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ABSTRACT
This study was conducted to investigate the response of yield and some biochemical characteristics of
quinoa to planting date, drought stress and salicylic acid as split-split-plot experiment based on
randomized complete block design with three replications at the experimental station of the Agricultural
Faculty of Bardsir, Shahid Bahonar University of Kerman in 2018. The experimental treatments were
planting date (April 5, 5 May 5 and June 5) as the main plots, irrigation levels (90, 60 and 30% of filed
capacity) as subplots and foliar application (salicylic acid 1 mM and water) as sub-subplots. The results
showed that grain yield for May (653.91 kg ha!) planting date was significantly higher than April (578.7
kg ha'!) and June (460.8 kg ha!). Decrease in consumed water to 60% of FC had no significant effect on
grain yield, but the trait value in 30% of FC was significantly lower than other irrigation levels. Grain
yield was significantly increased by foliar application of salicylic acid than water application only at
severe drought stress. The highest oil (4.08%) and vitamin C (3.93 mg.g™') contents were related to May
planting date and non-stressed condition. Relationship of grain yield with grain antioxidant activity and
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carbohydrate was negative. Proline, MDA and APX values were significantly increased by drought stress,
but salicylic acid could decrease the traits. Generally, the results indicated that May planting date is the
most suitable planting date for quinoa in Bardsir regions and similar climates. The plant has a
considerable tolerance in water stress condition based on the antioxidant defense mechanism. Salicylic
acid could mitigate the negative impacts of drought stress in limited irrigation levels.

Keywords: APX, carbohydrate, chlorophyll, MDA, proline.
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Table 1. Soil physiochemical properties of the experimental field soil.

pH EC@S.m') OM (%) K (ppm)

P (ppm) N (%) Texture

7.50 1.43 0.39

11.3 0.09  Sandy clay loam
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Figure 1. Precipitation (mm) and maximum and minimum temperature (°C) changes in studied area in
2017-2018.
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Table 2. Variance analysis (Mean square) of the effects of different treatments on studied traits of quinoa

S.0.V DF  Grainyield Oil percentage  Vitamin C Ash IC50 Carbohydrate
Replication 2 189.3ns 0.074ns 0.012ns 0.335ns 1798.3ns 4.47ns
Planting date (A) 2 170556.2** 5.889** 1.36%* 0.007ns  459505.1%* 195.5%*
Error 1 4 1056.9 0.003 0.056 0.065 2258.2 2.29
Irrigation level (B) 2 21235.1%* 0.152* 0.321*  0.0006ns  151927.1** 53.26*
A*B 4 S5421.1%* 0.031ns 0.047ns  0.006ns 4944.6ns 6.45ns
Error 2 12 1874.08 0.032 0.021 0.259 2909.4 8.38
Foliar application (C) 1 3091.8ns 0.112ns 0.187ns 0.001ns 23940.1* 62.21%*
A*C 2 10.68ns 0.052ns 0.026ns  0.0008ns 2238.1ns 6.91ns
B*C 2 5856.6* 0.412% 0.056ns  0.003ns 12782.1%* 24.37ns
A*B*C 4 61.63ns 0.002ns 0.005ns 0.004ns 807.6ns 1.24ns
Error 3 18 1056.1 0.098 0.064 0.239 3340.7 13.57
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ns, * and **: non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 3. Interaction effects of planting date and irrigation levelS on some studied traits of quinoa.

Treatment Grain yield (kg ha”) Chlorophyll a MDA

Planting date  Irrigation level (FC: %) Y & (mg.g'. FW)  (umol g'.FW)
90 596.3a 2.88b 19.97¢

April 60 580.5a 3.04a 25.48b
30 559.2b 2.44c 37.60a

90 702.8a 2.88a 19.62b

May 60 683.6b 2.86a 20.91b
30 575.2¢ 2.46b 30.47a

90 474.9a 2.96a 24.27¢c

June 60 465.6a 2.48b 35.46b
30 442.8b 2.24¢ 45.18a
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Means with the same letters in the same column are not significantly different as slicing based on LSD test (P< 0.05).
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Table 4. Interaction effects of irrigation levels and foliar application of salisilic acid on some studied traits

of quinoa.

. Treatment Grain yield ~ Oil IC50  Chlorophyll a MDA
Irrigation level Foliar (kg ha')) %) (ueml) (mgg FW) (umol g FW)
(FC: %) application gha ° HE: &8 HmoLe
90 SA 592.9a 3.66a  867.6a 2.88a 20.77a

water 589.3a 3.62a 865.3a 2.72b 21.81a
60 SA 583.8a 3.62a  862.3a 2.66a 24.65b
water 568.6a 3.52a  840.6b 2.46b 29.92a
30 SA 549.1a 3.53a  751.4a 2.78a 33.43b
water 510.4b 3.39b  649.2b 2.69a 42.07a
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Means with the same letters in the same column are not significantly different as slicing based on LSD test (P< 0.05).
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Table 8. Mean comparison of the effects of treatments on studied traits of quinoa grain.

