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Water deficiency is an effective method to optimize water consumption, particularly
in arid and semi-arid regions, making it a highly desirable approach for reducing
water use. Additionally, growth regulators can serve as a supplementary strategy
for plants under water deficiency conditions. This research evaluated the effects of
yeast extract and 24-epibrasinolide under various irrigation conditions. It was
conducted as a factorial split-plot experiment based on a randomized complete
block design with three replications. The treatments included different irrigation
intervals (8, 12, and 16 days), spraying of yeast extract (0 and 12 g/L), and 24-
epibrassinolide (0, 5, and 10 pM). During the 12 and 16-day irrigation periods, seed
yield decreased by 21.80% and 25.61%, respectively, compared to the 8-day
irrigation period. However, foliar spraying with 10 uM 24-epibrassinolide and yeast
extract increased seed yield by 10.14% and 20.28%, respectively. Additionally,
total chlorophyll content decreased by 15.71% and 47.54% during the 12 and 16-
day irrigation periods compared to the 8 days. The application of 10 uM 24-
epibrassinolide along with yeast extract increased chlorophyll content by 57.69%.
In the 16-day irrigation cycle, the activity of ascorbate peroxidase and catalase
enzymes increased by 314.63% and 194.73%, respectively, using 10 puM
brassinolide and yeast extract. Additionally, the levels of proline, flavonoid, and
malondialdehyde increased by 52.85%, 109.89%, and 96.33%, respectively, in the
16-day irrigation cycle compared to the 8-day irrigation period. This research
demonstrated that applying 12 g per liter of yeast extract combined with 10 uM
brassinolide effectively increases seed yield and mitigates the impact of low
irrigation in cowpeas.
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Table 1. Properties of the experimental soil and water.

H cfl:celfltcr;icvailty Organic Total nitrogen Phosphorus (P) Potassium (K)
Soil texture P (EC) (ds/m) carbon(%) ™) (%) (mg/kg) (mg/kg)
Silty Loam i pgl 7.36 1.5 0.40 0.1 10.00 280

Table 2. Properties of the experimental water.

Electronic conductivity  pH HCOs~ Cr SO4* Ca* Mg?*  Na*
(EC)(ds/m) (Meq/L) (Meq/L) (Meq/L) (Meq/L) (Meq/L) (Meq/L)
1.5 7.4 3.8 10.2 12.2 18.4 11.6 11.0
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Table 3. Variance analysis of studied traits in cowpea under the different levels of irrigation, 24-epibrassinoslid and yeast extract.

S.0.v

df

Chl a

Chl b

Chl total

Proline Flavonoid = Malondialdehyde SOD APX CAT The The 100 Seed yield
number number seed
of seed of pod weight
per pod  per plant
Replication 2 2.66 0.11 1.68 0.09 5.05 0.36 0.000003 0.00003 0.000007 2.81 1.45 7.14 7562.21
Irrigation stress (A) 2 110.22%*  36.56*%*  272.06%* 17.04** 982.72%* 131.89%* 0.001** 0.005%* 0.0007** 2.64 8.68** 1.98 561734.52%*
brassinosteroid (B) 2 59.55%% 15.33%* 134.03** 17.86** 117.05%* 27.03%** 0.0007** 0.008** 0.0007** 0.33 0.15 3.10 48694.10*
yeast extract (C) 1 22.68%* 12.62%* 69.15%* 4.32%* 174.24%* 27.40%* 0.0005** 0.002** 0.0009** 2.19 0.08 0.36 530411.34%*
A*B 4 0.44 0.12 0.62 0.95%* 5.44%%* 1.87%%* 0.00002** 0.002%* 0.00001 ** 0.19 10.49** 1.18 12153.81
A*C 2 2.07* 1.81%* 6.63%* 0.22 14.68** 2.00** 0.00001* 0.0004** 0.00002** 0.04 0.73 0.82 4950.55
B*C 2 7.18%* 1.14%* 13.43%* 0.25 4.24* 0.24 0.00002** 0.004** 0.00008** 0.13 0.48 0.80 18750.11
A*B*C 4 0.07 0.23 0.32 0.05 1.85 0.65 0.000009 0.002** 0.000007* 1.11 4.15%* 1.92 9912.52
error 34 0.54 0.21 0.80 0.11 0.95 0.37 0.000003 0.000006 0.000002 1.27 0.35 1.71 14568.17
C.V (%) - 7.13 9.53 5.88 9.13 4.85 7.74 423 3.26 4.42 13.28 7.16 10.11 11.21

* and ** indicate significance at the level of five and one percent, respectively.



’f’f“jjl‘:‘)w‘m&.ﬁjal&g sjjd;d/lg/‘fcbjd[béf/o}kéi&a A

a Yeast extract (g/L)
m0 012
8
7
e
6
o Cc
z T
= 5 l?
Lo
en
g ¢ .
= 3 €
=
© 2
1
0
8 12 16
Irrigation condition (day)
b Yeast extract (g/L)
m0 O12
8
7 a
b
6 - bo| T
3 T
E 5 cd ¢ L
&0 L
[=V]
g !
= 3
=
O 2
1
0
0 5 10

Brassinolid (unM)

o Jlize 31 (5S0lio dunlio (@) e L Sy 13D Jdg)lS lgizme  yadte olac 518 5 (6)lol Cilisee gglaw blite Sl Sk duglie .Y S5
(b) btz Lagd S 3 b b IS slgies 1 pese ojliac 5 Wgisuslpy oYY

Ciliseo g gl sl 9> (ISToh g2 g ye5e0 0 )l g ddgiunsl VY o)l Oogliste Lyl 556 s S g IS (slsioe
oalil (Y Jgi2) €85 1,8 sioyd Sy Jlainl s )3 a5 0)las g lgtiuslyy gVE (S s 5 jesio o)l 5 (6l
Cxod YA ¥ g VIAY OVVF iol5dl Cage el ia o) V& 9 VY i ()bl zolaw )3 yodee oylas il )3 p,5 VY ]
A 3 SO ap)l8 S ol Lt Ghmgly ol gl (Ve JSK8) 605 o)l alite Ll y o3le pl )18 pas 4y
JS5) 605 S8 b I8 glgime alidl el Jl dine psboss s ginasl o oYY Y 509,800 Vo g gy olyed 4y oo 0 las
(¥b

