed yield of Lentil (Lens culinaris Medik.). Plant products 44, 381-394. (In Farsi)
https://doi.org/10.22055/ppd.2020.31327.1834

Heidarzadeh, A., Modarres-Sanavy, S.A.M. & Mokhtassi-Bidgoli, A. (2022). Changes in Yield and Essential Oil Compositions
of Dracocephalum kotschyi Boiss in Response to Azocompost, Vermicompost, Nitroxin, and Urea Under Water Deficit
Stress. Journal of Soil Science and Plant Nutrition, 22, 896-913. https://doi.org/10.1007/s42729-021-00700-z

Hiscox, J.t., Israelstam, G., (1979). A method for the extraction of chlorophyll from leaf tissue without maceration. Canadian Journal
of Botany 57, 1332-1334

Kalantarahmadi, S., & Dezfouli, A. A. S. (2021). Effects of drought stress and foliar application of ascorbic acid, salicylic acid,
methanol and post-harvest storage on seed yield and seed vigor of Hyola401 rapeseed cultivar. Journal of Crop Ecophysiology,
15(57): 109-130. https://doi.org/10.22059/5¢i.2021.299946.2372

Kaya, M., Atak, M., Khawar, Kh., Ciftei, C.Y. & Ozcan, S. 2014. Effect of pre-sowing seed treatment with zinc and foliar spray of

humic acids on yield of cowpea. International journal of agriculture & biology, 71(6), 875-878.

Keshavarz, H., Modaress, A. M., & zarinkamar, F. (2014). Differences in antioxidant responses of autumn and spring rapeseed
(Brassica napus L.) cultivars affected by salicylic acid under the field condition. Journal of Plant Research (Iranian Journal
of Biology), 27(2), 288-298.

Khalesi, A., Mousavi Mirkalaeia, S. A., Modares Sanavi, S. A. M., Eftekhari, A., & Nashaeai Moghadam, M. (2023). Effect of foliar
application of some amino acids on growth and yield of chickpea (Cicer arientinum L.) under different irrigation
regimes. [ranian Journal of Field Crop Science, 54(1), 27-40. (In'Farsi). https://doi.org/10.22059/1JFCS.2022.339351.654902

Khalesi, A., Mousavi Mirkalaeia, S.A., Modarres Sanavy, S.A.M., Eftekhari, A. and Moghadam, M.N. (2023). Effect of foliar
application of amino acids on grain yield and physiological traits of chickpea under drought stress. Gesunde Pflanzen, 75(5),
1705-1718.(In Farsi) https://doi.org/10.22059/1JFCS.2022.339351.654902

Khalili, M., & Hamze, H. (2019). Effect of super-adsorbent and irrigation levels on quantitative and qualitative characteristics of
sugar beet (Beta vulgaris). Journal of Crop Ecophysiology, 3(51), 395-412.

Khalili, M., Naghavi, M. R., & Talebzade, S. J. (2020). Evaluation of changes in morphological, physiological and biochemical traits
of some canola' cultivars under’ salinity stress. lranian Journal of Field Crop Science,51(2), 15-28. doi:
10.22059/ijfcs.2019.250429.654438.(In Farsi) https://doi.org/ 10.22059/1JFCS.2019.250429.654438

Khan, A., Gurmani; A. R., Khan, M« Z., Hussain, F., Akhtar, M. E., & Khan, S. (2012). Effect of humic acid on growth, yield,
nutrient composition, photosynthetic pigment, and total sugar contents of peas (Pisum sativum L.). Journal of the Chemical
Society of Pakistan, 6, 56-63.

Khan, N., Bano, A., Rahman, M. A., Rathore, R. S., & Khan, A. (2017). Drought-induced changes in growth, yield, biomass, carbon-
isotope discrimination, 6180, and §13C of mungbean at different growth stages. Turkish Journal of Agriculture and Forestry,

41(4), 254-267 .
Khanna, P., Gautam, R. D., & Thakur, M. (2018). Effect of different water regimes on growth and yield of mungbean (Vigna radiata
L.). Environment and Ecology, 36(1A), 222-226.

