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Extended abstract

Introduction

The proper planting date is known as one of the most important agronomic programs to achieve the
optimal yield in crops through increasing adaption of plants to environmental conditions and improving
resource use efficiency. The synchronization of growth stages with climatic parameters in terms of
rainfall, temperature, and humidity is considered as the main consequence of proper planting dates.
One of the most basic methods for improving water consumption patterns in the agriculture sector is
the accurate management of cropping and breeding methods, so the implementation of policies to
change the pattern of cultivation based on comparative advantage, efforts to reduce the level of crop
cultivation requiring high water consumption and developing drought-resistant plants. In this regard,
water scarcity is a well-known factor in reducing quinoa yield under arid and semi-arid areas, which can
seriously affect crop profitability. Thus, the present study aimed to evaluate the different planting dates
and irrigation rounds on physiological traits and growth yield and component yields of quinoa under
Mashhad climate.

Materials and methods

The current study was conducted at the Faculty of Agriculture, Ferdowsi University of Mashhad, Iran,
in 2020. The experiment was designed as a split-plot arrangement based on randomized complete block
design with three replications: planting date (July 6th, July 23th, and August 6th) as main plots and
water deficit regimes (7, 14, and 21-d intervals) as subplots. The experimental data were analyzed using
SAS 9.4. The mean values were statistically compared according to the least significant difference (LSD)
test at the level of 5%.

Results and discussion

According to the results, decreasing water availability significantly caused an increase in chlorophyll a,
chlorophyll b, and carotenoid contents. Also, leaf osmotic potential at the planting date of August 6th
significantly decreased up to 39%, compared with the planting date of July 6th. It seems that in the case
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of increasing temperature, with increasing leaf osmotic potential, the plant resistance to environmental
conditions would be improved. The content of soluble carbohydrates as well as the activity of ascorbate
peroxidase and peroxidase enzymes were significantly affected by the interaction between planting date
and irrigation. The highest amount of ascorbate peroxidase enzyme was observed in the 21-d irrigation
cycle and planting date of August 6th. Ascorbate activity increased with increasing drought stress. The
highest content of soluble carbohydrates was found on the date of planting on July 23th and the 14-d
irrigation cycle. In addition, grain yield at the 21-d irrigation cycle decreased by 25% compared to the 7-
d irrigation cycle. Moreover, the highest grain yield was obtained from the planting date of august 6th
(544 g.m=). Water shortage during the root development stage is a limiting factor against the optimal
yield of quinoa

Conclusion
Based on the results, a planting date on August 6th with a 14-d irrigation cycle can be recommended to

achieve the desired yield of quinoa along with reducing water consumption in the Mashhad region.

Keywords: Ascorbate, Leaf osmotic potential, Proline, Phenol, Water requirement
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Fig. 1. Climatic conditions during growth stages of quinoa
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Table 1. Physiochemical characteristics of the experimental soil
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Table 2. Date of planting, establishment, flowering and harvesting according to experimental treatments during the

growing season

harvest date Flowering date Date of establishment planting date
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Table 3. Analysis of variance (ANOVA) for some physiological and biochemical traits of quinoa effected by planting

date and Water deficit regimes at Mashh in 2020
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Table 5. Some physiological and biochemical traits of quinoa in relation to interaction between planting date and Water

deficit regimes
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Planting sleles @ Jed9, 8 b deSs s c T
date water deficit Chlorophyll Chlorophyll ##s99,5  olon ©lygSal STy
regimes a b Carotenoid Proline  DPPH Ascorbate  Peroxidase
P ool o Za——— e pu— unit.ml!------
i1 21 day 0.54%2 0.24 @ 0.13 1.12%  0.83° 10.56 ® 1.77°
il 14 day 0.33 b 0.19¢d 0.07 def 0.684% 0.71°¢ 7.51° 2.852
July 6 7 day 0.29 < 0.19 < 0.03f 1.03% 078  12.00° 1.15%
sloye ¥ 21 day 0.31 bed 0.194 0.08 cde 2,642 1.24% 7.41° 1.06 bed
14 day 0.532 0.242 0.142 1.45° 1320 11.67° 0.67 <
July 23 7 day 038" 0.22 b 0.09 « 0.57¢  1.07¢  591° 0.85 <
3155018 21 day 0.35 b 0.20 ¢4 0.11¢4 0.47¢ 1.672 25522 0.384
14 day 0.36 b 0.25% 0.09 bed 0.59¢ 1.37° 5.37° 0.47 <
August 6" 7 day 0244 0.24° 0.05 0.54¢  1.17¢  6.02° 0.92 <
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In each column the means with similar letters are not significant based on the LSD test at 5% of probability.
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Table 6. Some physiological and biochemical traits of quinoa effected by planting date

