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Extended abstract

Introduction

Abiotic environmental stresses such as drought and salinity are important factors in reducing crop yield
in many parts of the world (Muscolo et al., 2016). Water scarcity is the most important factor in reducing
the production of crops in arid areas. Therefore, it is necessary to pay attention to the sustainable use of
water resources, especially in arid and semi-arid regions (Dabhi et al., 2013; Samadzadeh et al., 2020).
Introducing new drought-tolerant crops is the main strategy for sustainable crop production in arid
regions (Samadzadeh et al., 2020). Besides, deficit irrigation and foliar application of osmolyte
compounds such as glycine betaine can be considered to reduce the effect of drought stress on plant
growth and yield (Fallahi et al., 2015; Tian et al., 2017).

Materials and methods

In this experiment, the effects of water availability and foliar application of glycine betaine (GB) were
studied on the growth and yield of quinoa. The experiment was carried out as factorial based on a
complete randomized block design with three replicates in Sarayan, south Khorasan province, Iran.
Experimental factors were (1) irrigation management regimes (irrigation after 70, 140, and 210 mm pan
evaporation) and (2) GB foliar application (0 zero or distilled water and 150 mg. 17).

Results and discussion

There were no significant differences between irrigation levels in terms of many vegetative and
reproductive parameters such as plant height, plant dry weight, number of panicles per plant, panicle
length, and its dry weight. An increase in water stress severity caused a reduction in biological yield and
1000-grain weight, but seed yield did not decrease. GB application increased the values of plant dry
weight, biological yield, chlorophyll index (SPAD), and the number of panicles per plant, while reduced
reducing seed yield. Interaction results of experimental factors revealed that the highest biological yield
(2533.3 kg ha?) was obtained by GB and irrigation after 70 mm pan evaporation, while the lowest value
(1433.3 kg ha) was gained by the no-GB and 210 mm pan evaporation. The highest seed yield values
were obtained by 70 and 210 mm pan evaporation (250.7 and 245.4 kg ha, respectively) combined with
the no-GB application. In general, due to the scarcity of water resources in arid areas, quinoa irrigation
after 210 mm pan evaporation can be recommended.
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Conclusion

Quinoa had an acceptable resistance to drought stress. Seed yield in this experiment was much lower
than the plant's genetic potential, which could be due to improper planting date and density. Therefore,
research on other quinoa cultivars, other planting dates, and foliar application of glycine-betaine at
other concentrations and times can complement the results of the present experiment.
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‘5-‘5‘) @h: 38 GJ:,J:..«Q.%.&JJ

N Environmental Stresses in Crop Sciences
A VET Ol (93 ol (b Lo W

http://dx.doi.org/10.22077/escs.2022.4597.2046

i g 31 4/lio

st 5 Jshoe 56 o (ST Ll 53 T3 gy i o
T Sldoy Lo yjinon s T (509000 ol st T (g 0 (19208 ungeo T (M L s i )5 iy

iy o310 sl 29SS  caslibians 0,5 soleciisn giae )

iy olStils (65 )linS 0uSitils ( (BLS S g Syl (qwdige 095 alecais gae Y

2y ol ((65)5LaS 0uSails ( hana (glo s 5 olS (Laagl 09,5 Y

Seen (gui9,8 oKl (55 )slaS 0aSLAlS «(555)5iSTg ST 09,5 (g i ol ¥

ouS> o laxie
4 Sl Gblo jo (£l)) OYgame jlul adgi laaiy 35 5 (SO plgied (Kb 4 pglio wuz (LS 5o sl sloojl

Gy NS B o byl 30 (65lT calido LSy 4 lgiuS 8 )Slos g iy gewly GulosT ()l 30 T o0 slois o