(S 3hnagid S 55 5 Sy Jido)lS (Slgioes (halS (g itungth SloaliS) 58 cange ()l 5l i i
Jd9)lS 55 4 oxie g Jise |y Jdg)lS jiwgn ((Sid A5l ol gilannST GBS 98 0 Jriwgid SialS Cole 2
Ol b S o SaS GlalS 3 glins] (15 (il 4 g At SluST B (ol sl g gl 9 0
(Zahedipour-Sheshglani & Asghari, 2020) Muo Josds (6,5 5l> Judg,lS" (slgizme o 55 5l golinsT i



9 ool Byl crd dyicr Lus) 9,5lac 5 K islgs s ldeo y ddsiceyi gt TF 35 poio ojlac Gl ooy o

031> s J89)1S Jiuwgmr d9ae 33 gl VY g yadee ojlas oUlg5 & Ldg)lS (glgiome il38l (imgy cnl 5

3 B M gm0 4 Gl (Sen Jido)lS (Slgime p Mgl gHVE 5 jese ojlac Cute 13U (opl 2 ogdle g e
[(Pérez-Montafio et al., 2014) &S o oS olS A5 g Ay 4 &S daud 031 Cannd Sl Jgiisliu! wilo b yg0 9
O3l (Zhao et al., 2022) xS o Yo |y Jb (anST Jld (ladisS S5 g 29m0 1) Jadg IS i a0T )5 A il
Jodee s)las )3 (e i dan & Yol adllas il 55 sases o )las I sl 5l ey sidosalie (giiwgs sdliSs,

Chl total (mg/g FW)

25

20

15

10

Chl total (mg/g FW)

(Fawzy et al., 2012) >3|! ).:>b Gy Sy oy Sl o &S D9 0 03 Cuns

Yeast extract (g/L)

25 =) 012
a
20 T
=
15 %
f 1
10
5
0
8 12 16
Irrigation condition (day)
b Yeast extract (g/L)
=0 012
a
2
i o [
1
e ¢
1
5 10
Brassinolid (uM)

e 31 pSile auglio (@) (baaia Log) S 53 JS Judg IS (slgime e o)las 5 6)lol cilises zgbaw Jlite 31 Sile dualio T S
(D) btz Lagh (SlaS s y3 IS S0l slgime 1 yosie o)las g Mgiansl o SHVE

ey Sl Y-V

9 ).oobo A)La.c ;J«lefLs.J‘—Y\c cd)lui ol C}]a.w ),ugLa SO U“‘b)" d‘y&u a5 by uL.M) L)’“’L)Iﬁ 4;)70 J9A> CJLJ
£35S WY 3,8 (1 Jgan) €85 )8 aops Sy Jleisl o 53 gl oFYF 5 bl calises polaw ailagy S omy
obod 50 Mginnlp oYY 5,8 (Y JSKE) wd sald & Cuns g (5000 VEIVY iulj8l & e peseo oylas yi) )
O oy 9 0l5 GLLS )3 g lise (rpieS A8 (LS Sy > s n e Piine Ll cage )l olaw



FeF (gl las youinis 3 0lieiy 6339 13t o1y 0T p3le Almo )

JS5) Wiagy 0ad sla 395V ikl 593 > (Yge5,5ee V0) gl CBIE (VL &S 35 SLS 4 byyye Cdo
d9550 LS 1> Bdan (i Gl cage odan ohigh dpslislasel I 8 plle (2als Joay a5t o)lae (¥D
(Keramati ez al., 2021) wlos ,S" 5,155 Ll

st (Fusly gy st GRal38l S o iyl S Ll o BLS (geusl JLib el 5 page (285 O3]
350 Cygo okS oy piaww e i LS cwl Sis g JleS i bl a4 oS
2ol o e y5unST sladigs s b lalS Joos dgu0 0 3151 g iljél (Farhangi-Abriz & Torabian, 2017)
(Wu etal., 2019) Cowl 0045 M9Ju|)i » U‘Jﬁ)" d‘y&u u,u.’x.b: 9 )YL’L{ e)l;wbm‘);w

Coghl lpS baalpd Jooo sl |y (alS b )b (6550 o g slgime Gil3El By 5l Mgl 2 b plalS los
Gl i)l Il SO lgie s gl p oUlg daaisl ) A8 o cblis golanST iS5 O yse il gl Jlie (o 1) byl g
.(Mohammadi et al., 2019) 1S’ o i 1, Suis 55 b agalge o blS oo coods

a Irrigation condition (day)
m8 012 =16
7
; I
5 b
3 I ¢
L:n 4 e g de
%” 3 f I f
£ 2
T 2
~
1
0
0 5 10
Brassinolid (uM)
45 2
- 4 b
E 3.5 I
o0 3
W 2.5
£
5
§ 1.5
A 1
0.5
0
0

Yeast extract (g/L)

5 el iz o lite Sl (S0l duslio (8) bz Lug SlocSy 13 35290 (g slsime 1 yasi o)l 536 (oo duglio € JSCud
((0) itz Lug) slaS s 13 35250 gy Slsime 2 dgiaasl VT



/) Skl Byl crd Adiicr Lys) 9, 5ac 5 K jglyy o lieoyy iyt - TF 5 oo ojlac 5l () 0

Mgl slgio ¥~
C}b.w Ml>9.) L)“‘Sf"'b)’ s)o.’xa O)LQ.C cJ».]w])Ju.:I—Y\C ‘LS)L-’] alisco kg“)w)ub Cod Lu9] LSLQJ)J D d9>90 J«jy9MS
Sy 25290 3559 i 2 do)d iy Jltsl s )3 pese ojliac g Wil o VY dilagd LS pinen
5 FYIVE Gl oo o 5o Sdgianlp g V¥ 008 pas jloss 13 5oy V5 9 WY (o)l 59 Jlael (7 Jgaz) 392 )38 ,8T
o3lo (pl 3,5, pie &y Cond A593aM3 g0y YAIAY o YF/VY )b o ol 38] Cnge 5 i Sy Aidgs 03,5y ) g, VF
(b JS3) 33 T 5] o o
M me Linl 38l Coge ddgilp oYY g jeste ojlac I lojen solaiwl (Ob JSS) wi LS)L.‘.-BT 99 (o)D) poSve 0)las
olyod 4y 1) oo o5l il 13 )5V &S 39 SLS 4 bgyye ol (e oy A8 LS ) G 23538 (e
(e JS5) w532 03,5 €8l > Aty GHVF Voo oS0 ¢

