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Introduction

Drought conditions are one of the most important abiotic stresses in the world. In the first place, the best way
to prevent the reduction of crop yields in drought conditions is to use natural compounds that play a key role in
growth, development, and response to environmental stresses. Quinoa (Chenopodium quinoa Wild.) belongs to
the Chenopodiaceae family, a plant with high nutritional value and rich in protein as a future crop. Due to the
high resistance to various biotic and abiotic stresses, global demand for quinoa is increasing, and its global
production is less than market purpose.

Materials and Methods

This experiment was conducted during the 2020-2021 cropping season as split plots based on a randomized
complete block design with three replications at the Zabol University (UOZ) research farm, Iran. The main plot
factor was irrigation regimes at three levels: 1- Irrigation equal to 100% crop water requirement (control), 2-
Deficit irrigation equal to 75% crop water requirement (mild stress), 3- Deficit irrigation equal to 50% crop
water requirement (severe stress) and six levels of foliar application was assigned to the subplot: Control
(sprayed with distilled water without ethanol), 70% ethanol, 0.5 mM SA, 0.5 mM MeJA, 1 mM SA and 1 mM
MeJA. This study measured plant height, stem diameter, panicle dry weight, root dry weight, dry matter, seed
yield, harvest index, stomatal conductance, electrolyte leakage, chlorophyll florescence and water use efficiency.
Determination of irrigation interval and crop water requirement was based on CROPWAT 8.0 software and the
Penman-Mantis equation. For plant coefficients, used FAO default data. Irrigation planning was determined with
85% efficiency, and the water volume of each plot was calculated using a digital water meter.

Results and Discussion
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The results revealed that the irrigation 50% crop water requirement (severe stress), regime increased
electrolyte leakage, water use efficiency, and root dry weight, whereas it did not significantly affect Fv/Fm,
stomatal conductance, and harvest index. The highest plant height, with a mean of 144.02 cm, was obtained from
100% crop water requirement and 1 mM SA, and the lowest, with a reduction 71.5%, was obtained at 50% crop
water requirement and no spraying conditions. Quinoa had 54.3% higher seed yield than control under drought
stress conditions owing to unaffected Fv/Fm and stomatal conductance and less electrolyte leakage. Spraying 1
mM MeJA and SA increased chlorophyll fluorescence (22.4%), stomatal conductance (53.4%), and harvest
index (38%). In severe drought stress (supply 50% crop water requirement), foliar application significantly
increased the water use efficiency (from 0.2 to 1.1 kg m®). In severe drought stress, increased quinoa seed yield
was due to an increase in water use efficiency. According to the results, drought stress decreased physiological
and seed yield traits; 1 mM MeJA could increase the seed yield (292.93 g m) and partially compensate for the
reduction caused by drought stress. Also, seed yield with a mean of 281.96 g m? was in the second rank at 1 mM
MeJA application and 75% crop water requirement (mild stress) conditions. Fv/Fm ratio was not significantly
affected by drought stress. The highest harvest index was observed in 1 mM MeJA and SA compared to the
control. Therefore, to minimize the effect of drought stress, we could recommend using 1 mM MeJA.

Conclusion

The least stress treatment for quinoa economic yield supply was 100% crop water requirement (control) and
1 mM MeJA application. Also, the average seed yield (281.96 g m?2) was at the second rank in 1 mM MeJA and
75% crop water requirement (mild stress) treatment. It seems that stress tolerance mechanisms study and MeJA
foliar application are necessary, especially in areas with less water, and we need to develop crops that are
possible to produce high quantities with require low water in farms.

