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Background and objectives: Quinoa is a pseudocereal plant with high
nutritional value. Quinoa seeds are a rich source of protein, iron,
magnesium, phosphorus, fiber and vitamin B, and have a balanced
content of essential amino acids for humans. Climate change, soil
salinity and high tolerance of quinoa to abiotic stresses have made this
plant a suitable option for sustainable agriculture. Therefore, knowing
the appropriate sowing date of this plant is important in order to
maximize plant growth and crop yield. On the other hand, salicylic acid
(SA) is a plant growth regulator that is used to deal with various
environmental stresses. Accordingly, this study aims to identify the most
suitable planting date. Furthermore, it evaluates the optimal level of
salicylic acid application and identifies the superior quinoa cultivar to
achieve desirable performance in the event of delayed planting and
exposure to end-of-season heat in Ahvaz. For this purpose, this
experiment was designed to investigate the yield and some biochemical
indices of quinoa under the influence of sowing date and foliar spraying
with SA.

Materials and Methods: This experiment carried out in the crop year
2021-2022, in the form of split split plots based a randomised complete
block design with three replications in the research farm of the Faculty
of Agriculture, Shahid Chamran University of Ahvaz. In this
experiment, three factors were investigated: a) sowing date including
October 12, November 11, and December 11 as the main factor, b) foliar
application of salicylic acid at three levels including no application, 1.5
mM and 3 mM as a sub-factor, and ¢) quinoa cultivars including
Titicaca, Giza and Redcarin as a sub-sub-factor.

Results: The results of the variance analysis of traits showed a
significant difference in the interaction effect of sowing date x salicylic
acid foliar application X cultivar in all studied traits. The application of 3
mM salicylic acid on the sowing date of October 12 in the Redcarin
cultivar resulted in the highest seed yield. The highest activity of
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antioxidant enzymes, superoxide dismutase, proxidase and catalase, was
obtained in the treatment of 3 mM salicylic acid on the sowing date of
December 11. The lowest malondialdehyde content also belonged to the
treatment of 3 mM salicylic acid on the sowing date of October 12 in the
Redcarin cultivar. The treatment of 3 mM salicylic acid on the sowing
date of October 12 in the Giza cultivar showed the highest starch
content.

Conclusion: According to the results of this study, the application of 3
mM salicylic acid on the planting date of October 12 in the Redcarin
cultivar resulted in the highest seed yield, therefore, the cultivation of
this plant (Redcarin cultivar) on the planting date of October 12 was
evaluated as the superior treatment due to the provision of better growth
and development conditions and the application of 3 mM salicylic acid
with the aim of improving photosynthetic characteristics, in order to
achieve the practical goals of cultivating this plant. Of course, it should
be noted that considering the complete confrontation of plant cultivation
with environmental and climatic conditions and the lack of sufficient
time to prepare the land after the previous crop in some agricultural
lands, the choice of a second planting date (November 11) may also be
unavoidable.
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Table 1. Mean monthly temperature and precipitation in 2021-22
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Table 2. Some physical and chemical properties of the studied soil
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Table 3. Mean square for biochemical and yield characteristics of quinoa cultivars under different sowing dates and

foliar application salycilic acid
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variation yield Biological Harvest urr; " Superoxid Peroxidase  Catalase
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panicule activit
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Block L 2 232ns 1306ns 4.19ns 16.97ns 16.97 ns 0.0003ns 0.00002 ns
Sowing date (A)
e 1529224%%  437455%% 4304.80%*%  2297.26%*F 229726 ** 0.1070%* 0.00021°*
(@) sl=Error (a) 4 3279 4037 0.2 38.46 38.46 0.0009 0.00002
Salic:ylic acid (B) 2 566662** 24368%* 5.612 173.69%%  173.69 ** 0.094%* 0.00012%*
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CxBxA 8 754738%* 9603 ** 60.14%* 76.18* 76.18* 0.037%* 0.0005%*
(¢) sl Error (c) 36 4224 2260 48 34.79 34.7896 0.0012 0.00005
C.V (%) - 438 14.4 8.0 8.6 8.6 14.0 172
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*and ** are significant at 5% and 1% probability levels, respectively, and ns is non-significant.
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Table 3. Mean square for biochemical and yield characteristics of quinoa cultivars under different sowing dates and
foliar application salycilic acid