IS 5 i sl ot Logd ol o8 03 ) Sy ol (5 155598 e 8 il gy
ool Carge (6 imgd e S )y Cudgisme sl o yloleS (i Lol pd 5> anl dtanly aadgioMs 5l (¢ b ol a0 4
o 3> 30 gl gl 4 e baad gl 55,8 48" wizdl j0 lRisee L3 oo WASeiaME yiul 38l wile  Sdgilio il o
coles g el wuis clay; (oile b b Y] gl p 568 0 basggM des 5l a5l clacupbio fuwgw
Olise g o LASeigMd dles | 49l clacuglie JSWT Coge g ,\...S@ sillely 1y e (¢ iwsn (5l yuue
5 LbasggMs wile gt i b sauSablie (slalamS] ol culd Klg o Wgwly jl edlitwl &5 13,8 5,155
(Rezaei et al., 2018) am> iul331 1) o yiloa ]

sl Sy wlbcoy) Glogad wd) 10 459 BB dee 4 e yoswe oylas i glackale l oolas!
My o1y wee BB (]38l Geste ojlas 5,8 .Cunl o0 (Lupinus termis L.) cpol olS 1> 1d 3 Slos 5 (S5e)as ud
sl &S aimd o L aadl cpl ol oald lis ild 3 Slos 5 IS piig ¢ Jolore A8 (g jtiwsd sladiliSS) Algr olS
ol o355 Yol 5] S 3 18 I ) S 131y 598 55 & Ja 5 e ooty Mg o yasen ol §
Iy 33900 sis0 )90 AJg5 yases o las .(Taha et al., 2021) a2 &l cuwliol glalosre ) Lmo—l 8190582 5 5 puSlas]
e BRI 5 baigdh (5 ol wl aplb sbdple g & e 5 Ko S
150 a8 amy o lis Olalllas Lol sl (awyp b )3 o 0y ol (sl 585 (slopemnsSo (El-Beltagi et al., 2022)
WS S8 S 4 o3 SRl @ ey JB psba 5 cul (aagin LS Jood g A3y Mgl
(Zhao et al., 2017)

Slosly jlis i byl yds cow (So5gerjud (slaanlyd g olS widy mabais (0 1y dginlp 3,8 isu 1 LS lallas
dende 9 oS Joou iuli8l (gly wiadds)l Il G lgie s |y adgiwl Sl b 55158 ol .(Mohammadi er al., 2019)



FeF (gl las youinis 3 0lieiy 6330 13t o1y 0T o3l Amo

Y

a Irrigation condition (day)

c
I

m8 012 =16

d

I

40
35
£ 30
=25
2 20
= 15
(=}
g 10
>
3
=
35
£ 30
=25
&
E 20
g 15
=
S 10
=
=
0
30
25
=
= 20
o0
&
E 15
=
g 10
(=]
2
= 5
0

f ¢ o
| i I
0 5 10

Brassinolid (uM)

b Yeast extract (g/L)
=m0 012
a
T
b
¢ =
e
f =2
8 12 16
Irrigation condition (day)
c Yeast extract (g/L)
m0 012
a
b
c T b | ]
- d
R T 1
T |1
0 5 10
Brassinolid (uM)

A rSls dunlie a) bty g slacS 2 13 35290 155355 (lsime 2 Mginslyy GHVF 5 (bl ciliseo oo Blite 31 oo duglio 0 JSS
oylas 5 il o YF hlite 51 0 Siko aunlio 5 (b) (ot g sS 2 53 35250 15535M8 (slyime 1 jaske o)las g (gll il oo lize

(0] Lhbpuiz Logd (sloS s )3 35250 15959M8 (clgie ) yoseo



I ool Byl crd dyicr Lus) 9,5lac 5 K islps 58 ldio y ddsiceyi gt TF 3 poio ojlac Gl ooy o

wWNT g0y elbo sl gixo F—Y

Ciliseo zolaw aslegd (S oty gesio ojlas adginln g VF ilal Sslite cloygd b cov agillgapglle (lgims
¥ Jgi2) 2.5 )8 a0 n Sy Jloin] s 5y oyl g 6)lul Sglite zolaws (iiSam s 5 sl GHYF 5 (6l
Loy Sy p d9390 15l o9l (glgima iulisl comge (o) dne O ygots (6yleS Jlos! a5 ols LS imgh ol @l
sl Gl g (jamST BT sla B0l plise > 38 L o i oS widhs Lt i (Fa JS5) 0
S5l duslie (Hojati ef al., 2011) 33,5 o 35401 e3y9llo (clgimo 1> yiul38l Cogo a3 g odd  Jobu clié claan
099 Ol Lol ol (Ll e Lagd (sSy 5 3g2 90 sl so0iglle s 1 jese ojlas g (ilel lite oo
G 5 39y V8 g WY eutin gkl (sly0 53 jee ojlas i 3 £ )5 WY 2l il sslliengle ol (ol
(b JSs) wi (oylol 5l o e p3 03lo opl 3,0)8 pae A G (suoyd VEIAY 5 VYYD M/TY ialS Cogo

a Irrigation condition (day)
14 mg8 012 m16
]
Z 1
e 10
E ¢ [
< 3 + d
D
s e ¥
= f
T 6 ef T
=
2 4
=]
=
= 2
0
0 5 10
Brassinolid (uM)
b Yextract (g/L)
14 m0 O12
% 12
S 10 T
z
5 s b
= d
5 d T
E o :
< L
= 4
2
0
8 12 16

Irrigation condition (day)

(D) btz Lug) (saS 1 3 392.90 adlisapiglle Slsie g1 etk ojlas g s)ll i gokaw Blize



