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Table 1- Characteristics of cultivars used in this research
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Cultivar Source Characteristics
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Chile Medium, suitable for spring and neutral day cultivation
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Chile Medium, suitable for spring and neutral day cultivation
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Figure 1- Mean comparison of leaf area index under the influence of drought stress and cultivar (a) and drought stress and priming (b)
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Table 4- Analysis of variance of traits measured in quinoa under drought stress, cultivar and priming

ax o Lo als slasy Slasi 039
sk @3 o Slos o ' S JsSwily yo JSSL ol i
\S,erjigct?oo,f Degrees als Sy I a5 Jedoyls Number W 0 &ls RT3
from Seed yield Leaf  Chlorophyll alb of seeds Number 1000 Protein
reedom area Chlorophyll per ofpanicles  seeds ~ Percentage
index panicle perplant  weight
)IJSJ 3 20102.78™ 0.05™ 96.06™ 2.08™ 212,71 0.18™ 0.011™ 0.26™
Replication
oS 2 1758189.75™ 5.25™ 8066.15™ 3.83™ 4643.46" 14.42™ 0.95™ 115.01™
Drought stress@)
Jl sl 6 4544.37™ 0.03™ 16.89™ 3.19™ 1111.51m™ 0.68" 0.01™ 0.200™
Error,
® 2, 2 6318471 231 812" 090"  14366.04%  327% 002"  2212°
Cultivar
© == 21z 1 357505.58*  4.20* 2522.03" 1.75™ 3418.81" 772" 017" 0.60™
Priming
a*b 4 33433.85™ 0.39* 37.60" 3.60™ 2247.83™ 1.22™ 0.01™ 0.81"
a*c 2 3804.06™  0.18° 57.67" 4.50™ 2755.97™ 067"  0005®  2.917
b*c 2 574.48™  0.055™ 7.56M 3.69™ 3718.39™  063™  0.01™ 1.96™
a*b*c 4 8954.22™  0.041" 18.32" 0.52" 283.22M 0.03"™  0.008™ 5.16"
P9 sl 45 7206.84 0.037 56.48 2.94 2382.40 0.28 0.01 0.22
Errory
Sl 8 - 8.01 8.70 9.80 17.63 16.33 1145 528 2.94
c.v (%)
) P
Syl (ROh i
. )
LQ';.A
& . Degrees
Interaction of
slicing freedom
a*b
o b o sy
a
(Slicing of b in
a levels)
al 2 94558.0™ 2.13™ - - - 4.02™ - 6.717
a2 2 20022.0™ 0.75™ - - - 147" - 6.55™
a3 2 15473.0™ 0.20™ - - - 0.23™ - 10.47™
a*c
20 Bl p
a (x‘]a...)
(Slicing of c in
a levels)
al 1 - 2.78™ - - - - - 5.49™
a2 1 - 1.09™ - - - - - 0.0003™
a3 1 - 0.70™ - - - - - 0.94"
b*c
P S0 (B
b @Q.M)
(Slicing of ¢ in
b levels)
bl 1 - - - - - - - 1.33"
b2 1 - - - - - - - 1.19"
b3 1 - - - - - - - 2.00™
a*b~c
» b*c By
a »
(s_lic%?éf bc
in a levels)
al 5 - - - - - - - 4.98™
a2 5 - - - - - - - 3.14™

a3 5 - - - - - - - 7577

A2 o Hlid 1) o0 S gt 0 gl Ho (6, S (50 P pas i 4y %
ns, * and ** respectively: non significantly, significance at the level of five percent and one percent.
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Table 4- Analysis of variance of traits measured in quinoa under drought stress, cultivar and priming

