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Introduction

Quinoa (Chenopodium quinoa L.) is a dicotyledonous, allotetraploid, three-carbon, annual, optional salt-
loving plant and is native to South America and the Andean highlands. The growth period of the plant varies
between 70 and 240 days depending on the cultivated area. The main product of this plant is the seed, which has
a high nutritional value in terms of protein, amino acid balance, unsaturated fat, vitamins, and minerals. Like
other plants, quinoa faces various environmental stresses during its growth period, and its growth and yield are a
function of environmental factors and their mutual effects. The occurrence of high temperatures during the
sensitive stages of plant growth, such as flowering and seed formation, may cause a significant decrease in
quinoa yield, and high temperature has been cited as one of the most important challenges for the cultivation and
expansion of quinoa in the world. Salicylic acid acts as a signal molecule and plays an important role in
regulating growth and development processes in plants under environmental stress. Salicylic acid increases the
content of relative humidity, accumulation of dry matter, and the amount of chlorophyll.

Materials and Methods

The objective of this research is to assess the physiological responses of quinoa cultivars to varying planting dates and the
impact of foliar application of salicylic acid in mitigating the adverse effects of end-of-season heat stress during the 2021-2022
crop year. The study was conducted at the research farm of the Faculty of Agriculture, Shahid Chamran University of Ahvaz,
using a split-split plot design within a randomized complete block framework, with three replications. In this experiment,
three factors a) planting date including October 12, November 11, and December 11, and b) foliar application of
salicylic acid in the two stages of budding and the beginning of flowering including non-application, 1.5 mM and
3 mM and c¢) Quinoa cultivars including Titicaca, Giza, Q12 and Redcarin were investigated.

Results and Discussion

The effect of investigated factors such as planting date, salicylic acid, and variety on different traits had
statistically significant differences. The results showed that the maximum amount of stomatal conductance and
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the relative content of leaf water belonged to the date of October 12. The highest biological yield and seed yield
were observed under conditions of application of 1.5 and 3 mM salicylic acid, respectively. Probably, salicylic
acid has increased the growth and accumulation of dry matter by improving carbon fixation, synthesis of
metabolites, and maintaining the water status of plant tissues. Based on the results of the comparison of the mean
of the three-way interaction, the maximum amount of biological yield and seed as the most important goals of
quinoa plant cultivation, respectively, in the treatment of not using salicylic acid in the Redcarin cultivar on the
planting date of December 11 and the application of 3 mM salicylic acid was obtained in the variety Redcarin on
the planting date of October 12. The highest rate of net assimilation and the growth rate of the product belonged
to the treatments of no application of salicylic acid in the Redcarin cultivar on December 11 and no application
of salicylic acid in the Giza cultivar on October 12, respectively. The treatment of not using salicylic acid in the
Redcarin variety on the planting date of October 12 was also able to achieve a high harvest index.

Conclusion

According to the obtained results, it seems that to achieve a high seed yield of quinoa, it is possible to benefit
from the treatment of 3 mM salicylic acid in the Redcarin variety on the planting date of October 12.

Keywords: Harvest index, Greenness index, Grain yield, Stomatal conductance
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Table 2- Analysis of variance of foliar application effect of different concentrations of salicylic acid on different planting dates
in some quinoa cultivars

Leaf . Relative Crop Net
SOV df area Spad Stomatal R\f/ﬁ[g\r/e growth  growth assimilation  Bjplogical ~ Grain  Harves
~ : index  value  conductance rate rate rate yield yield tindex
&be a5 o . content e e e o
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date
& (A) 2 34.17 1743.8" 1110474™ 7104~ 0.0036 ™ 0.6628™ 0.5319™ 6574487 272406" 6149™
cals
Error s 4 21 183.9 17334 263 0.0022 0.0478 0.0713 98695 17252 26.4
Salicylic
acid (B) 2 4 587.3™ 1640™ 179.9™  0.0013™  0.1161™ 0.417™ 437327 32240 449.4™
S bo sl
B xA 4 55" 86" 760 ™ 513.3™  0.0008™  0.1731™ 0.1307 ™ 7138405™ 26238™ 73.7m™
Error L3 12 0.9 51.3 1609 389.7 0.0013 0.1899 0.1183 94408 5842 34.7
Cultivar (C) - - - - - - -
o 3 11.8 47.1" 21" 56" 0.0112 0.3708 0.322 2202819 164832 442.4
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CxBxA 12 8" 93.5™ 1080 "™ 254.8™ 0.0026" 0.1601" 0.2155™ 1577790™ 41404 94.8"
Error s 54 0.8 32.9 873 189.5 0.0017 0.07 0.06 104586 6008 43.5
C.V (%) - 28.4 13.1 17.7 18.8 24.1 27.4 26.5 25.6 26.4 24.9