Keywords: Chlorophyll fluorescence, CROP WATT software, Drought stress, Plant growth regulator, Water
use efficiency
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otalS |y puS Wiy elis) (o] s (aliEl g (Suts 15 Jleel
gt e Sigamlrdisl 9 Sl dl 3,)87 &5 Jlo > 0l
.(Vahabi et al., 2017) 15,5 olS &y glas)|
aly Las Laodls uibyly 45555 45 by ye guls 18l yhad

1- Fisher's LSD (FLSD)
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; Forouzandeh et al., 2019; Behboudi et al., 2018) x_sl
oYL sl esliwl a8 ol as e b s ((Macet al., 2014
oLS =l 5L ao 0 el baylyis 0 Slgewls Juie clale
Coms a3 0,Sos 3 003 FAY Jolne i ol38l (i yis)
5 oliwl a S ol Jls g a3l jgiuandl G yme pas o as
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Sl sl ol o Lie oand ogalinnsly bas b
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{(al., 2011

o il Cow 4 gyg bas )y ol clale U oubit e
d9-is oS 4y dgste 5 gilnST (15 el 5 SlausT 3l
Lo ol b cllas o) &5 (Mohammadi Azni et al., 2020)
I3 (SiS S 4 Gl 3 (o G 0l ady) ) SlsS e
Sl Co sy 3 lg5 o olS slaaidy) ((SiS G35 b )
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5 i G jlasd Cod ofigy ¢ Sutd b (I L inlejl
S imo je oy didyy Sis ole oot Sl Sl 3,8
4 Sto ol o531 Sl slags il (1 Jsin) il ol
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4o pomte G sladdy) SS9 48l )y (3355 g b
J(Brunner et al., 2015) 35 o d8lw 4y diiyy Coms Lyiol58l
bogh Sl dpl (8L Jslone 51 ) ) Sid (jy ul38l
oo)li5 55 (Rezaei Nasab et al., 2016) ,Ken § coas SLs,
Ll 0045
O as byuye slajles Sl 1SS 83k g dild 5 Slos
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38 (Y J9a) 29 Jla(Hime 19 s 5 Shos y (p=+/-0)

308 5 iy U e Jlesl gl o il caday 3o ally

I s (5 5031001 Sl 51 (Kt 15 g oy slone 31 (Slazyo eilen) il fy 41325 -F g
Table 2- Analysis of variance (mean of squares) of spraying and drought stress effect on measured traits of quinoa

“?)” Wg e, allw ,hd Add S 39 iy S (59 < id osle Sl 5.5
sS.0.v 8150 Plant Stem Panicle dry Root dry Drv matter Seed vield
df height diameter weight weight y y
I 3
’ _’S‘ . 2 88.32 1.37 419.03 108.91 209363.60 189829.65
Replication
Drought 2 5715.47* 43.13* 108015.24** 3470.70* 3185703.38*  3274843.74*
stress (D)
a clbs
4 700.55 6.06 5180.80 376.50 353496.53 216739.33
Error a
o l"bb“’ 5 1601.06** 9.57* 9835.76** 2948.21** 2894890.67**  2359003.27**
Spraying (S)

Dx S 10 511.09* 8.15* 5452.85** 787.83* 819317.35** 150920.08*
bsles 30 228.46 3.42 1693.20 360.24 160053.02 64328.71
Error b

P 15.26 15.72 18.49 17.18 10.39 12.33
CV (%)

o> S g duoyd gy Jlesn] e (5 5 xe s Sy

*

*and **: are significant at 5% and 1% probability levels, respectively.
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Sl 48 sy a8 (SaS cdl T oYL elgie Lais 4
) s 5255 55 S a3l i Clled 28l Ol cmidg
Faroog et al., ) 5o (iuwj 2)Slos 158l &4 oo 5 S 00
(2009

