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Article Info ABSTRACT
Article type: In order to investigate the effect of ascorbic acid on seed yield and some biochemical
Research Article characteristics of quinoa plant under drought stress, the experiment was implemented in

the form of split plots based on randomized complete blocks design with three
replications in 2019 and 2019 at the station Research, agriculture and natural resources
center of Kerman. The main factor included three levels of irrigation treatment (irrigation
until the full ripening stage (control), irrigation until the beginning of the flowering stage,
and irrigation until the beginning of the pulp stage) and the secondary factor included
two levels of ascorbic acid foliar spraying (0 and 2 mM). Year and its interactions with
both factors had no significant effect on all traits. The effect of irrigation factor, ascorbic
acid and their interaction on all traits were significant except for the effect of irrigation
factor on carotenoids content and interaction effect on grain yield and carbohydrate
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2023 content. drought stress (irrigation until the beginning of the flowering stage and irrigation
until the beginning of the pulp stage) caused a decrease in grain yield, the content of
photosynthetic pigments, leaf protein, relative water content and an increase in
carbohydrate and proline content. The seed yield under the conditions of irrigation until
the beginning of the flowering stage and irrigation until the beginning of the pulp stage
was reduced by 40.5% and 18.7%, respectively, compared to the control conditions.

Keywords: Regardless of the lack of significant difference between irrigation and ascorbic acid foliar

Ant|0X|d_ant, treatments in trait of seed yield, foliar application with ascorbic acid led to the

carotenoid, improvement of biochemical traits and seed yield in all three irrigation treatments. Seed

chlorophyll, yield increased by 22.7% with ascorbic acid foliar spraying. Since foliar spraying with
drought stress, ascorbic acid has improved grain yield, it is suggested to use this substance to compensate
flavonoid, for the damage caused to quinoa plant as a result of drought stress.
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2020 2021
Month Rainfall (mm) Month Rainfall (mm)
June 15 June 0
July 0 July 0
August 0 August 0
September 0 September 0
October 26.5 October 255
November 19.6 November 0
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Soil characteristics Results of soil analysis
2020 2021
Soil Pattern Sandy Loam Sandy Loam
Sand (%) 69 71
Clay (%) 13 12
Silt (%) 18 17
pH 77 79
EC (dS.m?) 1.98 191

(B S Cyao b jab slacale Loyl i ploul cusd b (g e S Bes 50 5 0ledld e VO Fu b o clllS Clles
2 G Pl 1 oalatel b Jgl Cags (oBbJgloxe S|y 4ian ¥ pgd )b g (25 95 Alaye )3 LSy s je 93 53 ]



Y.q w’/’n’fu‘“‘b’f“’ e fodS ol ot beoeiig Slio (B4 g 4l 0, Kloc 4 M/&)}Lu/_‘,.&b‘j}&o,u‘b

Pl > &0t ol bl YO ) > Sufglaid (Sapwy 9 By (10535 5l oy el Slilas . plol Ol (g8
A dloms ool aoly o (el (e o o p5) il 5 )Shes

w990 Wl Y-

Sy §lm asls e 4 iolejl asly a clade S il 3, Slee (6pSojlil gl iild 3 Ses -Y-Y
B ole @pe yie 3 p)S s g odd Cubldy SoTgle b

235391 (LS o3lo £)5 v 4 dopd Ar (gl Lo Ve A998 9 b Judg IS @ Judg IS e Y-V
21y ol 3 oolide g Jite dladed b 4y (2L B 0 Soin il 4B Ve o & 4B )3 49 Fren S pu by g 5L
Yo 9b o)l i poglhi PO @ i)l (sl yiogll PPV (slagge Jobo 5 Al jsboay g aisy) yiagidy Sl CgoS
WG [ RER O KT PR P WIS Ly e

ol Casd & digad 5 039 £S5 2 p S oo e 1 85508 9 b @ Jdo)lS liee 25 (sl gerd Sl ealisl b coles

a J.\Bs).lf = [(12.7X A663)— (2.69X Ae45)]XV/ 1000x W (\)
b Usbs,lS = [(22.9% Ass)— (4.69% Agsz)]XV / 1000x W (v)
5955918 ={[1000(As70) - 1.8 (chla)- 85.02(chlb)]/ 198} V / 1000x W (¥)

s S oI W g yid o oy dop3 A gl (oo @2 Vb5 3)90 90 Jobo 0 e liee A Lallg) cpl
.(Lichtenthaler & Wellburn, 1985) 1L . ¢,5

