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Extended abstract
Introduction
The use of new agricultural technologies such as bio-elicitors is a valuable approach to reduce effects of
drought stress. The present study investigated the prospects of enhancing yield and some physiological
properties in quinoa under different levels of plant water requirement using elicitors, such as methyl
jasmonate (MeJA) and salicylic acid (SA) elicitors.

Materials and methods

The aim of this study was to evaluate comparative effect of elicitors MeJA and SA foliar application on
the yield and yield component of quinoa under drought stress. This experiment was conducted during
2020-21 cropping season as split plots in a randomized complete block design with three replications at
research farm of Zabol University, Iran. The main plots was irrigation regimes at three levels: 100, 75,
and 50 percent of crop water requirement and sub-plots of foliar spraying in six levels including: Control
(sprayed with distilled water), 70% ethanol, 0.5 mM SA, 0.5 mM MeJA, 1 mM SA and 1 mM MeJA. In
this study fertile branches per plant, sterile branches per plant, panicle numbers per m2, seed numbers
per panicle, 1000 seeds weight, leaf relative water content, chlorophyll index (SPAD) and seed yield were
measured. Determination of irrigation cycle and crop water requirement was based on CROPWAT 8.0
software and Penman-Mantis equation. For plant coefficients used FAO default data. Irrigation planning
was determined with 85% efficiency and water volume of each plot calculated using a digital water meter.

Results and discussion

The physiological response of the plants in terms of relative water content (RWC) was improved by 100
and 75 percent of crop water requirement conditions. The relative water content of the leaves decreased
significantly under the influence of drought stress, although there was no significant difference between
the control treatment and the supply of 75% of the water requirement of the plant, by increasing the
stress intensity to 50% of the water requirement of the plant, a decrease of 31.6% in the relative water
content of the leaves was observed. Additionally, doubling the elicitors concentration increased the yield
and non-yield traits. Foliar application of MeJA and SA significantly increased the seed yield and fertile
branches and sterile branches per plant, panicle number per m2, seed number per panicle and
chlorophyll index treats. The use of 1 mM SA gave the best response after MeJA. Despite providing 50%
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of the plant's water needs, plants treated with 1 mM methyl jasmonate produced 45% more fertile shoots
than plants sprayed with distilled water. Drought stress increased the number of infertile shoots by 77%
compared to control plants. Increasing the intensity of drought stress and decreasing water availability
decreased the filling rate and ultimately the seed weight. The application of 1 mM concentration of
methyl jasmonate and salicylic acid increased the chlorophyll index compared to the control. Based on
the results of comparing the averages, the highest level of this trait (46.84) was observed in the
concentration of 1 mM methyl jasmonate. The positive effect of methyl jasmonate on the chlorophyll
concentration of leaves may be due to the increase in the number and size of chloroplasts. The results
showed that the interaction of irrigation and foliar application had a significant effect on all traits except
1000 seeds weight, RWC and chlorophyll index. The highest seed yield (2929.3 kg hat) was obtained
from 100 percent of crop water requirement (4662 m3 ha) with 1 mM MeJA treatment.

Conclusions

Our results showed that impaired water supply of quinoa with significant loss of relative water content
endangers cellular health and reduced yield. In general, it can be said that, to achieve maximum yield of
quinoa it is possible to use 100% of crop water requirement with 1 mM MeJA foliar application.

Keywords: Chlorophyll index, Fertile branches number, RWC, Water deficit, Water requirement.
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Table 1. Climatic parameters of the experimental site in 2020 and 2021

Lo Jilas ¢fileo lod yaslas oyafiles Sk Ol Sl
ol Mean min. Temperature ~ Mean max. temperature Mean Precipitation
Month °C 'C mm
2020 2021 2020 2021 2020 2021
(November) LT 6.9 22.04 - 35 -
(December) ,31 2.3 16.4 - 0.9 -
(January) g - -0.8 - 17 - 0
(February) ¢y - 6.2 - 24 - 0
(March) sl - 12.3 - 30.5 - 0
(APril) ¢y3.9,9,9 - 17.9 - 35 - 0
(May) ol syl - 22.4 - 37.6 - 18.2

07 $B 4 ya8 ojlabial 5 2800 culpe 5l (aLS
w5 e (Allen et al., 1998) (V o) o solin!
> g el 0o )0 AD pleadly (53 L 55kl 55 y4eliye