LT 65 Ol (gl sime

Ol Aoy

;,;J}ﬁ.wﬁ

O ol il gl ez Yy s Shes
e Df Malondialdehyde > Nitrogen Protein S
Source of variation Starch content Protein yield
content percentage percentage
Block s L 2 0.006 ns 4.07ns 0.010ns 0.27ns 1306ns
Sowing date (A
owing date (A) 0.029%* 106.43%* 0.137%* 3.74%+ 4374554
3
(@) sl=Error (a) 4 0.001 23.14 0.004 0.12 4037
Salicylic acid (B
g“ i M( ) 2 0.019%* 2.85ns 0.006ns 0.17ns 24368%*
B xA 4 0.003 ns 41.95%* 0.003ns 0.07ns 30059%*
(b) st Error (b) 12 0.005 4.85 0.001 0.03 1444
Cultivar (C
! ':ir( ) 2 0.223%* 2998 57+ 0.001ns 0.04ns 620934
CxA 0.229%* 133.80%* 0.0010ns 0.03ns 6136*
CxB 0.090 ** 73.01%* 0.009ns 0.26ns 9730%*
CxBxA 0.107%* 63.05%* 0.0014% 0.113%* 9603%*
(¢) sl Error (c) 36 0.004 10.05 0.004 0.12 2260
C.V (%) - 112 8.9 238 238 14.4

B gl e (oLl ol BB NS 5 Ay S5 i il a3 Sl me bl Sl gl o S
*and ** are significant at 5% and 1% probability levels, respectively, and ns is non-significant.
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Table 4. Mean comparison for some biochemical and yield characteristics of quinoa cultivars under different sowing
dates and foliar application of salycilic acid

Slies Il

" 3 Shes 3 Shes ool 5 Sk RV JVpN Sl Sl

S b ’ : Ll 0355 S ools S 30 g M-Sl s
Sowing Sl VJ.J Seed Biological H ” S ".d Peroxidase  Catalase
Salicylic Cultivar ¢ 1oogca larvest Number oo activity (U activity
date acid yield yield index of dismutase ! (Umg
(Kgha!)  Kgha) (0 panicale MY LT )

in plant Protein)

S i Titicaca  i-348 g 10681  3262cd  16.6a 53ij 0.04 kI 0.013 hi

No Redcarin 496 cd 826 op 51.09 a 14.7 a-d 74b-¢ 0.0271 0.011
application Giza m-265 j 923n0  28.69de  15.5a< 77b-d 0.05 i-1 0.017 g-i
AT Ny ve Titcaca  j342g 1122k 3044d 9.8f 71d-f 00771  0.03d-f
October ) Redcarin 639b 1178 gh 51.11a 13.8a-¢ 80a-c 0.11f5 0.02 fi
12 1.5 mM Giza 392¢-g  1044k-m  37.53b  12.5¢f 80a-c 0.067 1 0.017 g-i
Voo LT Titicaca 335 g4 1177 g-i 28.47 de 10.5ef 88a 0.12 ef 0.057b
2 Redcarin 783 a 1529 ¢ 51.19a 15.1a-c 82a-c 0.17 de 0.03 d-f
3mM Giza 518¢ 1164g§  44.53ab  13.6af 83ab 0.45b 0.017 g-i
3,08 ps Titicaca 204 Im 718 q 28.44 de 12.5¢-f 56hi 0.05fi-1 0.037 c-¢
No Redcarin 463c-¢ 2336 ¢ 19.84 gh 13.6a-f 51ij 0.11 f-h 0.017 g-i
. application Giza 233k-m 1438 ef 16.22 ij 14.7a-d 67e-g 0.057 h-1 0.023 f-h
RERR Ny v Titicaca 199 1m 945mn  2L14gh  10.9d-f 72¢-f 0.07 £l 0.04 cd
November ) Redcarin 497cd 1858 d 26.73 ef 14.1a-¢ 63f-h 0.107 f-i 0.02 fi
11 1.5 mM Giza 294 hk 1254 g 2348f  l142ae 44 0.26 ¢ 0.02 f-i
N, v Titicaca 196 m 1173¢j  16.67ij  12.7b-f 88a 0.087 -k  0.043¢
° ) Redcarin 530 ¢ 1380 f 38.40b 16.4ab 74b-¢ 0.117 e-g 0.017 g-i
3 mM Giza 356f£h 107001 3324bc  15.4ac 72¢-f 0457b  0.023 £h
3,28 pis Titicaca 56n 368 r 16.32 jj 13.1 a-f 59g-i 0.06 g-1 0.02 f-i
No Redcarin 277 i 2446 b 1120kl 14.5a-d 59g-i 0.043j-1  0.013hi
B application Giza 193 m 1954 d 1033kl l4.1a-e 51ij 0.07 £1 0.013 hi
AT . L. Titicaca 58n 768 pq 7.551 13.1a-f 74b-e 0.06 -1 0.043 ¢
December o Redcarin 354 f-i 2538 a 13.93 jk 13.4a-f 74b-¢ 0.12 ef 0.013 hi
11 1.5 mM Giza 197 m 1465¢f  1347jk  13.8ae 59g-i 00671  0.03df
Yoo et Titicaca 60 n 1169 g+ 4.79 m 14.2a-¢ 89a 0.063 f-1 0.073 a
oo Redcarin 431 d-f 1231g  2250fg  14.0ac 68e-g 0.2d 0.02 i
3mM Giza 202 Im 976 1n 1977gh  153a< 67e-g 0.85 a 0.027 e-g