(oslly 4o Jsds mls ulul p iCwild e LS
85 1,8 bnygionl 5L Jobre il cou by cuslbyy asls
cdale @oli8l U o ool a5 gyebas (¥ Jgan) (p<e/+))
P S pde jebay cudlby (asld oy yiio 8l il sl
Al g Slgosle Jote Yoo oo S srcdale (o3 Jole
L odalie Mald 4 Caws iul38l Mo > YA/O ledy Silowl
Iy i oy yieS duoyd FY/FA ko b Lib Jole pie jlos 4
sl (Bl g b 5 (SiS GS Sy (0 Jpie) sl
Sl ire il sl 4 Glgewly Jute 5 Siledls
Sl 9 Ol (Bl Jglre ) uildyy pasls il (Y Jaz)
ol Ly I35 (Amiri et al., 2016) cuwl odd ()55 Sibeanlos
Oil38l azeis iy aily Glgs g e cuiby el dgun il
=35 0wl 4 y5e L ol yan cadgs 50 aild dlu (oS15
839 8395 Can; Mg Lial5dl 4o bas 3,Slos Lol Ligl5él
o 5 S Ltalojl s 4, oyl (Hay, 1995) el
A osalie 15 9S> (Keshtkar et al., 2021)

e loy 55t coo aily 3, Slas altn j5 oS St odlo

28 bl (3 (Y Jgia) €85 )13 sl 5 (Suis 15
oy Ve ools Ll )3 Slgewls Juio ,Ygo o G clale
3905 dulgi migeyio )3 p)5 VAN Jaleo  Siis odlo olS uj 5L
i gt i Bylogi L Ly dclie )3 45 51 jegdle oS
ookl pae byl i Uy anlie )d (g0l Y0 2905 yiol58l &
dilen b (as iiS) olS ol 5L oy B UAAL PRy v
3 wegmasdl e dlgs oyl 5,8 il 5 Slas p baygtd! 5
oS (s i oale dgupo 0 (5,550 i o Sl D byl
33l 0l T 5 dopd Voo el Laslyd )3 S g ooty wcils
Jls ob Ll al]) Sis ool 5)Slos o yd V5 dgas b jgiaanad!
Sid odlo (yalp VIO iali3l amls wyad (55 Hles a5 )]
— (Anjum et al., 2016) ,LSen 4 pgsl (Y Jgin) w2392
O cov Gligewls Jao b odds jlawd LS o a8 58" 4Ly
(Sl 25kes s B 5 pKoin phals 8l wals 5 (S
slazewl | glod s ol Gligawls Juto (i odnlin puS
byl b cod alS o 1) (olerdsn 5 (Soiglssd ((Seglshyse
dslllas oyl ,5 (Creelman & Mullet, 1997) 5350 o o i
dste e 3 58,5 3L s B pgons o i) et
Gl S bLEE ()l ial5dl ol &8 4l il Slgasls

lginS (S259998 )90 o Byt 1 (SWid AT g (il dglore T (Sl o (a5le) il )l 455 € Jgs
Table 4- Analysis of variance (mean of squares) of spraying and drought stress effect on some morphological traits of

guinoa
4?)3_ iy sl S g SN il Slaijey Cald  Jede S lwpgls by 0,5

SOV 51 arvest index Electrolyte Stomatal Chlorophyll " WUE

df leakage conductance florescence

)‘)Sv . 2 62.36 131.03 2.83 0.0254 0.0335

Replication
(S 2 830.82 ™ 2931.2* 17.57m 0.0080 ™ 0.1186 ™
Droght stress (D)

Al 4 330.56 283.68 32.85 0.0187 0.0360

Errora
il Jolone 5 388.84 ** 787.13% 301.93 ** 0.0346 * 0.2665 **
Spraying (S)

Dx S 10 69.20 221.33** 59.36 ™ 0.0089 ™ 0.0521 **
bslas 30 41.80 48.81 32.82 0.0136 0.0070
Error b

et - 12.32 11.93 19.88 14.99 13.89
CV (%)

oy S g doyd gy Jlain] g )3 5 ixe > xe ué s gay K 4 * NS

ns,* and **: are non-significant, significant at 5% and 1% probability levels, respectively.
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Table 5- Mean comparisons of simple effects of spraying on the measured traits of quinoa

W ylow
Treatments Cuild yy as bl M50y colun Jadg S pwiluw yold
wbjgbw Harvest index (%) SE?nmratoe}lﬁ(zngt.jrl:ﬁ 22;8 Chlorophyll florescence (Fv/Fm)
Spraying