Source of
variation

ey
60|5T
Dearees
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freedom

sooslbe

RV}

Malon
dialdehyde

Ua."»u‘a
1)
clins

Membrane
Stability
Index

alb
chlorophyll
a/

chlorophyll
b

‘5‘ .
Relative

water
content

odan

Proline

el

30 gomws
Superoxide
dismutase

et

Catalase

@b gl

3l y

Ascorbate
peroxidase

s
Replication
drought @)

stress

Jsl sl
Error,
b) o3,
Cultivar
©) Sl
Priming

a*b

a*c

b*c

a*b*c
P9 Lgl.‘a:;
Errory
oy

Ol s
C.V (%)

13.73™

331.05™

2.98™
9.82"

6.46"

1.39™
2.29™
0.80™
0.90"

1.58

8.46

79.57"™

2707.52"

12.93™

12.00™

226.24"

7.16"
7.84"
21.50™
18.98™

10.48

9.00

2.08™

3.83™

3.19™

0.90™

1.75™

3.60"
450
3.69™
0.52"

294

17.63

159.60 ™

1051.57"

8.70™

6.30™

4.88"

5.73™
12.34™
90.05™
8.13™

40.44

8.97

3.37™

40.56™

2.63"™

4.38™

0.11m

0.85"
0.39"
0.64"
0.34"

1.63

17.65

0.003™

4.45™

0.0004 ™

0.44™

0.023™

“5.17

0.006™

4.85™

1.02™
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TR
A zhw ;o 50
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al
a2
a3

NN N

0.002"
0.005™
1477

a*c
C ooy
A zhw ;o 50
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levels)

al
a2
a3

[

b*c
C (pouhy
b @a...;]m)d
(Slicing of
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bl
b2
b3

[

0.33
0.02”
0.02”

0.28
0.12™
0.74™

a*b*c
b*c oo sy
a c[a.u B
(Slicing of

b*cina
levels)

al
a2
a3

o1 o1 O

0.74
047"
052"

0.01
0.008™
0.71"

0.73
0.94™
0.64™
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Table 5- Comparison of the mean of the main effects of the measured traits in quinoa

ua:'l..'b ‘5|9£zo Slowy
~soudb "~ BULIST) 4o dlasy
. solwl O (g Jessly
. sl . U ailo JoSily yo oSk
b laas slie Jedg s Relative ) g yd :
Malon Proline 1000 Number of <l
Treatments . Membrane  Chlorophyll water No. of .
Dialdehyde - mg. gt FW) (umol.g’ seeds ; seeds per  Seed yield
) stability 9-9 content _ panicles i )
(umol.g* ] FwW) weight panicle (kg.ha 1)
index (%) (%) per
FW) (@
plant
Drought
stress
100% WR 11.10c¢ 46.91a 94.62 a 77.85a 5.98¢ 214 a 5.48a 314.79a 133796 a
75% WR 15.02b 35.26 b 77.34b 70.09 b 717b 190b 444D 290.90 b 1042.66 b
50% WR 18.52 a 2570 ¢ 57.97c 64.68 ¢ 8.58 a 175¢ 397b 290.51 b 797.41c
o))
Cultivars
Titicaca 14.93 ab 35.21a 75.18 a 7142 a 749a 190a 422D 322.27a 1023.61b
Q26 15.49a 36.03a 78.72 a 70.78 a 749a 196a 4.74a 300.51 ab 1118.14a
Q29 14.21b 36.62 a 76.03 a 70.41a 6.752a 193a 4.93a 273.43b 1036.27 b
Sigosl
Priming
ol
1458 b 34.18b 70.72b 7113 a 7.282a 1.88b 4.30b 305.63a 988.88 b
Control
Primi 15.18 a 37.73a 82.56 a 70.61a 7.21a 198a 4,96 a 291.84a 1129.81a
riming
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The letters next to the numbers represent comparisons of the mean LSD at the 5% probability level. Means with similar letters are not

significantly different at the 5% probability level.
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Table 6- Mean comparison of tripartite interactions of drought stress, cultivar and priming of traits measured in quinoa (physical
slicing performed at drought stress level)

