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Table 1- Average rainfall in the months of 2020-2021 and 2021-2022

Sk olime
Rainfall (ml)
olo 1¥a3-1f.. 1Fee—1Fe)
Months 2020-2021 2021-2022
ols > 15 0
June
5 0 0
July
3ls 5o 0 0
August
IRAS 0 0
September
Ao 26.5 255
October
o4 19.6 0
November

(o il o=F+ og) S oloonid 9 (55 S T 9 @i -F Joux
Table 2- The results of physical and chemical properties of soil (0-60 cm depth)

Results of soil analysis S a4 jox5' g0 LS

SB Slasie 1¥aq-1F.. VP10
Soil characteristics 2020-2021 2021-2022
Sk cdl e e
Soil Pattern Sandy Loam Sandy Loam
o 69 71
Sand (%)
o) 13 12
Clay (%)
S 18 17
Silt (%)
SL STy 7.7 7.9
pH
s eyl 1.98 1.91
EC(dS.m?)
by 255 250
K (mg/Kg)
Shd 7.9 8.1
P (mg/Kg)
TN 0.07 0.08

Total N (%)
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Table 3- Analysis of variance of agronomy, biochemical and physiological traits of quinoa plant under three levels of irrigation

treatments and two levels of glycine betaine in two years

Mean squares lx po (1Sl

égu.o a0 J.ljg],.u é)SJ.o.C alo JJS.Ln.G M‘eﬁ ua:Lm U‘““’)": JSJ.J
S.0.V d.fgol31  Biological yield Seed yield Harvestindex  Proline  Total phenol
J
1 78.88™ 3.85™ 0.01" 0.03™ 0.006™
Year
1.5 (b
A () 4 893.77 48.59 0.54 0.02 0.02
Rep. (Y)
ol ) 418429.20° 26262.69** 9.2 23.12%°  11.84°°
Irrigation treatment
Lo X g,lol e
Jue X sl e 2 186.27" 2.56" 0.16™ 0.02* 0.01"
Y x|
(IKe Lol s (e
X sl e (J) 8 607.20 68.18 0.25 0.004 0.006
Rep. x 1 (Y)
ij._. g;:-‘“iyf o e s Y
1 156069.44 11473.82 3.35™ 3.35 2.06

Glycine Betaine
okl s X 3k DS

2 19379.32™ 1832.19%* 1.06™ 1.87%* 0.29**

I x GB
Lo X 5l o W #
J o o 1 372.73™ 10.72™ 0.15" 0.003™ 0.04°

Y x GB

Lo X g kol jled X by S
J S e T o e 2 186.09™ 5.05™ 0.01" 0.002"™ 0.009™
Y x| x GB

Error U.s 12 879.88 60.01 0.73 0.02 0.007

Aoy ) 50 Jloisl mda jo Jls pee s 5 4y

Ns: non-significant and * and **: significant at 0.05 and 0.01 levels, respectively.

s g 5 0 Jae 8 NS

Jbo 90 33 iy Crmmns S elans 9 9 (63l Hlond ¥ i 1giuS 0LS S 59990 58 3 (2 bnounibigns (o215 Sl uils sl 4325 - Jgur aalol
Continued table 3- Analysis of variance of agronomy, biochemical and physiological traits of quinoa plant under three levels of

irrigation treatments and two levels of glycine betaine in two years

Mean squares <l o il

&b 4y JSadgidl VB myT ol yeSul mpl w5 b by T
S.0.V &7 Total Catalase oS SlasST s
flavonoid .
d.f Ascorbate Peroxidase Poly phenol
peroxidase oxidase
Ju 1 0.00007" 0.001"™ 0.0004" 0.003™ 0.000004"
Year
LS5 (L) 4 0.01 0.004 0.001 0.02 0.004
Rep. (Y)
bl e 2 0.54%* 2.38% 5.84%* 5.72%* 2.81%
Irrigation treatment
Jlo x oLl s 2 0.0005"™ 0.002™ 0.0002" 0.008™ 0.000003"
Y x|
S5 % oyl ks (JWo) 8 0.005 0.004 0.001 0.005 0.004
Rep. x 1 (Y)
O8Ls S 1 0.28** 1.25% 0.32%* 6.96%* 0.60**
Glycine Betaine
Solel Jlewd X ol oM 2 0.03** 1.52% 0.60%* 0.12%* 0.03**
I x GB
Jlo X by 1 0.0001" 0.000002"™ 0.0001" 0.007"™ 0.000001"
Y x GB
Jlo X o)l Jlas X 8l S 2 0.00004"™ 0.000003"™ 0.0002" 0.004"™ 0.000005"
Y x| x GB
Error W 12 0.001 0.005 0.001 0.009 0.003

o) 50 Jlasl e jo o e oS i 4
Ns: non-significant and * and **: significant at 0.05 and 0.01 levels, respectively.