o] o0 10 plol y5 b 4 (1973) Bate etal. yog)3l esliwl b Sy sy oliee 6p50j100 iyl g 32 (Sl Y-Y-Y
Ak ¥ g a8 Blo L Jglore 5 0ad oaples 203 ¥ Sliwlogdl gl Jsloeo il o 8 )3 S by 5l p 5
Voo sled > B> Yo oto ty 5 bglie Setubipul 1)k ¥ 5 cptemcnbitgel Jsbe 5 b ¥ L 050l o las |
9 03,5 aslsl gy yid e £ ladg) 4 o] 5l aw ud Jite o ples 4 ndlg) 1 51 o g s 0l 1,3 51,5 ke sy
» o e sxSoiul sl (VL 5B b JeSuts Tiome 5B 93 4l Ve 2930l a5 5l 03l (IS 534 Laalg)
b gl sylsbl Joso 5l 5 Ghg 05 0> JgegsSen ool 2 (Sl g (e 0 odlitul 2agll OV 9o Jobo
Voo G A5 03lal 300l Byne bl Sy g (slgime (6503l (gl 1S gy (Slgie E-Y-Y
DD 5o Job 5o ol i oljee AlBd 93 51 ug 05 039381 3y580l 0 Bpm ) 1) e O e (oS go)las i)y S
25 IS 5 Gy e p p Sk e p eSgn cdale ojlubiul poxe b auglie (plul pad 83 yegil
.(Bradford, 1976)

o 8l )5 IV 20> 30 S e Ve ShasmsrS olise yeSe3hil sl T yuhgt S glie 0-)-Y
w ol 5l o s ols s LS e am d Ae gl b el 6 e a1 2,5 Ol plon )0 ndiged g 0 a3l diges
ol e 5 0b 28Lsl 500 W S psilguntiasl 2l o B 5 o3 /D 15 1) e S edolunday Jglowo 51 2l e S
o S5 3 liad iocte ol 5y (5t lyngs S olige 5 O3 gty S el oS5 b stoglh PAY 50 Jobo 53
(Keles & Oncle, 2004) xol cawd

Lol g 9 00 bl (otlofl @8y S abangs S cpclsn 5 p)S o 18 1 2l Lol (Slgim0 1YY
ol yolid yatio Ul 9,0 Caclo VY Codods ladiges pumr (FW) dol cawd 4 p,5 +/++ ) s b Jbuswd ggjly5 5l eolacul
pEin )3 59 B s e )5 oo ) b Jluses (gojl 3l oolimul b o 5w g Bad (o )aS5 b1 slod g (SO6 3



VFe 090 6ylass ooy lgz g olomiy 699 o3 /i) ()5 LS pgle Ao -

(DW) Siid 59 b 43,3 1,3 caclio YF ooty 3,5 b a3 £+ oyl )3 Sy )] 51 Lo o] s 4 (TW) il o8
J(Ritchi & Nguyen, 1990) . duolxs 45 dolre 354l I RWC 30 Glus

RWC= (FW-DW)/ (TW-DW) x100
Lodts Juloxi g 4 yxi Y—Y
Losly il 5 s 1Al 45" & yguo cppids «8)5 518wy 350 393 Jloys S 51 VA aseus Minitab jl38le 5> aedls Tyl
e 05wy Py il bl daedls o9 Sl b 5 s g bl BU yuewsl 1,5 g0dgS gy il ookl b
4 e duglio (yge] 9 Dl 45T (Syo il g 455 s D (ot 35 Sl o] 3l eoliel b aolejl (slallas
(SAS 2010) 13 ploxil /Y a5eui SAS l38la i b o> gy pdaw 3 LSD 3,

o g g R saadl .Y

g Jlo a8 sl lis zols .l o 035l ¥ Jod 53 00 6,5 05l0]  plewdgn lis g aily 5,Slee il lg 3505 ks
olple il gyl gre 3 ol (gpSejlul Glho alS (59) dwlSygSl 5 kel Jlas Jole g3 2 L ] it
o stme 1355918 (glgizme Sl ot 4 Slio S g9y ()] slosd Sl sl 0355 Sglise o]y Jls 93 )3 Slio Sl uSe
Al 5, Sas cliztwlay Slaw adS (69) o Jole 90 pl blae Sl0g b b lao 4S04, duwlSo)5Kwl Jole yil o4
Jole calisto zolaw & Slas opl lp (ylol slajloas STy a5 sl cpl osims ) Lis 48 g o dxe il ysudrgs S (6lgime g
ol 03gr glate dul K y9Sus]