il o I gime (g lal M) BB NS g doyd G g gy Jloin] gaws )3 I3 gxe (g ylol MBI (s Loy s g
*and ** are significant at 5% and 1% probability levels, respectively, and ns is non-significant difference.
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Table 3- The mean comparison (interaction effect) of foliar application effect of different concentrations of salicylic acid on
different planting dates in some quinoa cultivars

. g
X CdlS ,U) B lows oW ol sas ) =Epe &g Vo] 3 Sos ls s o ls
(08, x Sl 5, mlany pad Jg“"" LAl Sy jelam Gra’in Sl
ro ek
(P;;Let?rtlmggtti § Leaf area value grosvxﬁh Net Biological yield Harvest
Salicyligacid N index rate assimilation yield index
Cultivar) rate
- g m2day? kg hal A
October 12x 0 mM x
Titicaca , .
sl Voo + X yea ¥ 319 9 4883 °f 0.5 b-k 0.21 dg 8583 M 31337 & 3659 of
cadlV) cadd ‘
B x Sl
October 12x 0 mM x
Giza . .
8.29 a 3853 9k 082 ab 0.25 “9 12193 4 28813 M 2531 ¢

Sl Vgoido + % g V-
138 % Silogls
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October 12 x 0 mM x
Q12
dod o oo+ X o X+
WS X Sl s
October 12x 0 mM x
Redcarina
Sl Y goislen + % je Ve
Lo, 8, x Sl
October 12 x 1.5 mM x
Titicaca

sl Vg oo VIO X o ¥+

B x Sl
October 12 x 1.5 mM x
Giza

el Vgo o VIO X o V-

138 % Slomdls
October 12 x 1.5 mM x
Q12

sl Vg on VIO X ygo ¥+

WS X Siluannd s
October 12 x 1.5 mM x
Redcarina

ool Vgo o V0 X o V-

Lo, 87 x Sl
October 12 x 3 mM x
Titicaca
Sl )Y 50 oo Y% g Ve
B1es x Sl
October 12 x 3 mM x
Giza
Sl )Y 50 oo ¥ g Ve
138 % Sidodls
October 12 x 3 mM x
Q12
Aol Y50 (Lo ¥ X e Ve
WS X Slpunnd s
October 12 x 3 mM x
Redcarina
Sl Y g0 oo ¥ yp0 Yo
Ly, 18) x Sebanls

2.34

2.51

4.64

3.85

2.88

5.74

3.99

3.9

2.19

2.7

h-n

b-f

e-h

g-l

bc

d-g

e-h

50.03

45.87

41.97

50.7

50.3

48.67

46.83

49.2

48.33

49.4

b-e

c-h

d-k

bed

bed

b-f

c-g

c-f

0.72

0.58

0.27

0.17

0.52

0.55

0.8

0.61

0.01

0.07

a-c

b-g

ek

h-k

b-h

b-g

ab

b-f

0.57

0.23

0.07

0.06

0.24

0.18

0.28

0.2

0.01

0.03

c-g

fg

fg

cg

d-g

c-g

d-g

€-g

790.8

926

667.5

1181.2

650.5

1489.7

976.5

1361.1

852.2

1419.3

i-0

k-0

d-k

c-f

f-m

c-h

h-n

c-g

288.1

496.3

167.53

376.53

264.75

483.1

335

498.13

280.9

718

j

be

j-o

gl

bc

e-i

f-k

37.41

53.99

2191

31.68

40.93

35.17

35.38

37.52

33.06

50.45

c-f

b-d

d-g

d-g

c-f

d-h

ab

November 11 x 0 mM
x Titicaca
el Y go o+ x LT Y-
51505 % S ls
November 11x o0 mM
x Giza
el Y go o+ x LT Y-
155 % Kbl