VFeF oS3l 6ylais i 5 sl 6,90 3l 5y LS pale dlo ¥

oil3 59y i ()lal 4 G 48 g Mo ()l Ll cou L wid Lug) (lalS ) aidlieagglle (s
).ub oS 59 03> s SIS Lty )3 olS (laJobe bawg odia o0 gslaS] 55 4 cul (See Lol opl Lcdl
313 55 55110 ol S (lsies ey (Slioen glosad Sl ol Ll 6 yivdeis 5 ol sloelis
ol pgamd e i |y beads gl p oleS 55 oy ),.:L &l -yl (Gupta et al., 2020) &S o Jos LS
=309l (sl ¢yass ojlas jl oslaiwl (s ol b .S o ..\.Sb Jokw 2)Sles g Coodlw bats (gly auilacnst i yialS
b 5l lalS oot 290y yeste o)las cute @l Bl oaias lis a5 sy il oyloleS bl cou lalS j 1) asull
oil38) b ad gl oYY 0,08 JWs 4 sid aawlinnSTy ials (Kaya ef al., 2019) cul golawsT i yialS
(Kaya et al., 2019) 53,5 o sLié (613485 dgup 4y yomio a5 Canl b po Sl 5T olae 3l cdlad
U gmmn S pg m BT Cudlad H—F
C?‘L““ Ml>9.> L)"“‘S‘"&’)J c)w o)La.C ‘AJWI);U;,]—Y\‘ sd)Lj i C9.sz ).ub Cod )bwbwlfw p.:)j u».nz.%
us)f )l)ﬁ Joyd «.i: Jl.mﬁ-l @4») o )w O)La.c— 9 Mwlfdl—ﬁ‘\‘ Ml>9.) M)" ‘..\.Jﬁu.w‘).:u.’FY\c 9 d)L.j alise
d1 3 gize oyl p duoyd gy Jlein! pdaw 4D 35 pedie o)las g ()bl caliste golaw aslegd LS wa g Yl e
(¥ Jos2)

JS8) €l s inn Gl L) SlacS > o s 48 > TS Jlael b igmrssnl g o] s
tYF Y 909)See Vo g iy (b slre 05 ikl 193 e )3 (90390 il D8 pas & G SBgeund S yyges a3l
e 3 (9050 0l 318 pas & S 103 YA 9 WV iy 1) Tl o sl 9,07 o)lal )93 )3 Mgl
(Va JSis) sy iolsdl o,lol ye
355 it 31 (s el (Vb JS.2) 33 (6l Buls o 5 o o)l 3y p5 4 o gl
258 by o ol¥lon 31 btz Lo oSy 55 Bgemstens]ygm o1 Cullsd ) josie o)lac g W gl p HYVE
Ol ol alox 5l ol o8 g ou 3l (IanSI BT EBS et g sk 3l gl 45 AL > liime (Ve JSL3)
4 ollS Joow Gl case S )3 laslucl)sul 5 YUK Gbgemssislugn e sl suSuly oy
b)La_c aﬁ)K l.: |) )Lw.}.,\MSI).’w WJ);] u..]lxs UM)‘).S‘ % wnm );L.u (Farlduddln et al., 2011) dgus o0 LS)L\-’Tpf
Wl oo & Cunl oS e 5 Hloyply sl JeSge (gols jaste oylac (Keramati ef al., 2021) wlod,S™ j5)li5 jazes
3 o) aler 5l Glans il gl ) S lopj ol Wigiee SluSy ol S Jlb 1) oS elb> clagely
.(Abdelaal etal., 2017) S ;i.,)?u ‘) )waw‘f’w
op cdld ioli3l (Talaat er al., 2015) 395 o0 03> s SlauanST 51 oloes 351 0aSadgs (ola oy dos 5 53 Wginml
ol LS (sla oo cilin 5 b 5] sladisS (6l 5 o] il (5 4 a1 (slages
%y Ghasemi ef al., 2022) (Zea mays) &> jlass a5 Wlosly lis Slalllas w3yl 6,L] DS 55 b gl
4 o Mgl y b (Nie et al., 2019) (Solanum lycopersicum) (5534555 5 (Guedes et al., 2021) (Oriza sativa)
W55 oo gt b aLS slog Cusl 0ud (63leleS sl o alS Jood gy 5 ST 8T slows 3T codled 33l
dpbe e okiy wé ol cov il g el lagheslal cdld s g 8wl
.(Khan et al., 2021)



14 bl Byl crd Adiicr Lys) 9, 5ac 5 K gl o lieo s iyt - TF 5 oo o jlac 50l () p0

ol sl ok S5 pd S cloiSyy 3 SYBIS o Sy cloms 3l cadled dngs B Ltlsél el yosio ojluas 3,8
simdie bt |y GlalS > (5 4 gusly slap sl b lasye sl sl colld (I3l )0 et o)las pre i el
(Yousef & Ali, 2019)
ST 90l 98T o 3T Cadled F— ¥
5 alrgd S iSiemy (olod g yese ojlas sl VY ilel Cglite sl S1 &S O Lt Sagh ol @l
o s ya 3 (Y Jgdn) 1090 I me 5l b yeSil il cullad p do s S bt o 55 Lyl oy dsils s
S5 I sine MBI ol 2,08 pas g w3l Cllad (f5e g2 Mgiausl G YF g ja5e 0)las (lojam 3,118 oy sl
s ojlas .5 WY g adgtinlp gFVE Vg09,Seo Ve o 13 55y VF (il )93 3 el b e iy il
2 @3S i Ty SlygSsl o3l (A JS5) dpesy o @ sl BlalS ) 5 ol e %S g 4 oamlie
ol Bl osBag5 59y denSTy (liee (5 G GRIBIL S Glgiee calpls @)l (19 e dSTy Jlb w5 Sl
b sl Sypd oemS] Jlb 655l i ol car lenSTuclyeSl mipl el ol Jlise 5wl
[(Fariduddin et al., 2011)
G 3 5T culla Y—F
SV ] Slite oo ol Sl 6 cos VLIS o3l culled a5 smd e ot besls Luilly 4528 Jads gl
olac 5 ()bl Sglite ok sl gHYF 5 (ilel glite oo dilrgd (sloiS eny (e ojlac sl
2 58 Byles ailadw (Seap (e g g doyd S Jlais] gdaw 3 oo 0jlas g Agilp GFTY e
ol ol B T cdlad sl il L3 (7 g2 392 IS 586 b oyl 2 20> iy ool e
293 3 9 35l VF Y509)Se0 Ve g saske o)las £)5 Y plojon lagi 53 YUK 3l culled e 2 yides o 09y
Sdgianl g YF g yede ojlas 3,018 pae g 59y cutin (ylol 593 )3 @l Cllabd ie (o 5eS 5 paalie g, VF (o)L
JSi5) 5 SYBIS 3T cdled al38l cengo ool csliygd plos )3 lyial o o VF 5 yasko ojluas | o3lisel 05 otnlie
@