1558wy ab;y 0,90 IS 50 O, e 4 sadesls Ol
(¥ J9az) 20 5 anlze

Sl Tobw 51 G 58 50 (HLSe 50) jLisyg0 ST JS.Y Jgu
Table 2. Total required water (per hectare) at each
irrigation level

Sl
Irrigation level

(o) o> y56o
Volume m3

I I3

3496.5 2331

oS T 5l amps b gV -
I1, I2and I3: 100, 75 and 50 percent crop water requirement,
respectively

gl a0 )kl ol ol (otilojl b s
oS 2l 5k weps Ve Jolee LS )kl ) Jelt
s kel =Y ssﬂ 5L s, VO Jolee (g lol Y (aals)
P dels (Aldslre (£ Jele 5 2l Sl aoy0 00 Jolee
(3l B pan (g0 e T L (L5 Jsloe) sals imla
Jite Vs o <10 Selpcdlis apusl V- Jsilbl ol
Wseidhee S Sl sl Vg doo + 10 Slganl
E970) 88 sl Al 50 53 )3 Voo oo o Sbgenslr e g
09e Jolowe Jlade 285 plonil (ails (ol 5 g (20lS
Al ad)S I e S po i B Gl S e
PS5l basgs syl o 50 DT (i 5 590 (s
plost ol T 55 Gl 2 g oy g &
bzl Jowe ddlis B culiilsn sloosls jalaie oy ol
il o 5 ol 5 sl g 35T (elidlse Glejl 51 alej]

I. CROPWAT 8.0 software



VEY Jlp OV als sl pole o awme sla i Yy

1.4 4
1.2 A
1 -
0.8 -
<
0.6 A1
0.4 -
0.2 A

st Ke
Terminal Kc

sl Ke
Initial Kc

[
Crop coefficient

O T T T T T T T 1
0 25 50 75 100 125 150 175 200

Day after planting KX 25 INCTR T

JgiuS (5l oolaimls yg0 (KC) (o2LS Colps ) JSCis
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Table 3. Physical and chemical properties of soil (Depth of 0 to 30 cm)
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Table 5. Mean comparisons of interaction between irrigation different levels and elicitor for measured characteristics

of quinoa
b aslholoxy 59,00 a5l olaws 3O Algs Sluws 30 &l slaxy
; Ay 0 g1y &0y g
k! s¥dl Fortile branches  Sterile branches  Panicle numbers ~ Seed numbers ~ 41° 9y5es
Irrigation (1)  Elicitor per plant per plant per per panicle Seed yield
m? kg hat

Control 4,47 2.20¢ 111.8¢ 545,1% 1897.9¢%f

El 4 gefon 2.20¢ 176.0% 703.9bcd 2101.1¢d

. E2 7.3%¢ 2.50¢ 187.5%¢ 858.72¢ 2380.4°¢
E3 7.43¢ 1.8¢ 227.02 829,138bcd 2519.6%¢

E4 8.1® 1.8¢ 168.4bcd 878.7% 2885.3%

E5 8.92 1.2¢ 225.62 901.4A 2929.32

Control 4.3 3.92 126.3¢f 326.7¢ 1622.9fh

El 417" 2.3% 127.9¢%fo 454,58 1764.6°%

. E2 6.0cde 2.20¢ 166.3¢% 645.6% 18920

E3 5.0def 2.1k 124.0 624.5% 2386.4°

E4 6.2cd 2.4b¢ 208.7® 649.2¢ 2500.5%¢

E5 6.5 2¢d 163.4cdef 705.6° 2498.5"

Control 3.3" 3.92 110.8¢ 241.4F 830.5

El 3.7fn 2.8 118.69 320.5° 1243.1"

s E2 3.9fon 2.4b¢ 148.6°4f 578.1¢de 1435.3¢9"
E3 3.49h 2.5%¢ 1219 532.9% 1808.3¢f9

E4 3.49h 2.1 122.4% 600.8¢de 2270.1¢

E5 4.8°9 2.1 128.3¢%f9 611.4% 2458 .4°

3,105 (6,0 sme g5 wuoys O Jleiol 4 ool cdadloe o e B JBlos 905 b S i B O JBlas sl e He 50 oSl
Sl sl Vg0 Lo VB4 lbgonls Jute Ygo Lo +/0 E3 o« Slbiwdlo sl Ygo oo <10 B2 s jo Vo Jgibl Bl hais O als
olS 5l om0 B g VO N i 4131 612 dl . olgenls Jite Yo Lo ) 1 E5,
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