s o, Simngly, T3 b sy U6l 3o Ole»fwi R At
Drouaht stress  Cultivar Primin Superoxide dismutase Catalase Ascorbate peroxidase Protein
Y Y (U. mg* pro.min 1) (U. mg* pro.min 1) (U. mg* pro.min 1) percentage
100% WR Titicaca — 2.79b 0.48a 1.15¢c 15.20a
Control
_“lﬁ" 2.99a 0.29e 0.95d 14.79 ab
Priming
Q26 sal 1.86¢ 0.39¢ 2.08a 14.47b
Control
Sl 2124 0.43b 164b 12114
Priming
Q29 — 2.24d 0.40 be 154b 13.61 ¢
Control
Sl 260 ¢ 0.35d 1.06 cd 13.50 ¢
Priming
75% WR Titicaca 3.03b 0.45 b 153¢ 17.242
Control
Sl 331a 0.47b 126 f 16.55 b
Priming
Q26 — 2344 0.52a 2542 15.46 ¢
Control
Sl 277¢ 0.40¢ 2.29b 16.35 b
Priming
Q29 — 287¢ 0.44 b 209¢ 1517 ¢
Control
Sl 3.17ab 0.39¢ 172d 15.00 ¢
Priming
50% WR Titicaca 2.35b 141a 201e 18.36 b
Control
Sl 253a 0.87b 183 20,88 a
Priming
Q26 — 177e 052¢ 2,65 b 17.82b
Control
Sl 156 f 0.42d 2.90a 17.95b
Priming
Q29 sl 1.98d 0.39d 2.40¢ 18.18Db
Control
Sl 215¢ 0.29e 2.20d 16.73¢
Priming
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The letters next to the numbers represent comparisons of the mean LSD at the 5% probability level. Means with similar letters are not
significantly different at the 5% probability level.

039 < g 4 70 WR 5 ZYOWR Jlael a5 5 5bas cas0 5 ails o JoS0k slass il e 5 Jolis 158 o Slee (515!
aidly rals vals 4 Cad 0,5 /Y 5 VY 1) Al e sl e 5e Giegh cml 5o el JoSal o als slawr g aigs

O Jouz) wb RIB e VA @ sals GalS s 5 e s Rl Gage QLS p (SiS A Jlesl 2 pdy



ol)os g Aol

Yor

aS og o 1) cas ol lie o 5UL JoSil jo alo YYY yog
08, bl o sme Bl Q26 o3, L s,ll Ll 5l adl
3 338 YV Joleo aS |, JsSils [0 ails slasi oy yieS 55 Q29
o gme B Q26 5, L 55 18, ol a5 ol plais! sg5 o
oaslive liione pol> Guisd gl liwl) 0 (0 Jsaz) cuila
s 1S o Slee slizl pals Crge (Sis i aS wis S

(Gamez et al., 2019) ss 5

gy 10 JeSusly oloss

Simalpgied S9doe osalin b Joax 0 a5 joboles
VOIYY Joleo) F/97 4y FIYe 511, aigr jo JoSily olows cudlys
OS5 aS s e plad 50 VO USS mls aes ialiEl (asyo
2 JsSSl slasi s gme ol Crge o) A o o (SaS
2 Q29 18, 4 by e digy 1o JoSily olad o s 00 5 &g
S Agr ,o sae PO Jolae a5 o 1V WR g Lol Ll
85 15 o, 8l con L JoSul o ails slaw (Y JS)