Ol cargo gty g yases ojlas 38" JLid 4 ien 9 148 (laleS bulpd o YUK o5l culled 21381
Lagd 3 VB T called al33l 51 2 ()leleS 85 55 I3 Sl a0 oo o)luleS G5 Ll )5 olS Cunglie
ST 5 sl 3l e 51380 b A gl g pedes o)lac 3, (Keramati ef al., 2021) cuwl o 5,135 Ldspis
95 ol 2l cplpl 29 e Wt gnlinnSTyy (5l 4 oxie a8l olyen (3enST ST sla SIS, olse SRRl
(Keramati ez al., 2021) x> oo (i3 (6 lolnS (35 plp j3 1) ol Conglie 0lS e8> wimmmw 3,5 Jled b odlo



VFeF oS3l 6ylais i 5 sl 6,90 3l 5y LS pale dlo \$

m8012m16
0.07 a
0.06
0.05 de L cd de
0.04
0.03
0.02
0.01

SOD (U/mg pro min)
-

0 5 10
Brassinolid (uM)

b Yeast extract (g/L)
m0OI12
0.07

0.06 b
0.05 c
0.04 d
0.03
0.02
0.01

HHe

H o

[e)
HS

SOD (U/mg pro min)

8 12 16

Irrigation condition (day)

c Yeast extract (g/L)
m0 012

0.07

0.06

H-o
l_‘l

0.05 od

0.04 I
0.03

0.02

SOD (U/mg pro min)

0.01

0 5 10
Brassinolid (uM)

Flite 31 pSile auglio (a) beaia bog) Sy 55 Jbgannd duSTpow w5l Cullad 1 aginl p GFYF 5 ()l Cilise ol (ke duslie Y JSWS
o)las o Mgl oFVF hlite 31 5:Ske duglio 5 (b) Llbieda Lag) oS 13 Bgonad nSiguw w3l Cllsd 1 jodi ojlas 5 ()l Calisee ol
(0) btz Logd s1aS 2 )3 bg0ud daST g o 3l Clled  posee



v bl Byl crd Adiicr Lys) 9, 5ac 5 K gl o lieo s iyt - TF 5 oo o jlac 50l () p0

Yeast extract (g/L)
0.20 m) 012
- 0.18 _;_
£ 016
(=
g 0.14 b
=1]
g 0.12 B3 ¢
2 010 d = d
e f £ e e e e
A~ 0.08
< . ; 8h gh hi
0.06 |, j
0.04
0.02 I
0.00
0 5 10 0 5 10 0 5 10
] 12 16

Irrigation condition (day), Brassinolid (uM)

b Loy Sy o lasTy, QL”S.JI o aﬁgusﬁpmo)wﬁgwlx@»—vf;d,wmcp & a1 ke dulio A JSS

Yeast extract (g/L)
m() 012
0.07
0.06 a
_ E=
E 0.05
- bc _tI’_ ¢ bc bc
5 0.04 - d d =
€ fi ef
2 0.03 . ghgh i & i :
5 1 K ik
~ 0.02
>
&) 0.01
0
0 5 10 0 5 10 0 5 10
8 12 16

Irrigation condition (day), Brassinolid (uM)

kbt g oS )3 YL 051 clleb  pose ojlias 5 ddginalp oFVY ¢ o)lal Cilises polaw asls dw I ke dulio A JSUS

18 8 Shos g 8 Shos (51321 A—Y
BME > Al Dlawd g g > BME Sl ild o yjs Jolis 5, (glinl po jo aS 0 L ibyls 4 Jgds oy
DiSayy g Mgisly 3p)8 5 o)l laalpd aslegy (Semy (olel bulpd b cov Gg 3 B DS o ks
(¥ Joi2) 8,5 )8 amys Sy Jlozol s > ln Jole 45l

2 Dy, GME Sl S A ;0 BME dluwi Jbo dxe ol cage (6yloleS a5 B i pSke Slaglie w)yy
ool 593 Jlasl a8’ b yd 9395 d5gs y3 3ae UYAY (agiuwl g poko o,liac cdl,d pac g g,y Cutin (65lo] 19) dalis o lalS
3)8 pae g 308 gy i (ylal Hgd pd b Cldio ol (chuoyd YYIYY o VEIFY LialS Cage cud i jg, VS g VY
29 )3 b o cpl Bl e ge gl Ygag)Sie Ve g g 38 (Jg ol (LS SRS b (BT yede o)las



VFeF oS3l 6ylais i 5 sl 6,90 3l 5y LS pale dlo A

Yeast extract

m) 012
12

ab ab ab
10 A ab
—I— de ef
def _def

efgh T defgh
8 hf¥. g . B gh T

Number of pod per plant

12 16

0 5 10 ‘ 0 5 10 ‘ 0 5 10

Irrigation condition (day), Brassinolid (uM)

cllmaia L) g1 y3 BME Sl pess 0jlias 5 Mgl p VY ()l Cilisie olaw sl I S0ke duslia Y & JSW

Mol p g YE § 203 o Jlain] gaws )3 posio o)las g 6olol balys i cow Log) ails 5, Slas (pils guios 5
g YelAe e & i V8 ¢ VY (lol 5o b SlalS jo ails 5,Slee (V¥ Joun) €8,5 5,8 suopd gy Jhis! gaws
3,Sdas oyt 35 Ui Sle dunlie gl .(VVa JSb) cdl Lials (59, o gylol 593) dald 4 Cans Lo y> YAISY
3Slas (gho)d Vo/NF Iy gxe yinl3El Corge a5 g ol fhol Canday Wginnl p oYY [V g09,Sin Vo b Jglne b il
I sime AN adgicnl p oYY (Y o00,S00 gy (b Jolome 5l oolawl b als 3 Sloe (Vb JSKi5) w Ll ot Log) &l
ojlas £, 5 VY 0,8 a8 oy lis Ll e Logd ails 5,Sles e ojlas S0ke dwslio (VD JSS) cuibly sl b
(Ve JSKE) wis aald 4 Cous Caas opl (sho)d Y/YA b iz o8l Coge jases