So 42.49 d* 22.53 cd 0.67 b

S1 47.25 cd 21.64 d 0.72 ab

S2 52.48 bc 32.00 ab 0.81 a

Ss 5447 ab 2767  bc 0.80 a

S4 59.28 a 3449 a 0.82 a

Ss 58.70 a 3458 a 0.82 a

5 gl ime il Mo yd gy Jlesnl 4y o cdablone I ime BMS] JBlus yg0jl b S yriie B G JBlis (il (sl nSibe ygiw pa 0 %
Yo o S 1S5 5 Suliudlo ol ;Y g0, oo S5 1S4 wligomsls o ;Y50 duo /0 1S3 «Syliudlis dpuol ;Y g0 o /0 :S2 hoys Vo Joilil :S1 o jlasie i :So
Slgansls Jiio
* Means with at least a common letter in each column are not significantly different by FLSD test at 5 % probability.

So: Distilled water, S1: 70% Ethanol, Sz2: 0.5 mM SA, Sz: 0.5 mM MeJA, Si: 1 mM SA and Ss: 1 mM MeJA.

LAl GRS e 3 48 Cdl da g gl job @l @ g
IS (s 5ihuogi bl jia (ol ol S5 003 B+ ) (Sis
“5jgy Colin J1alS 4y e g 48,55 )18 8L cow s gboa,
Colin (3 s byt L Ylaisl di) .l oais ol
45 4l eade (e3aste (liioee ¢ Byl Sl 29 gt (5145,
Colin plise (Suid A5 Lalpd )3 ol g Lol oaiiSdga0
J(Fischer & Maurer, 1987) cuwl Ldg;e
Sl s lac bl oL 2 b IS il ol
3y Slos pSlas (PSH/+0) o mxe iulj8l el Slgomls Juto
(FVIFM) (Sl a0 55k Laslyd o 11 gt ogislS
O 0l dliio oS (g ygboay (F Jgaz) 45 sals b awglie 5>
U5 So 5 +/5Y e JBlas 5l FVIFM caas b L cdo
(S5) Shigomsls to )Ygo oo Ky clalé 3 +/AY e ,STas
st sl il (BB e (b Jpie) <55 5
Joiz) a5 edaliie ()3 sine gld5 Sl gl g lgosl>
sl Slgouls o )Ygog,Sae Voo ) s o) alise (0
ald UL dwlie o puiS pB,) FVIFM i sy A/F i3]
S ehesdsud el uals . (Javadipour et al., 2021) i
Souza et) &S o dgdoxe |y jiiwgid a8 Cuwl (gldizey e Jolse ;]
ol addllas ;3 (PSH) 53 piussd b ¢yl (al., 2004
48 @B B oy 090 JBg)lS uilioygld (b I eslatul L
ot ol lie 5 GRS Jeod 3 ol Ul 5,50 ) Sl

zobw U coso oS (glassy, colin 1 gldije, Culad

Samol (bl Jodone (3l Lpis 9 8,50 1,8 Siis i calisee
Joyd S paw jd ey colia p Algemls i g Sl
(sl 4 Loy clajlasd o 3 (¥ Joi2) 392 Jbsine
g B Vel Sy & +/0 il sl 93 Gal3él b
it 5 Sl sl Vo o S ke Jlasl &8 55y 3,
oS (sldsey culin (ghumyd OF Lisli8l & jonie dald L duslds
J—ie 9 Sl 0 l) oyl 4 s (310 Jgas) 0
iz byly b o ade apualSe (gildlé 4 B (Clgeuwls
o33l Gl (Venegas-Molina et al., 2020) sws olS ) jiis
055 oS 53 Sl sl 3,18 | oy G 5 85355 52935
= (Glycine max L.)Lsw g ,> (Nicotiana rustica L.)
(Habibi et al., 2015; Khan et al., 2003) ¢l oo 5135
o=l 4o Gl colia ilidl ey s )5k g Lo uSe