halesl sl yless Jgid Jslxo sl jaup gy 5 ssllgo oglle
Experimental treatments Phenol Soluble carbohydrates Malondialdehyde
Planting date cuilS & 60000 0 mg.g"! FWemmmoeemm o nM.g' FW
July 6th ooy VF 83.3°P 0.290* 12152
July 23t olosls o ¥ 83.3b 04522 107.22
August 6 olosld yo V5 11642 0.3112 12732
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In each column the means with similar letters are not significant based on the LSD test at 5% of

probability
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Table 7. Analysis of variance (ANOVA) for plant dry weight, leaf area, and grain yield of quinoa affected by planting

date and water deficit regimes at Mashhad in 2020.
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@l wg Sy b wlooSlos Sfglgmolas  cadlboy pslh
S.0.V Olydd @le g5 Plant leaf area Grain yield Biological yield  Harvest index
Block (B) Sl 2 0.00012559 s 4068.4 116337.3 ™ 3.09 1
Planting date (D) clls &b 2 0.10273526 ™ 114833.9 ™ 145085.5 " 153.67 ™
DxB ks 4 0.00014609 s 1451.3 ™ 64276.7 1 3.28 1
g)”gaﬁ““ SolsS 2 001155715™ 25349.7 7204042 * 1.01
DxI Sl x el 6 4 0.00385981 ** 7510.2 1 294787.5 1s 18.1m
Error Ls 12 0.00045498 3685.7 393.9 88.41
CV (%) A JUUES UV 16.3 15.5 16.29 17.73
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*: Statistical differences at 5%; **: Statistical differences at 1%; ns: non-significant
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Table 8. The maximum dry weight and maximum leaf
area of quinoa in relation to interaction between planting
date and water deficit regimes.

cllS fyb bl sl e S b
Planting Water deficit Plant leaf
date regimes area (m%)
] 21 day 0.060 4
oloyed ‘[: 14 day 0.092 <
July 6 7 day 0.119°¢
21 day 0.166 ®
Lo
- 14 day 0.284
July 23 7 day 0303 *
21 day 0.043 ¢
olasls yo ‘: 14 day 0.049 ¢
August 6 7 day 0.053 ¢

ool St Gy S Pl Gl el s o 50
St s e 30,0 O Jloil mhans ;3 LSD (5051

In each column the means with similar letters are not

significant based on the LSD test at 5% of probability
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Fig. 2. Effect of planting date and water deficit regimes on grain yield of quinoa. LSD (5%). Planting date 1-3 are July

6th, July 23th, and August 6th, respectively
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Table 9. The Pearson correlation between the traits

1 2 3 4 5 6 7 8 9 10 11 12
adols

Chlorophyll a

2 bl 46
Chlorophyll b

3 F2 om0 1
Phenol

g JobesleeliamaS o g 1ss 0003 1
Soluble carbohydrates

5 OfsR gq9m 019m 023 026% 1
Proline

6 Seebldsehioke o oo 0420 032% 0004 1
DPPH

7 oSy lygSoul -0.01m -0.21™ 0.33" 0.26™ -0.23" 0.53" 1
Ascorbate peroxidase

8 ISl 0 0am 036" -027 036" 0.002% -0.65 023" 1
Peroxidase
9 Srebe (3w 001 0457 032 031" 03" 027 016" 1
Leaf area
10 SES 039 0 16m 023 013 0410 0.16™ 0418 -0.12% -048° 083" 1
Dry weight max
11 alsoydes ) som 013m 032% 0.04% -0.54™ 036" 0257 -032% 044" -0.06™ 1
Grain yield
12 bl Sl agm 0.00m 0417 -0.18™ -0.56™ 040% 051 023" -0.57" -024% 082" 1

Harvest index

O iz Cglds pas MS fhoyd gy e J0 1 xe gl o )d S e 50 Iy xe glas
*: Statistical differences at 5%; **: Statistical differences at 1%; ns: non-significant.
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Fig. 3. Effect of water deficit regimes on biological yield of quinoa
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