DI cage gy Culun (gl Cuo p (Jdg)lS slgome (I3l g 35 (e (RS Bo)b Sl Mgl 3 )8
CalsSSy lise il 5 )b 5 Wil b Jele Ylaisl 55 il opl 45 (Zafari er al., 2020) 545 oo 4l 5,Slas
oylac 0,8 a8 1,8 555 lae sl oad il 3 Shes Liol38l 4 oie 1Ml o3 lle (glgime ialS g (¢ mgid
spde ol o8les LBl cage olleS L pln > gLl el gl GBI Bkl e
ol (o poaS g 05 940) My (sboniS wulals ¢ 5950 3l oYU Zolaw (s9l> yee o lac (Keramati et al., 2021)
o,lac (Abdelaal ef al., 2017) 3ib o 5L )90 (BLS (slo ol 15y g pandi yial3dl (clp a5 sl b pmoling g el
O 4 Jos Gl3l g olS 5 Sles (I ) e 8 dipelslanil 5 2LS (slaggersn g Ld > 4 ez
aly 3,Skes yinl3hl Coge pode oylac ib Jgle 45 13,8 5135 e (Taha ef al., 2021) 1S o W) (,loloS
Al-Juthery et al., 2020; ) (Triticum aestivum L.) p05 (Yaghobnezhad et al., 2023) (Carthamus tinctorius) 5,5
Dgds o (Farhadi et al., 2023) &> o (Sadak & Dawood, 2023



19 ool Byl crd dyicr Lug) 9,5Mac 3 K slgs 58 ldo y ddsiceyi gt TF 3 poho ojlac Gl ooy o

a

1400
1200

a

1000 2 b
800
600
400
200
0

8 12 16

Irrigation condition (day)

seed yield (kg/ha)

b

1400
= 1200 b ab a
S 1000
%D
= 800
%)
2 600
T 400
@ 200

0

0 5 10
Brassinolid (uM)
C

—~ 1500
é‘ a
on
<1000
=
)
Z 500
g

0

Yeast extract (g/L)

duglio 9 (D) (bt Lg) @l 3,8hes gl GFYF (Sl dulio () (il Lugh s 3 ,Shos y (g)lul Cilieo o Sils duylin )Y JSU5
{C) b Lugh s 3 )Sos 1 jo5ee o)lae (ke



VFeF oS3l 6ylais i 5 sl 6,90 3l 5y LS pale dlo Y.

& 5 i F

bl bl )3 4l 5 Slas 5 IS Jdo)lS b ga Judg)IS lgiome Jud 1 s 2090 lao oS 0l LS Gudow (0l ol
-olle (g lsme Sl cage (s)luleS Jlosl S Jlopo il (il Jgane (il bl b G 9iMlo 5 2305
olS =18 clagul alos ul.\uﬂfluul dLa:M)’JT 9 ooy leime yinlidl .ad QL\,,.S\U’;JT dhm)‘ﬂ Cullsd 4 KAV P
Slao Cudlys Sy (gl &ygots gl o VY 5 jase o)las 38 il o )luleS 2l 0 ki Lyl
2SI apls e i)l s (o)lleS balps )3 1) eS8l slam 3l clld g JS idg,lS b ga Judg,lS (lgime
3,8dae 3.0 5 (oleleS DIl Sl & e (S (Bl glore s sdgiusl oV V500,800 V1 g je5io 0 lae 2
b @yze Sl (S Gl Car Wil T 5 ez ojlae (b gl ggerme )3 ab hbpaia Log) > 4>
238 oo ety 6)lleS lalypd 3 Jdd sla ST

&b .

Abdelaal, K.A., Hafez, Y.M., El Sabagh, A., & Saneoka, H. (2017). Ameliorative effects of abscisic acid and yeast
on morpho-physiological and yield characteristics of maize plant (Zea mays L.) under water deficit conditions.
Fresenius Environmental Bulletin, 26(12), 7372-7383.

Al-Juthery, HW., Ali, E., Al-Ubori, R.N., Al-Shami, Q., & AL-Taey, D.K. (2020). Role of foliar application of
nano npk, micro fertilizers and yeast extract on growth and yield of wheat. Int. J. Agricult. Stat. Sci,
16(Supplement 1), 1295-1300.

Alaei, Y., Khanghah, A.M., Jafari, M., & Khaneghah, A. (2012). Evaluation on leaf proline amount in three bread
wheat cultivars in presence of two fertilizers containing amino acids in drought stress. World Applied Sciences
Journal, 18(9), 1190-1192.

Bakhshi, B., Pouresmaeil, M., & Keshtgar Khajedad, M. (2021). Assessment of agro-morphological traits diversity
in cowpea landraces originated from arid and warm regions of Iran. Iranian Journal Pulses Research, 12(2),
85-103. (In Persian).

Bates, L.S., Waldren, R., & Teare, 1. (1973). Rapid determination of free proline for water-stress studies. Plant
and Soil, 39, 205-207.

Carvalho, M., Castro, 1., Moutinho-Pereira, J., Correia, C., Egea-Cortines, M., Matos, M., Rosa, E., Carnide, V.,
& Lino-Neto, T. (2019). Evaluating stress responses in cowpea under drought stress. Journal of Plant
Physiology, 241, 153001.

Castafieda-Murillo, C.C., Rojas-Ortiz, J.G., Sanchez-Reinoso, A.D., Chavez-Arias, C.C., & Restrepo-Diaz, H.
(2022). Foliar brassinosteroid analogue (DI-31) sprays increase drought tolerance by improving plant growth
and photosynthetic efficiency in lulo plants. Heliyon, 8(2).

Chance, B., & Machly, A. (1955). [136] Assay of catalases and peroxidases.