0.98

1.79

o-r

28.77

26.5

mn

0.08

0.15

jk

h-k

0.08

0.13

fg

d-g

746.3

790.4

j-o

i-0

145.2

216.97

19.39

27.46
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November 11 x 0 mM
x Q12

Sl Vg0 Lo+ x U Ve
WS X Sl s

November 11x o0 mM

x Redcarina

Sl jY g0 Joo ¢ x QUY'

L)) % Sebadl
November 11 x 1.5

mM x Titicaca

Sl Y50 Lo VO x LT Y-

B x Sl
November 11 x 1.5
mM x Giza

Sl Ygo Lo VB X LT Y

138 % Sidowdls
November 11 x 1.5
mM x Q12

Sl ;Yoo Lo VO x LT Y-

WS X Siluannd s
November 11 x 1.5
mM x Redcarina

Sl Yoo Lo VO x LT Y-

Lo )8y x SelJlos
November 11x 3 mM
x Titicaca
Sl Yoo oo ¥ x LT Y-
1805 % S s
November 11x 3 mM
x Giza
sl Voo ¥ x ST ¥+
155 % Silelo
November 11x 3 mM
x Q12
Sl Yoo oo ¥ x LT Y-
W58 % Sl
November 11x 3 mM
x Redcarina
wol Yoo Lo ¥ x LT Y
)87 x Sl

2.37

6.28

1.35

3.06

6.56

2.8

2.14

2.97

5.36

5.24

g-k

g-l

g-k

bed

23.93

37.13

37.33

38.63

46.5

39.5

37.8

33.47

38.87

40.8

h-1

h-1

g-k

c-h

f-k

g-l

g-k

e-k

0.61

0.28

0.23

0.14

0.67

0.3

0.03

0.12

0.25

0.24

b-f

ek

g-k

a-d

d-k

f-k

f-k

0.42

0.11

0.41

0.06

0.24

0.21

0.02

0.04

0.09

0.12

b-f

€-g

b-d

cg

d-g

fg

e-g

1067.4

1315.6

4375

994.9

1540.3

1314.7

1029.4

1126.7

1096.1

591.6

c-i

no

f-m

c-i

d-1

375.5

352.07

106.6

255.5

501.93

303.45

284.8

371.1

424.9

279.4

no

e-i

&

f-k

36.26

28.5

23.63

29.45

32.99

25.38

29.55

33.02

40.07

47.42

d-f

h-1

e

d-h

gl

e

d-h

a-Cc

December 11 x 0 mM x
Titicaca
Sewl Yoo doo + X )ST\‘~
B x Skl

0.82

44.77

0.43

b-j

0.65

301.8

47.57

16.02
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December 11 x o mM
x Giza
Sl Vg0 Lo+ x 3 Y-
158 % Sl
December 11 x 0 mM x
Q12
Sl jY o0 o o % )51 y.
WS X Sluaand s
December 11 x o mM
x Redcarina
Sl Vg0 Lo+ x 3 Y-
L), x SebJles
December 11 x 1.5
mM x Titicaca
ol Vg0 Lo VO x 3T Y-
15 % Sl
December 11 x 1.5
mM x Giza
ol Y g0 leo V/B x )3T Y-
155 % Selplo
December 11 x 1.5
mM x Q12
ol Vg0 Lo VO x 3T Y
3V 58 % Sbiwndls
December 11 x 1.5
mM x Redcarina
Sl Y go o VO x 3T Y-
Lo )8y x SelJlos
December 11 x 3 mM
x Titicaca
Sl Y g Lo ¥ x Y-
15 X Sl
December 11 x 3 mM
x Giza
del Y go Lo ¥ 3TV
155 % Slels
December 11 x 3 mM
x Q12
Sl Y g Lo ¥ x BT Y-
W58 % Sl
December 11 x 3 mM
x Redcarina
del Yoo Lo ¥ x STV
L)) % bl