©ygoas AP Jlu 50 Sulosl cd)F S5 w0590 (i & 0uidS S5 5le Cadganl Sy glgisay (il S
o) 3l slom 3y Jol 5955 (T 50 45 Wl 12 51,85 auw b (ol JolS' soSols 5k asly » Joyps &ils 8 Slos
(ia oT) ol ol sl (3 Jobonn 39 153516 3 (s S 5 yinalan V1o 5 1P+ Ve s 5 g s oS
o Bl Gl W5 158 (39 5 Safglam O pNhes (Sl (T Gad al3dl b og [ p e Sl 100 R

L (SoJglgn oS as g SUS 0j9 polie s il B pae Slw Gls als 4ils o Sles
oot i s Jlie S gl sl 2 ks 3l 3y Shos blS g (g 31 ial331 15 JaSily Slasi 5 g 15
ot 5kl P (iliy S G pne (s 5 slod 51 S 33 0,5 9LS YATYIY oyl ) Sy alpns 35 koe
OBLS 53 LS 55 59 LS VEPYIY (l5a0 4 05 (a5 (ol jlado o yieS g wd ool yiacclao Vo s i
a4 el S 1 yaccloo YV puied 51 oy 6ol Jlael g coilis S b (S5 Jpbne e o &y Blaie
Soulid 3l i o o Yo g Ve (gl s Lo 50 il 0 ,Shoe oy pidions Gl (G030 VY Ligled )53l a5 vl Cawd
ey b Jolo ity U G pan pas byl p 53 (LS 33 0,5 5LS YROIF 5 Y041V o ) o
SR 1 e s TV jasd 51 o 19 (6l sl (St bl 55 OT ilin 392aS 5 alosT 31 ool s

sy 0 8 &4 anilin i

el o &yl

A ZIINA AN
oSy b
VFee/NN/YY

s w6

VoY i
12(Y): YYY-YFY

doddo

5 ol Sooiny @l 3l agye Sdlon a4 uly 5o ohasa:
ol 08,5 slou 1) Sl SIS0 (o8l s ods0y £48g 5
el ools lis 1) 095 ps5a 3l sla Jlu )8 £5590 o)
ool gl Jo5 aig, b olel glacats 151456, 5bay
L .(Razavi and Davari, 2014) sloas a>lge ey
o5 390 o0 (st LIS O Cumez Al (85 LA )
oolaiwl Cyz oY &l Sy Slagaed plexil pase & g0 4o
O3B 90 plaizas sl jo (ol vgmge pilie 5 sl S

Razavi) s aalys 35290 sbajles sl 1325

OB e Jolse 51 (598 9 (St isle 0 (sl s
Muscolo et al., ) anl o jleis & 2ly; (LS o Slas
Jole op ol flaeas ol Sz bl 4o 2016
20 9 d9dee wgmie (2ly; Sladg eaiiSogace
s 51 oslizsl LIS T3l g ool ol 51 a5 sslicul
bl cnl )3 (65)5laS pglas o Cuddge wlS (ol Bgaee

2003; Dabhi et al., 2013;) <l

4 o yiwd olie 2alS (Samadzadeh et al., 2020
Olplabex il ol hleS sla ;588" 51 (5 ke o Sl wlie

Zhang,

Mghorbany@birjand.ac.ir : g xSl o . 5bF oai o 955l 0 55 *




VEeY ol OF sy el pole o e sl i

YYys

Triticum ) po5 «Kakhaki and Sepehri, 2010
Zea) <,5 (Shayannezhad, 2011) (aestivum L.
Hordeum ) o> 4 (Karimi et al., 2010) (mays L.
5,55 (Ramezani Etedali et al., 2009) (vulgare L.
Ll 0aus
380ee g ady » g)leleS Il Sl ctagyy 5
Fashe Vo 3y55 5 p5us 45 ab (SIS 5 (owyn IS
3090 ol pl yo il adg gl (S g ol mhaw 5D
)5 (Talebnejad and Sepaskhah, 2015) ..l
TYA TS (b 5,5 4 lop ol ) 5,0
s wg Cpmle Oliae 5392 Ja oo 2 LS 50 051
Ol 5o og o)l g ady; w5l e (SAS S o
Ssleel Sl 5o e o Glies 5o (RalS ao o Ve gl
Wi dld o Slee gao,e Y als cel Lo Ll
Sl plas (aol38l s, VY 0T B pas (saiedge a5 Jl> o
@l s swlas 6)loleS 4 o)Ll ab) uizes
I oS lal Al el e ralS a5 s skoay
L5 (o 2l Gl y0 g00)0 00 22l JolS (5]
S e ) A el e
swlesl ,o (Talebnejad and Sepaskhah, 2015)
lgS oS o o)loleS Il Slails ,a8 jo (5,500

