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Introduction

Since the development of crop cultivation and their yield depend on irrigation and since drought is one of the
features of our country, one of the solutions to deal with these problems is the implementation of applied
research in the field of stress-resistant plants cultivation such as quinoa. Also, considering the important role of
potassium and zinc elements in the plant, providing a sufficient amount of these elements under drought stress
can be effective in increasing the plant's resistance to this type of stress. Considering the genetic differences of
plants and their different reactions in the face of environmental stress such as drought stress, and different
fertilization of genotypes, it seems necessary to carry out this research to investigate the application of potassium
and zinc chelates on the morpho-physiological and yield indicators of three quinoa genotypes under drought
stress conditions in Razavi Khorasan climate.

Materials and Methods

This study was conducted to study the morpho-physiological and yield responses of three quinoa genotypes
to foliar application of zinc and potassium chelates under drought stress conditions in a research educational
farm - Faculty of Agriculture of Islamic Azad University, Mashhad branch located in Golbahar during two crop
years 2018-19 and 2019-20. The experiment was a factorial split plot in the form of a basic randomized complete
block design with three replications. Drought stress at four levels as the main plots (normal irrigation as a control
treatment, 75% of crop capacity, 50% of crop capacity, and 25% of crop capacity) and as the sub-plots, the
combination of quinoa cultivars at three levels (Q26, Q29, and Titicaca) and foliar spraying were tested at four
levels (no foliar spraying as a control, 100% zinc chelate, 100% potassium chelate and 50% combination of zinc
and potassium chelates). Planting was done in the middle of May in both years. To measure the photosynthetic
pigments after 10% flowering, sampling was obtained from the young terminal leaves separately from each plot.
Analysis of the obtained data was done using SAS 9.2 software. The mean comparison of the evaluated traits
was done using Duncan's multiple range test at 5% probability level.

Results and Discussion

The growth and yield indicators and photosynthetic pigments decreased with the increase in stress intensity.
Results also showed that the combined foliar spray treatment resulted in higher height, plant weight, number of
seeds per spike, seed, and biological yield than other fertilizer treatments. Although different varieties had
different reactions to different traits, the highest plant weight, number of seeds per spike, thousand seed weight,
seed yield, and chlorophyll a and b were obtained in the Q26 variety. The highest plant height and biological
yield were obtained in the Tricaca variety and combined foliar application under non-stressed conditions, and for
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plant weight, number of seeds per spike, seed yield, and chlorophyll b traits were observed in the G26 variety
and combined foliar application under non-stressed conditions. Also, the highest amount of harvest index and
chlorophyll a were obtained in the treatment without stress and Q26 variety and 100% Zn foliar application. On
the other hand, the highest 1000 seeds weight and carotenoids were obtained in 100% K foliar application and
Q26 and Tricaca cultivars under no stress, respectively. In the second year of the experiment, the growth and
yield of the plant increased significantly compared to the first year under different levels of irrigation and also
different levels of foliar spraying.

Conclusion

In general, in this experiment, the yield of the quinoa plant is reduced by reducing the amount of water
consumed and as a result, the occurrence of drought stress, but with the use of foliar spraying, especially
combined foliar spraying, the adverse effects of drought stress on the performance of this plant can be reduced to
an optimal extent. It seems that in the region in question, the difference in rainfall and evaporation, and
transpiration in the two years of the experiment had a significant effect on the studied traits so that in the first
year compared to the second year, the limitation of water resources was more effective in reducing plant growth
and yield. However, using appropriate amounts of combined and separate foliar spraying to increase the plant's
ability to absorb water more effectively is a suitable method to increase the yield of different quinoa cultivars
under drought stress.
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Table 1- Meteorological statistics (monthly) of Mashhad Synoptic Station during the experimental period in 2018-19 and