PLS 9 ah e ) plaladijy) (S b agalse 3 (G cul
il b (Siid jl Slin] jolateds g 39y o0 sleidbas O 028z )5
S8 5y o3t () 3 45) Blibnag 5 s slolsy )
ol J9S595 9 S €8 > g dugly pek (0l o dxe 5 A
L S o ol S i b agalye ) (Sts 5 py8 clel
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5 picio (st A s gl (¥ Jpin) b ialidl e
&) lenss,y » (Rezvani Moghaddam et al., 2021) Ko
LS O G yme LS bl Gialidl Ly S ol i geS
e |y Sis ad Li5 less 3 WUE talsél s .cdly
LS el el gl 3,8 L 1528 il 3 Slae i3l
5 Slsamls e 3,5 b (St 55 cov oblS 0 T G yuas
il 01 )5S 35 alS cbdisS plo gl Silillis 2l

(s Fugate et al., 2018Abhari & Radman, 2020)

S 5 o
3y Sloe « 5998 )50 Dlao (S i &S o LS gols
ol pogde cuiliS 5t cue pSIl cuts 5 Sis odlo g (eolasdl
Ol L ol Bpae lasily g g iUl s ey St (g
So 0,8 b plgs olS l3ls aops Voo ol oS iy (goliadl
Josto Moo S Lot b o 532 Cliganle Lo Ngo o
b (lawgio 25) ol o1 5L 4o pd VO el Lasl i 53 Slgowsls
G mme BB cayoyio 43 p,8 YAV/AF &l 5 Slos 1S5bo
ool Laslpd 53 iy Sebulls sl Yoo o S 5508 o
Fv/iFm s W odly ua.oo.w LML.O ‘LSJ )L.s o yd [\l 9 Voo
oy )55 I Suss i 8l cod )b ne jebds lgiS
4o $r9ps Cdo (pl Sl aeyze lailpd > A5 VL zolaw il
balys b g B ()15 198 o 31> L5 gl by om0
dyme Sl s & gl wl cpl (s pl baayls  Sis i
cAlos 3ayb 5l asl WS o Gl ) st il Jaane S
Sy Il sl e cl S ¢"j 59l ud g5l
A0S walyd o |y OY sase ple o (S 4 Cuglie yiul3dl
SRS 5 U5 & JooS SlapunilSe o) b & o sl
2ol Ol Byas 1alS L olyen YU CueS b (LS 2y

v

aS aad o lis FVIFM (ool5 8l im0 &3l jiingid piuw
PSII )3 LeyS oty (551 530S Bl &y yoxio b jginadls )l
Onimed 9 g0 005 Hlag (LS b dwslie )3 00l Hleg olalS
Js 0,565 55 ATP iy G pume g g8 osimd b y2alj3l o)
PSII 5550 S48 ot oo ) G (S5 Z) (g8l yut (19,551
el 03,8 cladlone PSI 51 g ad) 51 ooliwl  5yleds au!
.(Nogués & Baker, 2000)

A S I iingrgd (LS by 4325 @lis olul
ol Calisee @lidss (F Jods) sl wles )bl bylys
S P FVIFM (asls p (o)ls gae il (Sis i o5 2l
ol 3 glad bl L o 3105 g8 do 5l 2)j ol
; Nasiri et al., Bosque Sanchez et al., 2003) c.sly calles
e e FVIFM coid ¢ ploudgd oIS 84 (2020
5 5585 05 a8 1 gt >,Shos (g bl Bl Josine
olSod 5V D)5 Jdoay pol ol sy o Lo 4y & 0,5 0 )3
A yuite uilwygld cons (Amirjani, 2011) wsb ol (¢jmwgd
sl > Shae il o203 (FVIFM) (uilysls 51
)y i coss a8 Sl ey o] e sl o 1] pigusssd
PAS Sygao 40 5l e TAOL/ED o slaiely oyl
Zhao et al., ) 3o A aled iaS Jlade pl 5055 58 i bty
(2007

2 s M o by S 10T o 1,8
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e Ve e S jlaw any byye (o jio )3 £35S
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