0595wy g Brae oS AT 0l (3155 g om0

S y0

Oa g (i 5 CoS el s (g Spae 2
ails o ,Slee ((Razzaghi et al., 2012) cuslas oy s
-5 Glp s Y Sl kel lp el S 5
5 Ska g Sl Sy o 335 S 0 YN (5l
O,Sles (6,10 Sro b g o5 ke 4y St 1S Jg conl
,» [(Razzaghi et al., 2012) sls ol |, S540am
Xy QT}‘&.!.? g Al b i Jole 6,00 Lk
Ol (S G5 4 lginS 0l Jolhe il aloz |
On Sl o ‘;Jg VY 5l S s e yo oS J> ol
ool yo aid evalie WS G)LHT ) kS)L,.J.Trﬁ_f b les
Lylps o LSe 1o (F VB VY o lgiS o Slos ¢ yidgh
6)Lr.-?—‘ 6‘)? ﬁ}y ‘7’—‘ )Lﬁ" aal °ﬁ)L§ L LS 9 6)93105

(Geerts et al., 2008b) aal cews 4 JolS

oolaxul B oyls &y9,8 onlpls «and Davari, 2014
Sitddard 5 Stz 3blie 0 ohsar ol glis 3l 5l
ol 53 NSl oISl 5l oS 18 azgisjse 08
S (S 4 pglie wax GlalS (Byxe 4 plgoe 390
O wle Cedganl DloS 5l eslial 5505 (5L
555 ol el
shoas luld b aslgoed (5 oS 5l )l
B el p3¥ cpl plo S o 6,85k oty daixs
Cor M kB S LRle el plelS el
oo ) Wl e aslusls :.}*"‘9‘ CRUSTROR Y
Chenopodium) 1.5 Jazo LS ol 51 S ols 18
odlgl a4 &S il

Obws >zl (quinoa

Cwglin yos ol pl o)y 3l (Amaranthaceae)
sebul Jolge 5 5 9% 5 (i wile plo i 4 el
ool Jloy95 5 58 2L (2le Byl 5l oelll g S
Jea=s (Geerts et al., 2008; Muscolo et al., 2016)
00,3 V8 ol Tagas a5 el o] slaails lgnS Lol
5 etge sl slaanalagal 5l Vb olie b (o5
O rpke (Abugoch et al., 2009) aiil co i
S8 Jels olS ol jo (Sis 4 Joow sbapunilSe
Geerts)wlpfmgfﬁclweao):ﬂi Al o S
ol 4 a=g L (et al., 2008; Razzaghi et al., 2012
Slllas gl ool 435 198 ooy oo S5 4 o)lge
2l g )leleS @ by
2 2l Gras sileany slagby, 5 o sskeles
FS (5lade 4y ely5 olS 1 o aS col ely; sla e
;o (Akbari Nodehi, 2011) 545 o 6)L:.J u’_ﬂ 5L !
Wl 35y ol il 4w yiws Cudgaze a5 bl
axly o il 4 adgs bl slra (gl o55leS San
2 sl 4 Gals aslys il 5l 4 (2S5 (e
porie g2 yolo Jl ) i (e 1 a3l (B pae T 0oy
a1y, Gljl 0 Lalls ael o b o Slee s 'Ol (5 50 40
Fereres ) 05 oo oS (5,055 s by 50 (bpae o
595G (and Soriano, 2007; Fallahi et al., 2015
silizee LS o i sl cuS g ciS ) e
Karimi ) (Helianthus annuus L.) Qla)fb.;l;.ﬂ Jusle