Treatment Sf;lg oil Vitamin C Ash 1cs0 Carbohydrate
(kg.ha") (A’) (l’l’lgg ) (A’) (],lgl’l’ll ) ( A])

Planting April 578.7b 3.64b 3.85a 5.53a 869.3b 61.73b
date May 653.9a 4.08a 3.93a 5.53a 924.5a 5991c
June 460.8¢c 2.95¢ 3.42b 5.56a 624.3¢ 66.31a
Trrigation 90% 591.3a 3.64a 3.87a 5.54a 866.5a 60.91b
(FC) 60% 576.2a 3.57ba 3.74b 5.55a 851.3a 62.67ba
30% 525.7b 3.46b 3.60c 5.54a 700.3b 64.35a
Foliar SA 572.6a 3.6la 3.79a 5.54a 827.1a 61.66b
application ~Water 556.3a 3.51a 3.68a 5.55a 785.0b 63.63a
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For each treatment, means with the same letter in the same column are not significantly different based on LSD test (P< 0.05).
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Table 6. Variance analysis (Mean square) of the effects of different treatments on studied traits of quinoa.

S.0.V DF Proline Chlorophylla  Chlorophyll b MDA APX
Replication 2 7.15ns 0.003ns 0.001ns 1.06ns 1.71ns
Planting date (A) 2 595.5%* 0.255%* 0.066%* 591.1%*  1001.3%*
Error 1 4 2.654 0.045 0.0009 9.33 2.19
Irrigation level (B) 2 1796.21%* 1.38%* 0.161%* 1249.3**  156.3%*
A*B 4 194.45%%* 0.169%* 0.062%* 53.07** 10.71%*
Error 2 12 4.58 0.048 0.0007 5.62 0.798
Foliar application (C) 1 545.4%* 0.264* 0.002%** 335.2%* 87.71%*
A*C 2 52.86%* 0.013ns 0.011%** 8.31ns 3.35ns
B*C 2 165.9%* 0.266%* 0.016%* 65.32%* 16.04%*
A*B*C 4 72.15%* 0.047ns 0.021%** 9.36ns 4.26*
Error 3 18 6.64 0.033 0.0009 9.34 1.17

Ao, Sy gl Jleisl mhaw jo s gime g o e mé o Ay FE o * s
ns, * and **: non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 7. Mean comparison the effects different treatments on studied traits of quinoa grain.

Treatment Proline Chlorophylla  Chlorophyll b MDA APX
(umol g . FW)  (mg.g'FW) (mg.g' FW)  (umol g'.FW) (Units g'.FW)
April 22.56b 2.78a 1.02a 27.68b 12.41b
Planting date May 18.38¢c 2.73ab 953b 23.66¢ 991c
June 29.76a 2.55b .900c 34.97a 23.89%a
90% 15.73¢ 2.79a 1.001b 21.28¢c 12.97¢
Irrigation (FC) 60% 20.16b 2.90a 1.02a 27.28b 14.56b
30% 34.82a 2.37b 0.85¢ 37.75a 18.68a
. L 20.39b 2.76a 0.951a 26.28b 16.68a
Foliar application 26.75a 2.62b 0.965a 31.26a 14.13b
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For each treatment, means with the same letter in the same column are not significantly different based on LSD test (P< 0.05)
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Table 8- Interaction effects of planting date, irrigation levels and foliar application of SA on some studied
traits of quinoa.

Treatment
Planting Irrigation Foliar Proline Chlorophyll b . APX
date level (FC:  applicatio (umol g .FW) (mg.g! FW) (Units g.FW)
%) n
90 SA 15.18¢ 0.98b 8.96¢
water 15.22¢ 0.99b 8.99¢
. SA 16.98¢ 1.31a 12.33bc
April 60 water 23.11b 1.03b 9.90¢
30 SA 20.58b 0.88¢ 19.77a
water 44.33a 0.94bc 14.55b
90 SA 15.14¢ 0.97a 8.87¢c
water 15.25¢ 0.97a 8.55¢
SA 15.21¢ 0.96a 8.69¢
May 60 water 16.32¢ 0.97a 8.5¢
30 SA 19.97b 0.91b 14.69a
water 28.44a 0.94a 10.13b
90 SA 16.44d 1.08a 22.17bc
water 17.18d 1.02a 20.28¢
Jun 60 SA 18.57d 0.91b 26.31ab
water 30.77¢ 0.96b 21.66¢
30 SA 45.36b 0.69¢ 28.33a
water 50.24a 0.74c 24.62b

A3l e LSD yaejl bl oo o iy Jlaisl mdaws )8 (6)lo gme BT slhls o8 (o &g i ;o 50 S i By >
Means with the same letters in the same column are not significantly different as slicing based on LSD test (P< 0.05).
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