S g % g 0 S e NS
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Table 4- Mean comparison of irrigation treatment and glycine betaine interaction on proline and total phenol and flavonoid contents

in quinoa plant

odon J5 s JS asgigis
Proline Total phenol Total flavonoid
&bl sles OBy NS
(nmol/g FW) (mg GA/g FW) (mg Q/g FW)
Irrigation treatments Glycine betaine
JolS (S, al> 1o b ookl o5 pase
I . o 4.388° 4.448° 0.948f
Irrigation to the full maturity stage Non-application
>,8
. 4.114f 5.254¢ 1.207¢
application
oS al> o 9,0 b (gL 3,8 pas
o I . T 6.469° 6.550° 1.467°
Irrigation to the beginning of the flowering stage Non-application
>,8
o 7.524° 6.998° 1.5332
application
> al> 56 gyl
S o &9 S GOk sp)lS pas

irrigation to the beginning of the development L 4.965¢ 5.295¢ 1.143¢
stage Non-application

s> ,8

application

5.963¢ 5.481° 1.350°¢

5105 2,0 0 Jlaol s ;0 LSD (5051 ool 31 (5,10 sime gl ot S e By o gl JBlas a8 SlanSile cio p2 sl
Means with a same letter are not significantly different at 5% level of probability according to the LSD test.

oL Gt b Bl (3l Jslone Sl asllla 5o
5 e 5 (6 lal Ll 50 (g (slgiome Ll Bl
3w, VY g VEIVY e a0 opdg s (lgsome ol apas
sl b asa s 5 @dle o (i bl cod od 5
b dslre pas b awslie ;o (5L (e L GlalS
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Oz eR WS (o0 Jos (sl 0ailS il S5 plgie 4 Lo
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Table S- Mean comparison of irrigation treatment and glycine betaine interaction on antioxidant enzymes activity in quinoa plant
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Table 6- Mean comparison of irrigation treatment and glycine betaine interaction on biological and seed yield in quinoa plant
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Table 7- Mean comparison for harvest index of quinoa plant in different irrigation treatments
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Abstract

Introduction: Quinoa (Chenopodium quinoa Wild.) is a pseudocereal that is one of the oldest crops
in the Americas and a native plant in the Andes region. Compared to other grains, quinoa has more
protein and a more balanced amino acid composition with 8-5% lysine and 1.5-2.4% methionine.
Drought, heat, salinity, etc. are types of abiotic stresses that reduce plant growth and cause a sharp
drop in crop yield due to various changes at the physiological, morphological, and molecular levels.
In addition, drought stress may cause the production of reactive oxygen species in plants, which
damage lipid and protein structures and cause the cell membrane to lose permeability and selectivity.
Leakage of intracellular ions leads to disturbance in metabolism, chloroplast decomposition, and
reduction of chlorophyll content.

Glycine betaine not only acts as an osmotic regulator but also stabilizes the structure and activity of
enzymes and protein complexes and maintains the integrity of membranes against the damaging
effects of drought. Glycine betaine treatment increases the growth, survival, and tolerance of plants
to different stress conditions by regulating different metabolic processes, improving the rate of
absorption of pure CO2, maintaining proteins, enzymes, and lipids of the photosynthetic apparatus,
and maintaining the flow of electrons through thylakoid membranes.

This research was conducted to investigate the effect of glycine betaine foliar application on
agronomic, biochemical, and physiological traits of quinoa under water stress conditions.

Materials and Methods: The experiment of split plots based on randomized complete blocks design
with three replications was performed at the station of Research in the 2020-2021 and 2021-2022 crop
years, Agriculture and Natural Resources Center in Kerman province of Iran. The main factor
included three levels of irrigation treatment (irrigation to the full maturity stage (control), irrigation
to the beginning of the flowering stage, and irrigation to the beginning of the development stage) and
the secondary factor included two levels of glycine betaine (0 and 3 mM). Biological and seed yields
and harvest index, biochemical traits including proline and total phenol and flavonoid contents, and
physiological traits including the activity of antioxidant enzymes such as catalase, ascorbate
peroxidase, peroxidase, and polyphenol oxidase were measured. Variance analysis of all traits and
LSD mean comparison test at five percent level was conducted with SAS software version 9.2.
Results and Discussion: The effect of irrigation factor and glycine betaine and their interaction effect
on the most measured traits were significant. The highest biological and seed yields were observed in
control condition and the application of glycine betaine. The lowest of them were in plants grown
under irrigation condition to the beginning of the flowering stage and non-application of glycine
betaine. Water stress was increased the content of proline and total phenol and flavonoid and the
activity of antioxidant enzymes in both level of glycine betaine. The foliar application of glycine
betaine caused an increase in the biological and seed yields and biochemical and physiological traits
at all three irrigation conditions.

Conclusion: Under water stress conditions at both glycine betaine levels, the biological and seed
yields decreased while the biochemical and physiological traits increased. These results show that the
quinoa plant responds to water stress with enzymatic and non-enzymatic defense systems. The
application of glycine betaine led to the improvement of biological and seed yields and biochemical
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and physiological traits in all three irrigation treatments. So, glycine betaine can be used to
compensate for the harmful effects of water stress in quinoa.
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