(Y) Jlo 93 53 (B) sl S 65l b 93 9 (A) (o)l jloss s o6 1928 olS lowdgn Slas g aild 3,Slas yuibyly 4555 .Y Joda

Mean Squares

S.0.v d.f.  Seedyield Chl-a Chl-b Carotenoids Leaf Carbohydrate Proline Phenol Flavonoid RWC
Protein
Y 1 3.14m 0.009" 0.0006™ 0.003" 0.0003™ 0.012" 0.020" 0.0007™ 0.0001™ 0.266"
Rep. (Y) 4 106.3 0.009 0.020 0.008 0.003 0.187 0.008 0.024 0.015 20.33
A 2 26317 3.052™ 0.203™ 0.020"™ 0.234™ 2.287" 22,77 11.490™ 0.515™ 857.3™
Y x A 2 1.996" 0.007" 0.0004™ 0.001" 0.0004™ 0.065™ 0.024" 0.007" 0.003" 0.489"
Rep. x A (Y) 8 113.0 0.007 0.021 0.017 0.003 0.066 0.005 0.011 0.008 275
B 1 20356™ 2.119™ 0.212™ 0.246™ 0.293" 0.516™ 8.353™ 0.595™ 1.738™ 447.8"
AxB 2 379.2™ 0.634™ 0.365™ 0.340™ 0.127™ 0.0007™ 0.892™ 0.261" 0.196™ 114.2™
Y xB 1 2.333™ 0.00002" 0.0003™ 0.002" 0.0004"™ 0.014" 0.00004" 0.019" 0.0003™ 0.048"
YxAxB 2 2.894m™ 0.00002™ 0.0001"™ 0.001" 0.0004"™ 0.022" 0.0002"™ 0.043™ 0.002" 0.119"
Error 12 109.6 0.006 0.021 0.008 0.001 0.020 0.018 0.048 0.009 12.45
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Seed yield Carbohydrate

Irrigation treatments (gm?) (mg g™ FW)
Irrigation to the full maturity stage 230.9%+14.17 2.968°+0.124
Irrigation to the flowering stage 137.3°49.73 3.8232+0.121

Irrigation to the dough development stage 187.8+8.05 3.243°+0.061
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Seed yield Carbohydrate

Ascorbic acid (gm? (mg gt FW)
Non-application ~ 161.6°+15.03 3.225+0.169
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Chl-a Chl-b Carotenoids Phenol
Irrigation treatments Ascorbic acid (mg gtFW) (mg Gallic acid/ g
FW)
Irrigation to the full maturity stage Non- application 2.167°+0.061 1.852b+0.128  1.459P+0.070 4.7418+0.068
Application 2.805%+0.046 1.826°+0.002  1.365°+0.048 5.0329+0.125
Irrigation to the flowering stage Non- application 1.0669+0.008  1.6189+0.006  1.308°+0.003 6.490°+0.023
Application 1.915°+0.005 1.550£0.008  1.352°+0.002 7.0592+0.049
Irrigation to the dough development stage Non- application 2.148+0.006 1.479%40.005  1.099°+0.043 5.403°+0.053
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Flovonoid RWC Leaf protein Proline
Irrigation treatments Ascorbic Acid (mg Quercetin/ (%) (mg gtFW) (umol gt FW)
g FW)
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Irrigation to the flowering stage Non- application 1.117+0.026 63.4°+1.031 0.339%+0.007 6.599°+0.008
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Application 1.403"+0.048 84.2°+0.716 0.841°+0.005 5.743°+0.007

)85 oy gy Jlezn] aws 13 LSD (90l bl 1 (65l sixe gl ity S jaitio i S gyl JBlis oS pla Sl o o gl

il g Al e Ol o lgies 3 so i |y gl a5 doeg 3 oadsbon] slacu] &5 oo sasls 5l S
puS (Aziz et al, 2018) IS ,ly cilie S > (oddmie likxe bwy G op) mlb wle o
Cawl 0y 135 (Lin & Chao, 2021) udg> ¢ 19uS olS 4 (Hafez & Gharib, 2016)