Chang, C.C., Yang, M.H., Wen, H.M., & Chern, J.C. (2002). Estimation of total flavonoid content in propolis by
two complementary colorimetric methods. Journal of Food and Drug Analysis, 10(3).

Dehghan, M., Balouchi, H., Yadavi, A., & Zare, E. (2020). Improve wheat (Triticum aestivum) performance by
brassinolide application under different irrigation regimes. South Afiican Journal of Botany, 130, 259-267.
Du, Z., & Bramlage, W.J. (1992). Modified thiobarbituric acid assay for measuring lipid oxidation in sugar-rich

plant tissue extracts. Journal of Agricultural and Food Chemistry, 40(9), 1566-1570.

El-Beltagi, H.S., Mohamed, H.I., Aldaej, M.1., Al-Khayri, J.M., Rezk, A.A., Al-Mssallem, M.Q., Sattar, M.N., &
Ramadan, K.M. (2022). Production and antioxidant activity of secondary metabolites in Hassawi rice (Oryza
sativa L.) cell suspension under salicylic acid, yeast extract, and pectin elicitation. /n Vitro Cellular &
Developmental Biology-Plant, 58(4), 615-629.

Farhadi, D., Asghari, H.R., Baradaran Firouzabadi, M., & Abbaspour, A. (2023). Improved sweet corn growth,
yield and rhizosphere enzymes by application of Funneliformis mosseae, Piriformospora indica and yeast
extract. Gesunde Pflanzen, 75(6), 2797-2809.

Farhangi-Abriz, S., & Torabian, S. (2017). Antioxidant enzyme and osmotic adjustment changes in bean seedlings
as affected by biochar under salt stress. Ecotoxicology and Environmental Safety, 137, 64-70.

Fariduddin, Q., Yusuf, M., Chalkoo, S., Hayat, S., & Ahmad, A. (2011). 28-homobrassinolide improves growth
and photosynthesis in Cucumis sativus L. through an enhanced antioxidant system in the presence of chilling
stress. Photosynthetica, 49, 55-64.



r ool Byl crd dyicr Lug) 9,5Mac 3 K slgs 58 ldo y ddsiceyi gt TF 3 poho ojlac Gl ooy o

Fawzy, Z., El-Magd, A.M., Li, Y., Ouyang, Z., & Hoda, A. (2012). Influence of foliar application by EM" effective
microorganisms", amino acids and yeast on growth, yield and quality of two cultivars of onion plants under
newly reclaimed soil. Journal of Agricultural Science, 4(11), 26.

Ghasemi, A., Farzaneh, S., Moharramnejad, S., Sharifi, R.S., Youesf, A.F., Telesinski, A., Kalaji, H.M., & Mojski,
J. (2022). Impact of 24-epibrassinolide, spermine, and silicon on plant growth, antioxidant defense systems,
and osmolyte accumulation of maize under water stress. Scientific Reports, 12(1), 14648.

Gokeel, F., & Sezen, S. (2009). Corn yield response to partial rootzone drying and deficit irrigation strategies
applied with drip system. Plant Soil and Environment, 55(11).

Guedes, F.R.C.M., Maia, C.F., da Silva, B.R.S., Batista, B.L., Alyemeni, M.N., Ahmad, P., & da Silva Lobato, A.
K. (2021). Exogenous 24-Epibrassinolide stimulates root protection, and leaf antioxidant enzymes in lead
stressed rice plants: Central roles to minimize Pb content and oxidative stress. Environmental Pollution, 280,
116992.

Gupta, A., Rico-Medina, A., & Cafio-Delgado, A. I. (2020). The physiology of plant responses to drought. Science,
368(6488), 266-2609.

Hassanen, S.A., Mousa, W.M., & Sultan, F.M. (2020). Effect of foliar application of humic acid, yeast and garlic
extracts on growth, yield and quality in forage cowpea. Middle East J., 9(4), 1079-1087.

Hiscox, J., & Israelstam, G. (1979). A method for the extraction of chlorophyll from leaf tissue without maceration.
Canadian Journal of Botany, 57(12), 1332-1334.

Hojati, M., Modarres-Sanavy, S.A.M., Karimi, M., & Ghanati, F. (2011). Responses of growth and antioxidant
systems in Carthamus tinctorius L. under water deficit stress. Acta Physiologiae Plantarum, 33, 105-112.
Kaya, C., Ashraf, M., Wijaya, L., & Ahmad, P. (2019). The putative role of endogenous nitric oxide in
brassinosteroid-induced antioxidant defence system in pepper (Capsicum annuum L.) plants under water stress.

Plant Physiology and Biochemistry, 143, 119-128.

Keramati, S., Gholami, A., Baradaran, M., & Abbasdokht, H. (2021). The effect of yeast extract on physiological
and biochemical indicators of cowpea in drought stress conditions. Journal of Crops Improvement, 23(2), 247-
261. https://doi.org/10.22059/j¢i.2020.295925.2338 .(In Persian).

Khan, 1., Awan, S.A., Ikram, R., Rizwan, M., Akhtar, N., Yasmin, H., Sayyed, R.Z., Ali, S., & Ilyas, N. (2021).
Effects of 24-epibrassinolide on plant growth, antioxidants defense system, and endogenous hormones in two
wheat varieties under drought stress. Physiologia Plantarum, 172(2), 696-706.

Masayasu, M., & Hiroshi, Y. (1979). A simplified assay method of superoxide dismutase activity for clinical use.
Clinica Chimica Acta, 92(3), 337-342.

Mohammadi, M., Pouryousef, M., Tavakoli, A., & Fard, E.M. (2019). Improvement in photosynthesis, seed yield
and protein content of common bean (Phaseolus vulgaris) by foliar application of 24-epibrassinolide under
drought stress. Crop and Pasture Science, 70(6), 535-545.

Nakano, Y., & Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach
chloroplasts. Plant and Cell Physiology, 22(5), 867-880.

Nie, S., Huang, S., Wang, S., Mao, Y., Liu, J., Ma, R., & Wang, X. (2019). Enhanced brassinosteroid signaling
intensity via SIBRI1 overexpression negatively regulates drought resistance in a manner opposite of that via
exogenous BR application in tomato. Plant Physiology and Biochemistry, 138, 36-47.