! Water productivity



v s mdIS 3l Jslre il o oy LaTeS Ll 55 198 wlgh om0 S 5 53

o Sais Gl e Voo sl e ol
ot Golel 5 (s (i 397y pas) wals jlaws (lsicay
C A e SEAS ) e e VY g Ve 5
S (SaS ol 15 g mdle (55 sl e lgieay
359 i siashy szl o)90 (b )s lawgie jsba iles]
sl 50 55kl Jolgd ol plis 052 55, o fahee V¢
A yuied S e dee YV g VF e Ve e 4y 5
oolaiwls jge Jolows e 090 59, YV 9 V(Y 0g0 o5 5
2 5 00 dgas il eedS s SIS e 0
oo 2 53 55 53 0 S VO L Jolas 2 5 0.5 sleo 10
Sug e 3 (il e (AL Jslore 09r (AL Jslone
39y 00 0 Jolgd b (Fp P alpe 5D ol Jad (b o
Be g Fe Ve dg0 0 cudf @ aS 8 Oye (LSS
205 Jlael 25 51 i,
UL.@}.@} 9 ‘;»L.M:l}b ‘_ngolo aQ .]ayfo ULC)'UG‘
2 Gl szl doe S plears 5 (Kb
Titicaca o3, 5l solatul b oleciaigu sl dss jo ol cusls
S99 0o Jol bgyesie dn Colis 4 olas S o
P ae Ve oS5 e tle Vo5 B0 G 4 i,
Sl by el g azg bos Jols (S uf a0
P I5S pegad )5 eghy gl pil Aegh (BdoS
Ll ps 5o olS (nl Cslas 0515 g (9 Olul > bl
Doy, oldiz Gudiow gl b sl S solddl
o515 bl )b g o8 4 ates (s slaialesl yo Iy
(Samadzadeh et al., 2020) 515 5 5 o3, sl 459 7+
NSRCQL 8, lp mpmye o g Vor oS5 s
&l iz o edBl Lyl 5 o (Mostafaei et al., 2018)
Sl 6)5)..0 )..u FRY UJ‘ ;é A Al W}L.A cL; ‘J"“
Gg o515 pals Koo LYo 5l S el ol oS
o ookl b (Lhbew) Ol JssS &S 09 ooyl ol yo
5 8,8 O sl o (e 0 VO cdale b g Jlgd
sl s o 8l ol Ol ol ais &dly Jige laus
o oy Slaslin ;o Folas ol g 09y aslie ccalise
e SIS 3] 3 LS I 5L s (sl 3,55 sl
CgSy Hebas e ,S soled jo ald 065 LS o 5 Ve

Sl Cez oleleS Cupae gzl Lulis o
slaniS Gl ol enlp Gmals 5l a6 ols
! s (S 3k Jolonn sl (5525 (2 e
Lalys o a8 col glacadsenl aloz il oS5l oges
Habib ) 552 o oLS Cosglio 33l corgo Sis i3
5 Fiwgid 0l basl coge oole ol (et al, 2012
(Tian et al., 2017) sgd o b iy, Lsls Lo
W5y 0gn p il eaadE Bras Sote SIS (eSL
Lo asle ik (oS plinsipns Sluogas 5o Slae
Osman and ) ;. Loyl (Manaf, 2016) Lleix
Aldesuquy et al., 2012; Tian) paS 4 (Salim, 2016
eyl i e sl i Lulus o (et al., 2017
el 00
L oS j5i5 Kideas 5 Sid 3hlia s 1S oS
4 Algiee wies axlpe (S 5 5)9d slagi
D929l aBb ol); laplliipg 4 (B Cuz (oolio
7 Sl (sl (2,5 (221 o O] bl annsgi 5l L3
=y alize slajls 5 5 alitee (g y5 olS al g
Gedy90 sole glagiagsy 5o obS o 5L alexsl ()]
o)l s gl Giegn o coell Gl oS 1
Ol bl ool Ll b olS cnl )85l oliee
oS il slaws, po ol oSlee 5 ok Fol s>
5 ol e (2B Bras il oo (gL