1.75

1.93

0.13

1.19

1.49

2.33

3.32

0.89

1.36

4.78

3.89

k-q

n-r

p-r

m-r

b-e

e-h

331

42.72

49.35

494

63.35

50.73

36.35

46.43

522

52.45

57.75

d-g

b-e

b-e

bed

c-h

bc

be

ab

0.29

0.06

0.25

0.24

0.23

0.34

0.38

0.14

0.15

0.64

0.37

e-k

f-k

f-k

g-k

d-k

c-k

h-k

c-k

0.35

0.04

0.7

0.26

0.22

0.3

0.33

0.28

0.16

0.46

0.25

b-g

c-g

c-g

b-g

b-g

c-g

d-g

b-e

c-g

1603.1

1815.1

3930.1

3230.6

996.9

862

3036.4

1202

1433.6

1548.2

1139.2

cd

h-n

d-j

c-e

d-l

156.15

172.07

394.92

4775

58.67

63.75

325

83.77

246.3

128.9

274.55

b-f

f-k

9.16

9.46

10.13

15.12

5.84

7.18

10.7

6.82

16.83

9.18

2431

n-o

n-o

k-n

h-1

sl oo Iy xe (o ylol M 3 oy iy Jlein] daws )3 LSD g0l ol pr sl g yn (l)ls dlsel ygiasyn 5
In each column, the numbers with the same letters have no statistically significant difference based on the LSD test at the 5%

probability level.
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Table 4- The correlation results of investigated traits under foliar application of different concentrations of salicylic acid on
different planting dates in some quinoa cultivars

1 2 3 4 5 6 7 8 9 10
e 3 B g
13 38 s 4_3 §8 ;9 $ g b v 33
224 98 55f 3% 3e 3,F 98 43 A
+5 4 5 38 253 33.%% ig jﬁ‘)jg 15 a2g x%
32 xE 5 375 237 s i 1§ 86 3F
8 w3 ER IS A ek £ §E 3 £
- 0O 2 7] [3)
pd [va
0 mM salicylic acid T 1 POV | WEREVOVY) [0 VS WP
1 1
2 -0.166 1
3 0.167 -0.097 1
4 -0.133 0.342" 0.464 1
5 -0.124 0.186 0.105 0.173 1
6 -0.100 0.410" 0.006 0.295 -0.017 1
7 -0.028 0.178 0.108 0.021 0.143 0.290 1
8 -0.196 0.235 -0.003 0.119 0.114 0.522 0.400" 1
9 0.335 0.351" 0.147 0.347" 0.089 0.057 0.101 -0.046 1
10 -0.468" 0.241 0.067 0.495~ 0.064 0.029 0.024 0.059 0.606™ 1
1.5 mM salicylic acid  Slamdlus dawr! Y0 Jdao V/0
1 1
2 -0.037 1
3 -0.019 -0.172 1
4 -0.043 0.194 0.349" 1
5 -0.197 0.154 -0.026 -0.028 1
6 -0.222 0.407" -0.145 -0.126 -0.160 1
7 -0.274 -0.017 -0.135 -0.042 -0.200 0.607 1
8 -0.276 0.333" -0.110 0.113 -0.328 0.738~ 0.742~ 1
9 0.566" 0.379" 0.030 0.343" 0.083 0.022 -0.234 -0.151 1
10 0.342 0.312 -0.120 0.213 0.347" 0.143 -0.059 -0.009 0.501" 1
3mM salicylic acid  Swadlwsw! Yoo Juo ¥
1 1
2 -0.092 1
3 0.182 -0.092 1
4 0.117 -0.104 0.363 1
5 -0.081 0.085 0.103 0.301 1
6 -0.165 -0.198 -0.078 0.116 0.108 1
7 -0.202 -0.252 0.090 0.132 0.095 0.818~ 1
8 -0.120 -0.164 0.205 0.251 0.166 0.782~ 0.733~ 1
9 0.289 0.186 -0.099 0.396 0.235 0.044 0.011 0.167 1
10 0.395" 0.330" -0.250 0.231 0.275 0.159 0.158 0.242 0.716~ 1
s o Jo > S g i gaw 50 b dne (sylel BMS] (s Cusys 4 s g 3
*and ** are significant at 5% and 1% probability levels, respectively
T gdew 0 Slwdlodl o ccsls 7 blae 1 cusls S s oAl