Nolan, T.M., Vuka$inovi¢, N., Liu, D., Russinova, E., & Yin, Y. (2020). Brassinosteroids: Multidimensional
regulators of plant growth, development, and stress responses. The Plant Cell, 32(2), 295-318.

Pérez-Montario, F., Alias-Villegas, C., Bellogin, R., Del Cerro, P., Espuny, M., Jiménez-Guerrero, 1., Lopez-
Baena, F.J., Ollero, F., & Cubo, T. (2014). Plant growth promotion in cereal and leguminous agricultural
important plants: From microorganism capacities to crop production. Microbiological Research, 169(5-6), 325-
336.

Rady, M.M., Belal, H.E., Gadallah, F.M., & Semida, W.M. (2020). Selenium application in two methods promotes
drought tolerance in Solanum Iycopersicum plant by inducing the antioxidant defense system. Scientia
Horticulturae, 266, 109290.

Rafeie, M., Amerian, M.R., Sorkhi, B., Heidari, P., & Asghari, H.R. (2020). Effect of exogenous brassinosteroid
application on grain yield, some physiological traits and expression of genes related to this hormone signaling
pathway in wheat under drought stress. Plant Genetic Researches, 6(2), 157-172. (In Persian).

Rezaei, H., Saeidi-Sar, S., Ebadi, M., & Abbaspour, H. (2018). The effect of spraying of methyl jasmonate and
24-epi-brassinolide on photosynthesis, chlorophyll fluorescence and leaf stomatal traits in black mustard
(Brassica nigra L.) under salinity stress [Research]. Plant Process and Function, 7(25), 53-62.
http://jispp.iut.ac.ir/article-1-929-en.html(In Persian).

Sadak, M.S., & Dawood, M.G. (2023). Biofertilizer role in alleviating the deleterious effects of salinity on wheat
growth and productivity. Gesunde Pflanzen, 75(4), 1207-1219.


https://doi.org/10.22059/jci.2020.295925.2338
http://jispp.iut.ac.ir/article-1-929-en.html

VFeF oS3l 6ylais i 5 sl 6,90 3l 5y LS pale dlo vy

Sadeghipoor, O., & Bonakdare Hashemi, N. (2015). Study the effect of brassinolide application on drought
tolerance of cowpea (Vigna unguiculata L. Walp.) [Applicable]. Crop Physiology Journal, 7(26), 57-70.
http://cpj.ahvaz.iau.ir/article-1-442-fa.html. (In Persian).

Sheikhi, S., Ebrahimi, A., Heidari, P., Amerian, M.R., & Rashidi Monfared, S. (2021). The effect of 24-epi-
brassinosteroid on the expression of some genes involved in the diosgenin biosynthetic pathway of fenugreek
(Trigonella foenum-graecum L.) under high temperature stress. Iranian Journal of Field Crop Science, 52(3),
11-24. https://doi.org/10.22059/ijfcs.2020.295770.654683. (In Persian).

Taha, R., Seleiman, M.F., Alhammad, B.A., Alkahtani, J., Alwahibi, M.S., & Mahdi, A.H. (2020). Activated yeast
extract enhances growth, anatomical structure, and productivity of Lupinus termis L. plants under actual salinity
conditions. Agronomy, 11(1), 74. http://jispp.iut.ac.ir/article-1-929-en.pdf.

Taha, R., Seleiman, M.F., Alhammad, B.A., Alkahtani, J., Alwahibi, M.S., & Mahdi, A.H.A. (2021). Activated
yeast extract enhances growth, anatomical structure, and productivity of Lupinus termis L. plants under actual
salinity conditions. Agronomy, 11(1), 74. https://www.mdpi.com/2073-4395/11/1/74.

Talaat, N.B., Shawky, B.T., & Ibrahim, A.S. (2015). Alleviation of drought-induced oxidative stress in maize (Zea
mays L.) plants by dual application of 24-epibrassinolide and spermine. Environmental and Experimental
Botany, 113,47-58.

Wu, C, Li, F., Xu, H., Zeng, W., Yu, R., Wu, X,, Shen, L., Liu, Y., & Li, J. (2019). The potential role of
brassinosteroids (BRs) in alleviating antimony (Sb) stress in Arabidopsis thaliana. Plant Physiology and
Biochemistry, 141, 51-59.

Yaghobnezhad, A., Talebi, R., & Pasari, B. (2023). The effect of foliar application of yeast and seaweed extract
on the yield and quality of safflower seeds (Carthamus tinctorius) under drought stress condition. (In Persian).

Yousef, E.AA., & Ali, M.A.M. (2019). Alleviation of cold stress on tomato during winter season by application
of yeast extract and glycinebetaine. Egyptian Journal of Horticulture, 46(1), 117-131.

Zafari, M., Ebadi, A., Jahanbakhsh, S., & Sedghi, M. (2020). Safflower (Carthamus tinctorius) biochemical
properties, yield, and oil content affected by 24-epibrassinosteroid and genotype under drought stress. Journal
of Agricultural and Food Chemistry, 68(22), 6040-6047.

Zahedipour-Sheshglani, P., & Asghari, M. (2020). Impact of foliar spray with 24-epibrassinolide on yield, quality,
ripening physiology and productivity of the strawberry. Scientia Horticulturae, 268, 109376.

Zhao, G., Xu, H., Zhang, P., Su, X., & Zhao, H. (2017). Effects of 2, 4-epibrassinolide on photosynthesis and
Rubisco activase gene expression in Triticum aestivum L. seedlings under a combination of drought and heat
stress. Plant Growth Regulation, 81, 377-384.

Zhao, X., Shi, J., Niu, Y., Lu, P., Chen, X., & Mao, T. (2022). 24-epibrassinolide alleviates aluminum toxicity by
improving leaf chlorophyll fluorescence and photosynthetic performance and root antioxidant-oxidant balance
and ascorbate-glutathione cycle in maize. Russian Journal of Plant Physiology, 69(5), 99.


http://cpj.ahvaz.iau.ir/article-1-442-fa.html
https://doi.org/10.22059/ijfcs.2020.295770.654683
http://jispp.iut.ac.ir/article-1-929-en.pdf
https://www.mdpi.com/2073-4395/11/1/74