Krizek, D. T., Kramer, G. F., Upadhyaya, A., & Mirecki, R. M. (1993). UV-B response of cucumber seedlings grown under metal
halide and high-pressure sodium/deluxe lamps. Physiologia Plantarum, 88(2), 350-358.

Kumar, M., Sirhindi, G., Bhardwaj, R., Kumar, S., Jain, G., & Sharma, D. K. (2018). Amino acids: Metabolism, functions, and
signalling in plants. Journal of Plant Biology, 41(1), 1-11. https://doi.org/10.1007/s12374-017-0335-6

Kumari, S., Kumar, V., Kothari, R., & Kumar, P. (2022). Effect of supplementing biochar obtained from different wastes on
biochemical and yield response of French bean (Phaseolus vulgaris L.): An experimental study. Biocatalysis and Agricultural
Biotechnology, 43, 102432. https://doi.org/10.1016/j.bcab.2022.102432



https://doi.org/10.1016/S0038-0717(00)00021-3
https://doi.org/10.22055/ppd.2023.42775.2071
https://doi.org/10.22059/ijfcs.2020.292093.654654
https://doi.org/10.22067/ijpr.v12i1.83900
https://doi.org/10.22055/ppd.2020.31327.1834
https://doi.org/10.1007/s42729-021-00700-z
https://doi.org/10.22059/jci.2021.299946.2372
https://doi.org/10.22059/ijfcs.2022.339351.654902
https://doi.org/10.22059/ijfcs.2022.339351.654902
https://doi.org/10.22059/ijfcs.2019.250429.654438
https://search.eitaa.com/?url=https://doi.org/10.1007/s12374-017-0335-6
https://search.eitaa.com/?url=https://doi.org/10.1016/j.bcab.2022.102432

Lian, X., Zhang, Y., Li, Y., Wang, Z., & Chen, J. (2023). Alleviation of adverse effects of drought stress on growth and nitrogen
metabolism in mungbean (Vigna radiata L.). Plants, 12(17), 3082.

Lichtenthaler, H. K., & Wellburn, A. R. (1983). Chlorophylls and carotenoids: Pigments of photosynthetic membranes. Methods in
Enzymology, 148, 350-382.

Mahajan, G., Das, B., Sardana, V., Chauhan, B. S., & Gill, M. S. (2023).

Medrano, H., Escalona, J. M., Bota, J., Gulias, J., & Flexas, J. (2002). Regulation of photosynthesis of C3 plants in response to

progressive drought: stomatal conductance as a reference parameter. Annals of botany, 89(7), 895-905.

Mikkelsen, R. L. (2005). Humic materials for agriculture. Better crops, 89(3), 6-10.

Momeni-Shijani, K., Modarres-Sanavy, S. A. M., Heidarzadeh, A. and Abedi, A. M. (2024). Study of photosynthetic pigments, seed
yield and oil compositions of camelina (Camelina sativa L.) under the influence of urea foliar application and irrigation regimes
in Tehran. Plant Productions, 47(3), 387-403. (In Farsi) https://doi.org/10.22055/ppd.2024.46765.2161

Moradi-Ghahderijani, M., Modarres-Sanavy, S. A. M., Mokhtassi-Bidgoli, A. and Heidarzadeh, A! (2024)./ Evaluation of
physiological characteristics and forage quality of Persian clover (Trifolium resupinatum L.) under the different irrigation
levels. Environmental Stresses in Crop Sciences, 17(2), 271-286. (In Farsi) https://doi.org/10.22077/escs.2023.5740.2171

Mungbean growth and yield response in relation to water stress and elevated temperature conditions. Agronomy, 13(10), 2546.

Munir, M. A., Hussain, M., Farooq, M., & Jabran, K. (2021). Drought stress in plants: An overview. Plant stress physiology, 81-97.