1) 9 Olgo

Grae 5 okl e Glaw, S Ghegh ol o
ol Ll 5o 1giS o Shoe 9 0y el e
9 M 2 2o ol gl o @ly (bl ls eed
2 ilejl jskaie (nl sl ol (g ) » VAP Lo (liuss
@ iy Ghl 65,0leS eaSails Slisdos as) e
Jo,9586 & jgots 55 de (ialejl .o | o] (aix o olKslo
S 08 1yl 5 a b ok JolS oS5k oo il
Ve 3l o il olel slapsy sl Sl ol 5o
~Jsle pgs )5S 5 (e STl e e VY- 5 VY
P ek 100 5 Ghaie ) jaol il S 5L
o Sl 2 skl e slaes, el og [
Geerts et al., 2008b; ) 1S oLS L los o ole mlie
(Talebnejad and Sepaskhah, 2015



VP ol OF alr el pole o e sl i

YYA

ooliiwl b g g Lt & ygots g Lol ils anlol o, Juad

&bl Cugs o 5 & rae Sl Gliee 285 & 90 (yghens
A i HESe 0 S e B0 0 dgu>

PSS 58 5 slbedale Copoe lp g a8 Bpae
Jlesl .ol oolaiwl siws crazg 5l 20l 5 4y 89,5 al> 10
SLL b s ad g9,8 (S lez doye 5l soleloS o jlas

IgouS oy 0390 Jgb 30 i lojl ddiluio owliislgh gboosls ) Jgu
Table 1. Monthly rainfall and temperature during quinoa growing season

S

090 eyl Sl o 313 yo 399y o
April May June July August September October
e Cagby bwgio 300 3856 1819 1819 17.91 16.14 12.5
Average relative humidity (%)
SHLER 4y a7 0 0 0 0 0.01

Total rainfall (mm)

Lo Sla> 0405 2731 3549 3549 3687 3393 26.07
Max. temperature (°C)

ks Bla> 15 1492 2089 2089 2233  17.12  11.18

Min. temperature (°C)

oelesl syl oo S ooleanls 9 (S 528 Sloguas ¥ Jgoz

Table 2. Soil physical and chemical characteristics of experimental site

Soil T D) o Sl S Organic g5 O Ad el ool P S$9)

texture  Silt Clay Sand EC pH carbon  Total N  Paw Kava Fe Mn Zn
% dSm?! % ppm------ mg.kg!

Sandy 316 154 54 256 7.85 0032 106 248 38 31 042
Loam

P e g el e e oldae 5 olys olys Sl g

Na Cu B Ca Mg SAR Cl COs HCOs CaCos CaSos TDS
meq.I"! —mgkgl—- e meq.I"----- meq.1"! %

13.5 035 049 7 3.8 5.5 7.5 0 6.2 19.5 - 1638

SAS J58ls 5 5l eolatnl b iolej] mls Julosas o0
S5 4 5 SlaieSiles angliie § 38,5 )00 AV S

L85 O ygo oy O Jlisl mlaw 0 LSD g0

gy iy g by U pas L
S g ol DS Bran 5 ol w5, ilise il
3 Ol GredS B pae (V) Jouz) 05 o gme Jedg 1S
08 Jebs IS (ol Gl el (S5 oMo 5
Sar 5 oS claadly b gsdge ol () USE)
Syl Slgen 1318 oL o (Kadkhodaie et al., 2014)
ol Bl coge il G A 05 o ools Jleis!