&Vl (slgime Lain (5 Jga) ol s 4y dpual Sy g5l Gl Jglore b )l Jlos aus y0 1 Ol and elgime 138
Caglio 5 Jsbo o)l523 iy plSoxtal 02im0 5 Conl (Smn Al SKiygSl gy sy 5 Ll 33 S ol (o
3 36 O amd (Slsime 29 45 3 Wl oo ol ST slojlog Cov olS 0d) dgute bl O abcuws]) il o
(Naz et al., 2016) wsb sl S yg8l b (3L Jgloee

o > 5 (125 9 o) 2leS G5 Ll 93y Cod sl S psSol b (il Jglome pas o 13 Sy iy e
oS ) (Suid i balpd ot Sy ouig (hlS (5 Jgin) s ol Sals oS ad (A5 Cod s b (bl Jglxe
@ Nl o oS L5 bulpd )0 uBigp (sleme LialS (Gangi et al., 2016) s sanlie uiss pl ls b slae o>
31 atpol (slmsasl Gal33l g o] oaiiSan o8 (slow il colled (1331 5 52 ShalS” lil (gl S0l b i (2S5 s
.(Bajji et al., 2001) sl gy silo

Cuto 5 Sl oS 0 oaalie ()l jlowi sy 53 Al S8l b (b glomo dlowg 4 @ Judg IS (lgie 29
s ol S gSsl 3,187 45" 00,8 5135 (2018) Aziz etal. qlis ol Gebo (F Jgi) 1le o (ol (55, S 5 )
DS S 5 lize gglaw cod lgnS ol 5 ooy Ulstee 5 it slopSS) Glgzie lS Al g
Jido IS Lials Siss i bl o o a5l b o jlous o0, Kolis] lalS a5 165,8" Lo (2018) El-Bially et al.
D5 i 5 5 Ll 35 o o s 3, Slas gl 31t S5 (eizpan 5 KLB lnodilag & Copus (555
Sb e Sas



Yy w’/}fu‘“‘b’f"' e fodS ol ot beoeiig Slio (B4 g 4l 0, Kloc 4 M/&)}Lu/_‘,&b‘j}&o,u‘b

s5om) Sy 1015 o catzol (slodsl ol 5 oy Jslome (slacsliamg S ale aly JoSlse 3o b J S5
sl 2 5 (S thangth ol5tsd g (SoSolsm (slalid oy T 5l g A8 wlats (StS (5 o O Gl 50 sl 1y ol
FIAYA o VIVYS i) ooy (sloiome (o yioS g (s puol> aalllas p> (Anjun et al., 2012) auS” cladlbre guilis]
L 8l sbro pe 5 oy csylel 5 el SipsSil b 3l Jgbxo 5 20 5 Ll 55 i (5 s 5 2 Jons e
3 (7 Jaiz) aaT o & gl KippgSl ol Jolono b syl o 4y 55 (g 025 il 00 i gl S g5l
Jole w3 2 0 sy ke (Khazaei et al., 2020) cuily calles Jald olS )50 0 (L3 515 b ases oyl
Jioar (2LS ocdl )3 (g @e (FUgir) Cdly GBI (0ad g @) (ol G5 Ll 93 0 o8 sl S psS
5,8kas s & &S azls (ROS) (y3enS] S (cladisS 1 i gwilinnsS] (slocaml plys 3 oot LS 0155 s (sla i
2 a8 15,8 yl55 (2011) Yazdanpanah et al. .(El-Bassiouny et al., 2018) ol S -y 5uunST 00yl S lgisay OT
Sl byl ply ) Cuaglio a5 g 4l il Al oSl s b oy (slgioe goos il L5 Jobo
Lo 51 B 29 e Lo ySg o (Suid (5 ot Kl oo (g bbon dgnt G35 lalpd )3 0l a8 sy 5 S
W Cat ) Jobe (89, Cundy pazen 5 &S clibue oS 36 padeygls bl
2 ol 008 wulal pre 03le S laisdy g 25 oo dBlil Ly yiwl Cod s ywds (pgy 0wl s ((Fang & Xiong, 2015)
(Lin & Chao, 2021) &S o Jos LS

