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Table 1- The results of physical and chemical properties of farm soil (0-60 cm depth)
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Results of soil analysis
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Table 2- Analysis of variance of seed yield and physiological traits of quinoa plant under different irrigation treatment and
potassium sulphate

T — " Jb b w3l
. - ) =3 ©lbeSewl o 31 2 3!
P eolil a0 dils o ,Slos 3l
PO Sl 5 pirvew 1pv} i
S.0v d.f. Seed yield . . Poly phenol
Catalase  Ascorbate peroxidase  Peroxidase .
oxidase
Sk
2 0.010™ 0.059" 0.024™ 0.010™ 0.004™
Block
;S)L:-.'T )L°--’
L 2 1.338™ 118" 2.81" 2.89™ 1.40"
Irrigation treatment
bl @8 (sl
. 4 0.012 0.010 0.031 0.015 0.003
Main plot error
ey Olidge
. 1 1.345™ 0.866™ 1197 0.544™ 0.025
Potassium Sulphate
by, Sy (55l jles
Irrigation treatmentx 2 0.021™ 0.004™ 0.0008™ 0.020™ 0.002"™
Potassium Sulphate
=P S sl
6 0.013 0.010 0.013 0.014 0.003
Sob plot error
6.195 5.658 4.546 7.073 4.172
CV(%)

Aoy ) 50 Jloisl mdan )8 ls e s 5 4y

ns, non-significant, * p <0.05, ** p <0.01
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Table 2- Analysis of variance of seed yield and physiological traits of quinoa plant under different irrigation treatment and
potassium sulphate (Continued)

&b @3l azy0 A Judg,ls b Judg s Ludgiig,ls Sy Sl apall (52 ¢y5llo
S.0.V d.f. Chl-a Chl-b Carotenoids  Electrolyte leakage MDA
Sk
2 0.005™ 0.0002" 0.011" 0.483™ 0.00009™
Block
c.S)LtfT )L‘M’
2 1.642"™ 0.101™ 0.011™ 455,5™ 4.42™

Irrigation treatment

kel oS s>

. 4 0.003 0.00007 0.013 1.03 0.0003
Main plot error
peliy Slagas " - o " -
. 1 1.483 1.868 0.610 273.1 0.696
Potassium Sulphate
ety Slilgax g Lol jlos
Irrigation treatmentx Potassium 2 0.017™ 0.00004™ 0.026™ 0.452" 0.005™
Sulphate
=P oS sl
6 0.026 0.0008 0.070 0.796 0.0002
Sob plot error
3.192 0.708 7.941 2.138 0.596
CV (%)

Aoy ) g0 Jloisl o )8 Jls e ol 5 4y s g sl Jee 6 NS

ns, non-significant, * p <0.05, ** p <0.01
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Table 3- Mean comparison for seed yield and physiological traits in different irrigation treatments

- Lt T T J.'j ‘51{' M};T
- wbygSewl w2 351 .
&l 5 Slos SYGE o 31 | | Sy o 351 oS
. oSl .
Seed yield Catalase _ Peroxidase Poly phenol
Ascorbate peroxidase .
oxidase
Skl sles
o (ton/ha) (unit/mg protein)
Irrigation treatments
oS (T Ay b (5L
2.309° 1.263¢ 1.855°¢ 1.025¢ 0.894°

Irrigation to the full maturity stage
B 5,5 Al e b sl
Irrigation to the beginning of the 1.366° 1.799P 3.218° 2.407° 1.822%
flowering stage
£ e dloyo b (gL
irrigation to the dough development 1.877° 2143 2.438° 1.609° 1.125°
stage
25505 3,0 0 Jleol s 10 LSD (5031 Loll 0 (5,15 sime gl coiiind S pidin By S5 sl JBlas a5 lo  Sile cio o (glp

Means with a same letter are not significantly different at 5% level of probability according to the LSD test.
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Table 3- Mean comparison for seed yield and physiological traits in different irrigation treatments (Continued)

. Jde,ls - e T
a Judg 5 X i g5 S e sl 8 Gollo
Chl-a Chl-b Carotenoids Electrolyte leakage MDA
Syl sl
o (mgl/g FW) (%) (nanomol/g FW)
Irrigation treatments
Sl (S, a0 b &k

2.529° 1.8392 1.4092 35.7¢ 1.332°

Irrigation to the full maturity stage
Bl al>ye 9,8 b g L]
Irrigation to the beginning of the 1.492¢ 1.582° 1.3272 51.7¢ 3.013®
flowering stage
£ G Ao b gl
Irrigation to the dough development 2.134° 1.746° 1.350° 37.8° 1.869"
stage
2555 358 0 Jleorl o 10 LSD (5031 Lolsl 0 (5,15 sime gl coiiind S pidin By S5 sl JBlas a5 Sla o Sile o 2 (glp
Means with a same letter are not significantly different at 5% level of probability according to the LSD test.
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Table 4- Mean comparison for seed yield and physiological traits for potassium sulfate treatment

_ b ,S..J 5 il _ -
w18 5 SLos B 5T P L U e N e
oSty
Seed yield Catalase Peroxidase Poly phenol oxidase
Ascorbate peroxidase
oty L) g . )
. (ton/ha) (unit/mg protein)
Potassium Sulfate
5,0, pae
L 1.577° 1.515° 2.246° 1.506° 1.243°
Non-application
5,5
L 2.124° 1.954* 2.761% 1.854% 1.318°
Application