5 J39,05 055 5l g el S 0 S eole iy (3l

ity oy awlgl) olS o, el 5l o ole g0 Sga>

&5 2 53 (SPAD) s IS sl (oo 5 das 0 oS
Sga el (ul (28,5 18 Gloiws g0 alflaz sl
@Y oS 5 (ol S Ve o el 5l ey 59y 2
-5y 5l (Wog a8l dnwgs ST 2 (n Sz 55 o5 ol
Fad 0L 5o a8 6T Kb G 9 e OS5 Slo
S g O 2l (CB Gl G o) Ve sgae) wd,
ale (ialy 5 (ohagy Slio g ab clsy Bolas jsba
Jsb @ig 52 50 JoSily slass &gy SaS ()9 g £l
SxSoslal als jla 059 9 JsSSb 09 bawse (JsSSL
0 Colan) O a0 ewle il oty plo A
95 Sielam 0 Shee gl 5 Shos (5 T o3l (sl (&0
a8 5 18 oolatwls jge oLS sy asli diwle jus



Yva OBta a8 ok Jglore ),...L U S Vo1 P P [ PETU W % S LN N A C OV P

et e Ll )5 (K55 Wad 5 5 A5 pas
G 50 155 S 8ol Ghals () 52 o ol
dlie ;5 ((£l)5 byl 0oyd A (ugb; add50) o
3T ks b59) Lo 5 o (K25 55 o L
OLBes 5 Sl5cn et bawgs (£l); Cdb wsys PO

Gl 00 5,155 5. (Shirinnezhad et al., 2019)

Gl T deliy o5 0 g0 Zuailon Db IS 5T 2llad
Miri and Zamani-) <ol o5 L35, lgime
2 kel dlise slagss, ow (Moghaddam, 2015
3] 5 3isine S35 s IS e s Ll
el oS 5 opl Bras g Sl v92g Jd9)lS el
o= Gl Gl ASlae edle (S (A e o

ghaS 0 Shos sl32l g 8 Shos Mgy ooy 32 ills S B o 3 6)lrl 025y 51 & bgrpo Silas po puSileo ¥ Jgur
Table 3. Mean squares of irrigation management and glycine betaine (GB) on vegetative growth parameters, yield and
yield components of quinoa.
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,.g.w.va LAJT o *k *%
R G 2 259.67 18.37™ 57.71 243887.8 145.44 10.95™
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Fig. 2. Effect of irrigation management and glycine
betaine spraying on quinoa biological yield. Means
followed by at least one similar letter have no significant
difference at 5% level of probability.
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Fig. 1. Effect of irrigation management and glycine
betaine spraying on chlorophyll index (SPAD) in quinoa.

Means followed by at least one similar letter have no
significant difference at 5% level of probability
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Table 2. Mean comparison of irrigation management and glycine betaine (GB) on vegetative

growth of quinoa
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In each column and for each factor, means followed by at least one similar letter have no significant

difference at 5% level of probability.
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Fig 3. Effect irrigation management and glycine betaine
spraying on number of panicle in quinoa. Means
followed by at least one similar letter have no significant
difference at 5% level of probability.
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Table 5. Mean comparison for simple effects of irrigation management and glycine betaine (GB) on

reproductive growth of quinoa
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In each column and for each factor, means followed by at least one similar letter have no significant difference at

5% level of probability
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Fig. 4. Effect of irrigation intervals and glycine betaine
spraying on 1000-grain weight in quinoa. Means

followed by at least one similar letter have no significant
difference at 5% level of probability
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Fig 6. Effect of irrigation intervals and glycine betaine
spraying on quinoa harvest index. Means followed by at
least one similar letter have no significant difference at
5% level of probability.
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Fig 5. Effect of irrigation intervals and glycine betaine
spraying on quinoa seed yield. Means followed by at least

one similar letter have no significant difference at 5%
level of probability
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