5 8 o (i 4 0l LS a3gigM 5 I8 (slsime gl pmlSpsSsl 5 ookl Slot it I iSilie dunslic
VAYD 5 U 5 oris 5 s S 5,5 Lo V/-0%) dyusl K65l 5,8 o oalS alopo b (ylol Lyl 55 s5g5sds
Sl S8l 3,)l8 pas g ol (Suoy alo po b (g5l baslys 53 o (6875 (155356 5 (39 25 2 (oo 365 25 o
ol 8 Jgr) dol s 4y (1593596 5 (339 .5 2 o 568 25 e 1N 5 B 5 (59 2 sl SIS 5 Lo IVEY)
e sk S5l b 3L S 5 00 siis 6 5 S 8 (slons Sl 8 o ] 3g0a8 5 o8 ol ) S gl
Slao ol e Gl 4 e dlSa sl b (3L Jolore sl 045 2leS (35 cod sl 03l 3500 | badgilio
L b s pe 5 o Sty B (6 l) 55 o & o (S 33gdl6 VAR 5 JS 15 (Slyome SYIVS l5mna)
A5 (Sl S oSl

3 ) OpmelinS Ty J 65k 53 oS it Sleggl slocadlia (S a5 35le siporsl et (slahapus]
elgieo L33l (Quan etal., 2016) 5,5 i85 DNA ool 51 6y sl 5 o 5uuST b (elodisS o33 0pmsj) b yeiig s 325
 Baae ) b (sloisf oo 13 Iyl o 0l s () & ol (im0 IS ol (S5 5 oy ol o 3
25 L lls (Elewa et al., 20178) Slazdls <8 Lt |yuge lsic 4 b bl 51 03litl b suilipusT ] clops 5l 3,
VOIS 10 e |y g S o JS 5 9 S a5igd JS S (sliome (S 5 o8 390008 IS (345
g BB bty 1 53 p )5 e oo e b aal Sy oSl 5,187 g (133 (o0d (g)lul) Al 4 s o3 WY
dp 03p Vb sald 4 Cuns dopd OFIY g FO/F BV a1y JS ol g JS WSgeMe (JS Sl (glgime
.(Gaafar et al., 2020)

S i ¥

ol 53 golas ] SOl a8 0 1S oS jo il 5 Sles ials Llkie 9 S5elgs 38 ol 4 W P u.)lmsw
5l o (Sl (g 5ttungtd (cloojSs) Ao lasdgn Slio 3gs 4 e Al Sy oSl b Gl Jgloeo sl Lyl
bl e blize 3l pae o) e 9018 (6ylol Hlow o 1 13gigMo 5 i (g ol ymg S S (g slgione
el o 3] oxima i 45 4 5 Ll )3 3,80ee (ytal 3] cam ol S ygSa] 3,15 03,Skes i 3 dyuil Syl
31 35081 G5 gl Sl Lials 5 Jslxo



VFeF o900 & lads o lgz 5 oleiy 690 (ol (1)) LS pole Ao \A)4

&be .0

Ahmad, P., Jaleel, C.A., Salem, M.A., Nabi, G., & Sharma, S. (2010). Roles of enzymatic and nonenzymatic
antioxidants in plants during abiotic stress: A review. Critical Review in Biotechnology, 30, 161-175.

Abdelhamid, M.T., Sadak, M.S.H., Schmidhalter, U., & El-Saady, A. (2013). Interactive effects of salinity stress
and nicotinamide on physiological and biochemical parameters of faba bean plant. Acta Biological
Colombiana, 18, 499-510.

Alvarez-Jubete, L., Arendt, E.K., & Gallagher, E. (2010). Nutritive value of pseudo cereals and their increasing
use as functional gluten-free ingredient. Trends in Food and Science Technology, 21, 106-113.

Anjun, S.A., Faroog, M., Xie, X.Y., Liu, XJ., & ljaz, M. (2012). Antioxidant defense system and proline
accumulation enables hot pepper to perform better under drought. Science Horticulture, 140, 66-73.

Askari, E., & Ehsanzadeh, P. (2015). Drought stress mitigation by foliar application of salicylic acid and their
interactive effects on physiological characteristics of fennel (Foeniculum vulgare Mill.) genotypes. Acta
Physiologiae Plantarum, 37, 4-14.

Aziz, A., Akram, N.A., & Ashraf, M. (2018). Influence of natural and synthetic vitamin C (ascorbic acid) on
primary and secondary metabolites and associated metabolism in quinoa (Chenopodium quinoa Wild.) plants
under water deficit regimes. Plant Physiology and Biochemistry, 123, 192-203.

Bajji, M., Lutts, S., & Kinet, J.M. (2001). Water deficit effects on solute contribution to osmotic adjustment as a
function of leaf ageing in three durum wheat (Triticum Desf) cultivars performing differently in arid
conditions. Plant Science, 160, 669-681.