A55la5 a0 0 Jleis | el 13 LSD 031 ubosl 1 (5,15 cime gl ciiid S e By S shls JBlas a5 ple Sl cho jo )y
Means with a same letter are not significantly different at 5% level of probability according to the LSD test.
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Table 4- Mean comparison for seed yield and physiological traits for potassium sulfate treatment (Continued)

el Gl gas a Judg s b Judg 5 adgids,ls S Cd sl g2 oylle

Potassium Sulfate Chl-a Chl-b Carotenoids Electrolyte leakage MDA
(%) (mg/g FW) (nanomol/g FW)
s
R 1.765 1.400° 1.178° 45.6° 2.134°
Non-application
i3
Q)_"U X 2.339% 2.0442 1.546° 37.8° 1.875°
Application

25505 3,0 O Jleol s 50 LSD (5051 Loll 1 (5,15 sime gl coiiind S pidin By S sl JBlas a5 lo Sl cio 2 glp
Means with a same letter are not significantly different at 5% level of probability according to the LSD test.
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Table S- Mean comparison of irrigation treatment and potassium sulfate interaction on MDA in quinoa plant

aaaall (50 ;glle
MDA
Wl lews by el
sl e sy SR (nanomol/g FW)
Irrigation treatments Potassium sulfate
J’“ls L;A?‘“) 41)!" b t-g)L‘;‘ Qﬂ)‘s P“\c 1551(-3
Irrigation to the full maturity stage Non-application
> 1.113"
application
gsb“\b’ 41>)"° Egro G t5)L¢?] QJ‘U‘S i 3.1772
Irrigation to the beginning of the flowering stage Non-application
> 2.848°
application
Pr Gped >y b t5)lﬂ’~"\ 5,5 pas 2.046°
irrigation to the dough development stage Non-application
2 1.662°
application

25,105 2o y0 O Jleil s 10 LSD (5031 Loll 5 (5,15 sire &gl coiiiand S yidie By G sl JBlax a5 la oy Sile
Means with a same letter are not significantly different at 5% level of probability according to the LSD test.
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Abstract

Introduction: The gquinoa (Chenopodium quinoa Wild) belongs to the Amarranthaceae family. This
plant has a high nutritional value and shows tolerance to abiotic stresses such as drought and salinity.
Drought stress is known as an important environmental stress that creates serious limitations for crop
production all over the world. Drought stress may cause the production of reactive oxygen species in
plants, which damages lipid and protein structures and causes the cell membrane to lose permeability
and selectivity. Potassium is a mineral substance that is necessary for various biophysical and
biochemical processes. It is important for the production of crops and can be a limiting factor for the
production of crops under certain environmental conditions, such as salinity and drought. Quinoais
somewhat resistant to drought, and Kerman province is considered one of the dry areas. Therefore,
cultivation of drought-resistant plants and strategies to increase drought resistance and improve
agricultural and physiological traits in this plant are necessary. Considering that no research has been
done in this field on quinoa plants in the climatic conditions of the Kerman region, the present study
was conducted to investigate the effect of potassium sulfate fertilizer on seed yield and some
physiological traits of quinoa plants under different irrigation treatments.

Materials and Methods: The experiment of split plots based on randomized complete blocks design
with three replications was conducted at the research farmfarmof the Agriculture and Natural
Resources CentreCenter in Kerman province of Iran in the 2020-2021 crop year. The main factor
included three levels of irrigation treatment (irrigation to the full maturity stage (control), irrigation
to the beginning of the flowering stage, and irrigation to the dough development stage), and the
secondary factor included two levels of potassium sulfate fertilizer, including its application and non-
application. Physiological traits including the content of chlorophyll a and b and carotenoids, ion
leakage, malondialdehyde content, and the activity of enzymes such as catalase, ascorbate peroxidase,
peroxidase, and polyphenol oxidase were measured. After confirming the normality of the data, the
errors were also checked for normality. Then a variance analysis of all traits and an LSD mean
comparison test at the five percent level were performed with SAS software version 2.9.

Results and Discussion: The effect of irrigation factor and potassium sulfate on seed yield and all
measured physiological traits (content of photosynthetic pigments, chlorophyll a, chlorophyll b, and
carotenoids), activity of antioxidant enzymes (catalase, peroxidase, ascorbate peroxidase, and
polyphenol oxidase), electrolyte leakage, and malondialdehyde content) were significant. The highest
seed yield (230.9 g/m2) was observed in control plants and the lowest (136.6 g/m2) in plants grown
under irrigation conditions to the beginning of the flowering stage. Drought stress decreased the
content of photosynthetic pigments and increased the activity of antioxidant enzymes, electrolyte
leakage, and malondialdehyde content. The application of potassium sulfate caused an increase in the
seed yield compared to its non-application in all three irrigation treatments by an average of 25.8%.
Physiological traits also improved with the application of potassium sulfate.
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Conclusion: The yield of seeds and the amounts of photosynthetic pigments decreased in proportion
to the increase in drought stress, and the ion leakage and malondialdehyde content increased, which
indicated the harmful effects of this stress on growth parameters, photosynthetic apparatus, and cell
membrane stability. The activity of antioxidant enzymes increased under stress conditions, which
indicates the enzymatic defense responses to oxidative stress. The application of potassium sulfate
led to the improvement of seed yield and physiological traits in both normal and drought -stress
nvironments. Due to the fact that drought stress affects the physiological traits and ultimately leads
to a decrease in the seed yield of the quinoa plant, potassium sulfate fertilizer was used to compensate
for its harmful effects.
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