Naghavi, Z., Modarres-Sanavy, S. A. M., Heidarzadeh, A. and abedi, A. M. (2024). Effect of Different Irrigation Regimes and Foliar
Application of Iron Chelate on Physiological Traits and Chlorophyll Fluorescence Parameters in European Borage (Borago
officinalis L.). Research in Horticultural Sciences, 3(1), 147-168. (In'Farsi) https://doi.org/10.22092/rhsj.2025.367202.1106

Neisi, H., Rafieiolhossaini, M., Tadayon, M. R., Ahmadpour, S. R., & Karimi, A.(2023). Evaluation of humic acid and fulvic acid
with different sources of nitrogen fertilizer effects on agronomic characteristics of Anbarboo rice (Oryza sativa L.) under direct
cultivation systems. Journal of Crops Improvement, 25(4), 987-1000. https://doi.org/ 10.22059/j¢i.2023.352306.2769

Panda, D., Basak, J., Rahman, L., & Panigrahy, M.(2013). Effect of drought stress on morphological and yield parameters of green

gram (Vigna radiata (L.) Wilczek). Journal of Crop Science and Biotechnology, 16(2), 99-103.
Paul, P. J., & Panwar, A. S. (2016). Amino acids and their derivatives: A tool for plant adaptation to environmental constraints. /n

Plant-Environment Interaction (pp. 141-160). Springer.

Raeisi, M., Shahbazi, E., Shafeinia, A. (2020). Assessment of yield and yield components of doubled-haploid lines of rapeseed under
drought stress, Environmental Stresses in Crop Sciences, 13(4), 1077-1092. (In Farsi).
https://doi.org/10.22077/escs.2020.2301.1592

Rouphael, Y., & Colla, G. (2018). Synergistic biostimulatory action: Designing the next generation of plant biostimulants for
sustainable agriculture. Frontiers in plant science, 9, 1655. https://doi.org/10.3389/fpls.2018.01655

Sadak, M.S., Bakry, B.A., Abdel-Razik, T.M. and Hanafy, R.S. (2023). Amino acids foliar application for maximizing growth,
productivity and quality of peanut. grown under sandy soil. Brazilian Journal of Biology, 83, p.e256338.
https://doi.org/10.1590/1519-6984.256338

Salehi, M., Faramarzi, A., Farboodi, M., Mohebalipour, N., & Ajalli, J. (2021). Symbiosis effects of mycorrhizal and Pseudomonas
on morphophysiological traits of mung bean (Vigna radiata (L.) Wilczek) under moisture-stressed conditions. Iranian Journal
of Pulses Research, 12(1), 111-126. (In Farsi). https://doi.org/10.22067/ijpr.v12i1.84409

Sehrawat, N., Jaiwal, P. K., Yaday, M., Bhat, K. V., & Sairam, R. K. (2013). Salinity stress restraining mungbean (Vigna radiata
(L.) Wilczek) production: gateway for genetic improvement. International Journal of Agriculture and Crop Sciences, 6(9),
505.

Smirnoff. N. (1993). The role active oxygen in the response of plants to water deficit and desiccation. New Phytologist, 125, 27-28.

Tantasawat, P., Trongchuen, J., Prajongjai, T., Thongpae, T., Petkhum, C., Seehalak, W., & Machikowa, T. (2010). Variety
identification and genetic relationships of mungbean and blackgram in Thailand based on morphological characters and ISSR
analysis. African Journal of Biotechnology, 9(27), 4452-4464.

Wang, D., Deng, X., Wang, B., Zhang, N., Zhu, C., Jiao, Z., Li, R., & Shen, Q. (2019). Effects of foliar application of amino acid
liquid fertilizers, with or without Bacillus amyloliquefaciens SQR9, on cowpea yield and leaf microbiota. PLoS ONE, 14(9),
€0222048. https://doi.org/10.1371/journal.pone.0222048.



https://doi.org/10.22055/ppd.2024.46765.2161
https://doi.org/10.22077/escs.2023.5740.2171
https://doi.org/10.22092/rhsj.2025.367202.1106
https://doi.org/10.22077/escs.2020.2301.1592
https://doi.org/10.3389/fpls.2018.01655
https://doi.org/10.1590/1519-6984.256338
https://search.eitaa.com/?url=https://doi.org/10.22067/ijpr.v12i1.84409
https://search.eitaa.com/?url=https://doi.org/10.1371/journal.pone.0222048