Bakry, A.B., El-Hariri, D.M., Sadak, M.S., & El-Bassioury, M. (2012). Drought stress mitigation by foliar
application of salicylic acid in two linseed varieties grown under newly reclaimed sandy soil. The Journal of
Applied Sciences Research, 8, 3503-3514.

Bascunan-Godoy, L., Reguera, M., Abdel-Tawav, Y.M., & Bljmwald, E. (2016). Water deficit stress-induced
changes in carbon and nitrogen partitioning in Chenopodium quinoa Wild. Planta, 243, 591-603.

Bates, L.S., Waldern, R.P., & Tear, 1.D. (1973). Rapid determination of free proline for water stress studies. Plant
Soil, 39, 205-207.

Bradford, M.M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein dye binding. Analytical Biochemistry, 72, 248-254.

Caser, M., Angiolillo, F., Chitarra, W., Lovisolo, C., Ruffoni, B., Pistelli, L., & Scariot, V. (2018).
Ecophysiological and phytochemical responses of Salvia sinaloensis Fern. to drought stress. Plant Growth
Regulation, 84, 383-394.

Dolatabadian, A., Modarressanavy, S.A.M., & Sadat Asilan, K. (2010). Effect of ascorbic acid foliar application
on yield, yield component and several morphological traits of grain corn under water deficit stress conditions.
Notulae Scientia Biologicae, 2, 45-50.

El-Bassiouny, H.M.S., Abd EI-Monem, A.A., Abdallah, M.M.S., & Soliman, K.M. (2018). Role of
arbusculamycorrhiza, a-tocopherol and icotinamide on the nitrogen containing compounds and adaptation of
sunflower plant to water stress. Bioscience Research, 15, 2068-2088.

El-Bially, M., Saudy, H., & EI-Metwally Shahin, M. (2018). Efficacy of ascorbic acid as a cofactor for alleviating
water deficit impacts and enhancing sunflower yield and irrigation water-use efficiency. Agricultural Water
Management, 208, 132-139.

Elewa, T.A., Sadak, M.Sh., & Saad, A.M. (2017a). Proline treatment improves physiological responses in quinoa
plants under drought stress. Bioscience Research, 14, 21-33.

Elewa, T.A., Sadak, M.Sh., & Dawood, M.G. (2017b). Improving drought tolerance of quinoa plant by foliar
treatment of trehalose. Agricultural Engineering International: CIGR Journal. Special issue, 245-254.

El-Shamy, M.A., Alshaal, T., Hussein, M.H., Rady, A.M.S., Hafez, E.M., Alsohim, A.S., & EI-Moneim, D.A.
(2022). Quinoa response to application of phosphonyls and plant growth-promoting rhizobacteria under water
stress associated with sult-affected soil. Plants, 11, 872.

Farahani, S., Shahsavari, N., & Mohammadi Arasteh, M. (2020). Effect of potassium sulfate on the physiological
characteristics of canola cultivars in late season drought stress conditions. Journal of Plant Nutrition, 43(9),
1217-1228.

Fang, Y., & Xiong, L. (2015). General mechanisms of drought response and their application in drought resistance
improvement in plants. Cellular and Molecular Life Sciences, 72, 673-689.

Gaafar, A.A., Ali, S.1., EI-Shawadfy, M.A., Salama, Z.A., Sekara, A., Ulrichs, Ch., & Abdelhamid, M.T. (2020).
Ascorbic acid induces the increase of secondary metabolites, antioxidant activity, growth and productivity of
the common bean under water stress conditions. Plants, 9, 1-24.

Ganji, M., Farahmandfar, E., Shahbazi, M., & Zahravi, M. (2016). Biochemical characterization and grain yield
of selected genotypes of wild barley (Hordum vulgar ssp. Spontaneum) different levels of drought stress.
Journal of Plant Process and Function, 5(15), 75-90.



AT w’/}fu‘“‘b’f“’ e fodS ol ot beoeiig Slio (B4 g 4l 0, Kloc 4 M/&)}Lu/_‘,&bgj}&o,u‘b

Gholami, Sh., Amini Dehaghi, M., Rezazadeh, A., & Naji, A.M. (2021). Seed germination and physiological
responses of quinoa to selenium priming under drought stress. Bragantia, Campinas, 81, 1-16.