9wy 50 Somdludpnl Lilaze pl « Sl sl 31 9 oy

5 5148 551 ) ) (S (Sipe a5ls by i



VELY Ll o o)l FY als oyl (81,5 Slhwidais apnis Y FA

(EL-Tayeb, 2005)

$lasysy calaa ol 5e

2 el )b Sl ki & g cpl (Sl puib)ly 325 @l
duliio ot bl (Y J9i2) 292 )l stne slaigy colia ol
& S ol Bl i (1059 Colin Gl (Sl
200)5 odnliiio (45l jo myeyio p Jgo YEV/VA) oo Vo cuils
Slacbl )3 S jualisal (ig0)5m (1T g0 bl o (¥ S5
Ay bblowe sla ol 4 JUSw S lgisdy g oddadgs olS
dge 1y olS Lol Lalg) 4 355 o Ladijgy (5 dliny e 9 Jlo)
Colia o jiall' ey yials ) LS jis aie ol gl g sauisy
s ptalS 5 Ol sg S il gy B LS 5 glasy,
2 ol daog 9 05 GialS 5 oAb (655l Jole uilu]yg
4,51 (Hall et al., 1992) >9i5 o Jodai (g5l Lo )5 5 dons
U Gl g wbe pials O Gl slasg, culin 5 ials' L
o 5 i 3 alS” s & o] ol g el oLS 5 e
0Bl oLS ) (oled S (3095 w9 (S eeSTie
BalS olS 3 Slee Coles 13 g 0ad (Sjtiwgs SONawl Mg
Ao

400 a
300
200
100

e 53 08 50 Sdalodsol o culs 7,6 aslbaw Jlite il
s wlol g (Y Jgan) il s sme (ylol M3 o)y S
Syg Jolge Szl 51 31 (Sijes a3l (e lulis
o=l BYIN) e oy gl)b Giza 538, 50 Slosiw!
o pomte LS IS oy 3 (58,5 )13 (W o) 390 o
Srivastava, Srivastava, Singh, ) 35 e olS Sy paw ials
olls8l s 4y a>5ys (Suprasanna, & D’souza, 2013
g g Lasho oo wojlil (Lol (pizen 5 Jdgje (sla sk
Moharekar et al., ) a0l o il 8l Ko jw jasls « S
i1y o3ueS] SodsS g > & o ) ey 421 (2003
9 99,18 lime ilS (g imwgd ol 4 el (iD jl 5b
Moy (il gy (Siajow padld dag JUil g J& 0 (ie I
Suliwdlwsol (Adir, Zer, Shochat, & Ohad, 2003) .5’ .~
5 (Harper & Balke, 1981) La oo Jasl o Jols o (5,038 514
dg-bien (Siajew pad L g Jidg)lS jlade )3 (halBl s jriwgd
o> (Agarawal, Sairam, Srivasta, & Meena, 2005)
Ol isli8l g (g itiwsid olKiwd jl cblas b Sl ludpn!
Al sl o o ) (K e (sl (Bl Ll e bl

b

i _
L

October .

Slaize, culaa
Stomatal conductance (mol m=2s?)

November L

December 3

Month
sbo

Ik (51439, Culid p CodlS Cilies bz U 5T 5eile dwnliio -Y KW

WIS (610 sre Ciglid wao yd guiy Jloss ! g 43 LSD (901 (wlw! e ciiiund S o g (1,10 o5 b iSiluo
Figure 2- The mean comparison for effect of different planting dates on stomatal conductance of quinoa
Means followed by similar letter are not significantly different at 5% probability level using LSD test.
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Figure 3- The mean comparison for effect of different planting dates on relative water content of quinoa leaves
Means followed by similar letter are not significantly different at 5% probability level using LSD test.
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Figure 4- The mean comparison for effect of cultivar on relative relative groeth rate of quinoa
Means followed by similar letter are not significantly different at 5% probability level using LSD test.
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