[ K3

il 3 el gl W86 Ao )3 0 e e 53 LSD Oga3l bl ailie G (sl sltel G a 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. Mean comparison for some biochemical and yield characteristics of quinoa cultivars under different sowing
dates and foliar application of salycilic acid

S A = i 25407 63 05l (sl 5 2l (5 smen R Ao O35 doys Jﬁ}f‘éfﬁw
.C Sl [ . Protein . Protein
Sowing Saii; “lic Cultivar Malondlfilldehyde Starch percentage Nitrogen yield
date aci)(/i (mg.g” FW) content (%) %) percentage (%) (Kg.ha")
3,28 pis Titicaca 0.8 be 32.50 gh 1195¢g 226¢g 41.7 d-f
No Redcarin 0.813 be 26.29 ki 11.84 ¢ 2.24¢g 58.9¢
application Giza 0.677 d-f 45.93 c-¢ 1189 ¢ 225g 31.8fh
e Y Ny /0 Titicaca 0.653 e-g 32.51 gh 12 fg 2.27fg 41.0d-f
October 12 ) Redcarin 0.490 i-m 26.59 j-1 11.89 g 2.25¢g 76.1b
1.5 mM Giza 0.47 j-m 53.66 b 11.95¢ 2.26g 46.8d
Ve et Titicaca 0.511i-1 32.53 gh 12.04 efg 2.28efg 40.3d-f
) Redcarin 0.173 p 25.99 kl 1193 g 2.26g 93.4a
3 mM Giza 0.263 op 6139a 12.01 fg 2271g 61.6¢
3,28 pis Titicaca 0.58 f-i 32.25 gh 12.29 c-g 2.33c-g 25.1h
No Redcarin 0.763 b-d 24.61 kl 12.01 fg 2.27fg 58.2¢
] application Giza 0.623 e-h 43.85 d-f 12.34 b-g 2.34b-g 28.8gh
oLl N ,o  Titicaca 0.523 h-k 3242 gh 1231 b-g 233 b-g 24.6h
November ~ 7 o Redcarin 0.677 d-f 26.85 i-1 12.29 ¢c-g 2.33¢c-g 61.0c
11 1.5 mM Giza 0.52 hk 4724 cd 12.36 b-g 234 b-g 36.5¢eg
N ket Titicaca 0.46 k-n 32.59 gh 12.33 b-g 234 b-g 24.0h
e Redcarin 0.593 £+ 29.09 gk 12.56 b-f 238 b-f 63.6¢
3 mM Giza 0.41 1-n 50.63 be 1237 b-g 2.34b-g 442ed
3,28 pis Titicaca 0.413 |-n 31.96 g-i 12.61 b-e 2.39 b-e 7.5h
No Redcarin 1.01a 23221 12.09 d-g 2.29d-g 57.3¢
B application Giza 0.57 g+ 39.86 f 12.67 be 2.40bc 25.3h
AT Yy Love Titicaca 0.39 mn 32.33 gh 12,62 b-d 239 b-d 7.3i
December e Redcarin 0.86 b 27.41 h-l 12.68 be 2.40bc 44.9de
11 1.5 mM Giza 0.567 g-j 40.82 ef 12.77 a-c 2.42a-c 25.2h
Ve et Titicaca 0.36 no 32.69¢ 12.63 b-d 2.39 b-d 7.0i
) Redcarin 0.713 c-e 31.59 g 13.28 a 2.52a 33.5f-h
3mM Giza 0.56 gk 41.77 ef 12.86 ab 2.44ab 25.0h

il 3 el gl W86 a3 0 e e 53 LSD Oga3l bl ailiin Do (5Dl sltel G a5

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 5. Correlation coefficient between biochemical and yield characteristics of quinoa cultivars under different

sowing dates and foliar application of salycilic ac1d

J 78 338% ]2 28] 23 3 ¥F~ 585 181 15588 £8 B¢
1 2 3 4 5 6 7 8 9 10 11 12
1 1.00
2 0.31 1.00
3 -0.26 0.78** 1.00
4 0.08 -0.24 -0.28 1.00
5 0.71%* 0.12 0.51%%* -0.20 1.00
6 0.03 0.33 0.11 -0.36 0.19 1.00
7 0.40* -0.44%* -0.14 0.22 0.19 -0.24 1.00
8 -0.66%* 0.26 -0.11 0.05 -0.35 -0.25 -0.26 1.00
9 -0.17 -0.16 -0.23 -0.25 0.18 0.72%%* -0.07 -0.36 1.00
10 o5z 0490 o, 0.18 -0.66** -0.20 0.17 0.24 -0.03 1.00
11 0.52%%* -0.50%* 0.8-2** 0.18 -0.65%* -0.21 0.18 0.24 -0.03 1.00%* 1.00
12 0.31 1.00** 0.78** -0.24 0.12 0.33 -0.44%* 0.25 -0.16 -0.49%* 0 56** 1.00

Al o3 ) 50 Jlazsl a3 s e Ol sl ls o e
*and ** are significant at 5% and 1% probability levels, respectively.
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