Ghotbzadeh Kermani, S., Saeidi, Gh., Sabzalian, M.R., & Gianinetti, A. (2019). Drought stress influenced sesamin
and sisamolin content and polyphenolic components in sesame (Sesamum indicum L.) populations with
contrasting seed coat colors. Food Chemistry, 289, 360-368.

Ghosh, U.K., Islam, M.N., Siddiqui, M.N., & Khan, M.A.R. (2021). Understanding the roles of osmolytes for
acclimatizing plants to changing environment: A review of potential mechanism. Plant Signaling and
Behavior, 16(8), 1-15.

Gill, S.S., & Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in
crop plants. Plant Phsiology and Biochmistry, 48, 909-930.

Hafez, E.M., & Gharib, H.S. (2016). Effect of exogenous application of ascorbic acid on physiological and
biochemical characteristics of wheat under water stress. International Journal of Plant Production, 10(4),
579-596.

Kapoor, D., Bhardwaj, S., Landi, M., Sharma, A., Ramakrishnan, M., & Sharma, A. (2020) The impact of drought
in plant metabolism: How to exploit tolerance mechanisms to increase crop production. Applied Science,
10(16), 1-19.

Keles, Y., & Oncel, I. (2004). Growth and solute composition on two wheat species experiencing combined
influence of stress conditions. Russian Journal of Plant Physiology, 51, 203-208.

Khazaei, Z., Esmaielpour, B., & Estati, A. (2020). Ameliorative effects of ascorbic acid on tolerance to drought
stress on pepper (Capsicum annuum L.) plants. Physiology and Molecular Biology of Plants, 26(8), 1649-
1662.

Lin, P.H., & Chao, Y.Y. (2021). Different drought-tolerant mechanisms in quinoa (Chenopodium quinoa Willd.)
and djulis (Chenopodium formosanum Koidz.) based on physiological analysis. Plants, 10, 1-15.

Lichtenthaler, H.K., & Wellburn, A.R. (1985). Determination of total carotenoids and chlorophylls a and b of leaf
in different solvents. Biochemical Society Transactions, 11, 591-592.

Mahdavi Rad, S., Yousefi Rad, M., & Sharif Moghadam, M. (2022). Physiological and morphological
characteristics of drought-stressed Chenopodium quinoa Willd, as affected by proline and ascorbic acid.
Communications in Soil Scieence and Plant Analysis, 53(1), 1-9.

Naz, H., Akram, N.A., & Ashraf, M. (2016). Impact of ascorbic acid on growth and some physiological attributes
of cucumber (Cucumis sativus) plants under water-deficit conditions. Pakistan Journal of Botany, 48, 877-
883.

Quan, N., Anh, L.A., Khang, D., et al. (2016). Involvement of secondary metabolites in response to drought stress
of rice (Oryza sativa L.). Agriculture, 6(2), 1-14.

Razzag, M., Akram, N.A., Ashraf, M., Nazz, H., & Al-Quraini, M. (2017). Interactive effect of drought and
nitrogen on growth, some key physiological attributes and oxidative defense system in carrot (Daucus carota
L.) plants. Scientia Horticulturae, 225, 373-379.

Rigano, D., Sirignano, C., & Taglialatela-Scafati, O. (2017). The potential of natural products for targeting PPARa..
Acta Pharmaceutica Sinica B, 7, 427-438.

Ritchie, S.W., & Nguyen, H.T. (1990). Leaf water content and gas exchange parameters of two wheat genotypes
differing in drought resistance. Crop Science, 30, 105-111.

Rong-Hua, L., Pei-Guo, G., Baum, M., Grando, S., & Ceccarelli, S. (2006). Evaluation of chlorophyll content and
fluorescence parameters as indicators of drought tolerance in barley. Agricultural Sciences in China, 5, 751-
757.

Sharma, P., Jha, A.B., Dubey, R.S., & Pessarakli, M. (2012). Reactive oxygen species, oxidative damage and
antioxidative defense mechanism in plants under stressful conditions. Journal of Botany, 1-26.

Smirnoff, N., & Wheeler G.L. (2000). Ascorbic acid in plants: Biosynthesis and function. Critical Reviews in
Biochemistry and Molecular Biology, 35(4), 291-314.

Yazdanpanah, S., Baghizadeh, A., & Abbasi, F. (2011). The interaction between drought stress and ascorbic acids
on some biochemical characteristics of Satureja hortensis. African Journal of Agricultural Research, 6(4),
798-807.