Llo L Titicaca o3, «iale;] 8,90 08, am o ,0 (F Jgoz)

o B N W A U O N

Number of panicles per plant

m Titicaca
0Q26
B2Q29
c
de ] e e
100% WR 75% WR 50% WR
Drought stress

o) 9 Sl i i Ol jl 5T co alg yo JeSuily Sluss uKileo dunslio —F S
Figure 2- Mean comparison of the number of panicles per plant under the influence of drought stress and cultivar
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Figure 3- Mean comparison of seed yield under the influence of drought stress and cultivar
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Table 7- Analysis of seed yield under the influence of leaf area index (LAI), malondialdehyde (MDA), total chlorophyll, 1000-seed

weight and number of panicles per plant (seed yield is dependent).
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Traits Leaf area Chlorophyll 1000-seed Number of effect
index weight panicles per plant
S gl pa2ls 0.08 0.12 0.18 0.24 0.11 0.76
Leaf area index
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Jeds, 8 0.05 0.14 0.25 0.26 0.10 0.84
Chlorophyll
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Abstract

Introduction: The cultivation of quinoa (Chenopodium quinoa Willd), an annual plant with high
nutritional and economic significance, is expanding throughout the world. Quinoa is a traditional
Andean seed crop highly tolerant to abiotic stresses. Since most seed crop cultivars are sensitive to
drought stress, quinoa is regarded as a valuable candidate for the plant's exposure to harsh
environmental conditions. Due to the importance of quinoa in arid regions, the effects of seed
priming on yield and certain morphological and physiological traits were investigated in this study.
Material and Methods: A factorial split-plot experiment based on a randomized complete block
was designed with four replications was conducted in 2019 at Damghan Research Farm Station. The
experimental treatments included drought stress based on the plant's water requirement at three
levels (100% (control), 75%, and 50%) as the main factor, and sub-factors included three cultivars
(Titicaca, Q26, and Q29) as well as priming at two levels (no priming and hydropriming) as a
factorial experiment into sub-levels. To perform water requirement (WR) treatment, WR were
calculated using the CROPWAT program and then applied to the 6-leaf stage plants.

Results and Discussion: The results demonstrated that drought stress (50% WR) reduced relative
leaf water content (13.1%), leaf membrane stability index (21.2%), chlorophyll content (38.7%),
1000-seed weight (18.2%), number of panicles per plant (27.5%), number of seeds per panicle
(7.71%), and seed vyield (40.4%). The use of hydropriming increased the membrane stability index,
leaf chlorophyll content, 1000-seed weight, and the number of panicles per plant. Under 50% WR,
the activity of antioxidant enzymes such as catalase and leaf ascorbate peroxidase increased by
139.58 and 42.55 percent, respectively, compared to the control. Additionally, drought stress
increased quinoa seed protein content and decreased seed yield.. The percentage of seed yield
reduction in drought stress was 50% and 75% of WR and was lower in Titicaca than the other two
cultivars. The comparison of the mean of irrigation interactions in the cultivars revealed that 100%
WR produced the maximum quantities of Chl a, Chl b, and carotenoids in all three cultivars.
Additionally, seed priming boosted the Chl a, and Chl b concentrations in Titicaca and Q26.
Furthermore, the highest biological yield in the Damghan region was achieved in Q26 with 100%
WR. Under normal irrigation conditions, Q26 cultivar had the highest seed yield, whereas under
drought stress conditions, the seed yield of all cultivars decreased significantly. Nevertheless, this
decline in the Titicaca cultivar was 12% less than in Q26 and Q29. The findings of the mean
comparison revealed that priming improved seed yield in all three cultivars, with the Q29 cultivar
producing the maximum seed yield at 1,452.03 kg/ha.

Conclusion: In general, Titicaca cultivar was more resistant to drought stress than other cultivars,
hence its cultivation is encouraged in the Damghan region. Within the scope of this study, the use of
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hydropriming to improve quinoa's physiological features in conditions of drought stress is
suggested. In conclusion, the results demonstrated that seed priming significantly increased seed
yield, biological yield, leaf area index, and chlorophyll content in drought-stressed quinoa cultivars.
These results indicated that seed priming can play a significant role in enhancing quinoa's drought
resistance under low irrigation conditions. This study could contribute to the understanding of seed
priming effects, which could be applied as an effective strategy to mitigate the negative effects of
drought stress on quinoa cultivars.
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