2019-20
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Month Rainfall (mm) Twmin (°C) Tmax (°C) Sunshine duration
2018-19 2019-20 2018-19 2019-20 2018-19 2019-20 2018-19 2019-20
September 2.32 0.12 11.6 9.7 26.2 24.6 9.25 8.84
October 17.85 6.3 4.01 7.3 154 227 5.52 8.02
November 8.37 2.56 1.47 -0.13 12 12.01 51 5.99
December 54 44.97 -0.96 -0.03 8.92 135 4.84 5.94
January 6.8 22.96 0.54 -0.69 11.98 12.02 6.49 6.06
February 41.53 54.93 4.72 7.5 16.7 175 6.49 4.38
March 329 37.75 6.88 8.98 16.65 20.6 5.25 5.62
April 37.37 41.86 13.75 129 255 25.9 8.30 7.76
May 0.5 18.11 19.06 18.2 35.4 328 12.6 10.94
June 4.03 0.01 20.74 227 34.7 37.8 11.64 12.59
July 0.3 0 20.79 21.3 34.7 35.3 11.60 11.91
August 0.21 0.11 15.16 15.6 29.7 31.2 10.67 10.67
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Table 2- Selected properties of the top soil (0-30 cm) of the experimental site

Year N (%) P(mgkg™) K(mgkg™?) Organic matter (%) EC(dSm?% pH

2018-19  0.06 12.6 256 0.58 2.22 7.2

2019-20  0.05 12.1 248 0.56 2.20 7.2
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Keshtkar, Aien, Naghavii, & ) ;,LSea ¢ ,IKiS olisles]
o bl )3 108" alises pB)) (g9, 0 (Najafi Nezhad, 2021
A 3l L8l ol ol sl Sogerwls (8l Jodze 5 (Sis
Khademian, Ghassemi, & Asghari, ) -, g ;lLesls

wlelos Jolite 31 as aisly 3155 565 iulejl )3 (2019
5 St g a3l Wiy fB)) 2 Ol 29108 (15 50 Sl Jlre
Py 45 48 gyabody gy Yo bze S5, Wgy 59 Cules jo
Soolaiwl ol yad &y (i oy Hlewd 0 S5, gy Gluoguad

Table 3- Variance analysis of morphological traits, yield components, and yield of quinoa under the influence of different

treatments
(Mean square) Wl w cpwiibe
e ot - 2L 5> 4> dlaas 53 cp s
i gl @r el ojy ol RS ;-”‘9 5,Sdos 5,Slos oL
Source of Sl @y &gy Thw dg> w15 ails Sojgden Gl
Variation d.f - Number of Weight .
Plant Plant Sy Seed Biological Harvest
height ~ weight seedsper  of 1000 i yield index
LAI spike seeds
(Y) (Year) Jl 1 41.6™ 1043 2547 6693531 6.01" 3579123 42540422  1120™
Rep ) Jls cgllas
wear 4 329 431 0.51 370232 0.031 53295 3296870 463
(Irrigation regime) 3 94597 28597 247" 5725275 0.836" 6340835~  16442638" 861"
(S)
Y *S 3 35827 1897 0.01" 332028™ 0.032" 92762" 292128™ 134"
(Y)SRep s 12 80.5 21.4 0.02 364529 0.019 34393 99592 435
Foliar ) sl - - - - - - - -
J sk Jobne 4252 872 2.76 5986109 0.201 4220124 18528713 500
(F) (spray
(C) (Cultivar) .3, 2 694.2" 2751  3.23" 6430022 257" 520538 1006304 77.3™
S*F 9 92.7" 3716 3.04™ 1544350™ 0.990" 88779™ 1875758™ 469™
S*C 6 3257 1448™ 11.77 13776340 3.73" 660862 4165889 597"
F*C 6 834 173 3.36 1355946 1.03 156632 2721701 301
S*F*C 18 3517 7417 4.20™ 1899775™ 0.795™ 94269™ 2319243™ 446~
Y *F 3 2575™ 195" 3.09™ 620091 0.018™ 865600 5233655 164"
Y *C 2 46.1"™ 27.9" 0.02" 307422™ 0.104™ 92025™ 11090™ 318™
Y *S*F 9 623"  1244™ 5.20™ 1197649™ 0.167" 2706517 2769524™ 437"
Y*S*C 6 459™ 8.46"™ 0.05"™ 122179" 0.047" 713875 82091" 636"
Y*F*C 6 19.3® 29377 1.99” 1988590 0.115™ 205849  5563628™ 874"
Y*S*F*C 18 158 2529 2.09 821012 0.119 160238 3280208 173
Total ) JS' (llas
frror 176 62.7 15.3 0.03 193425 0.010 16436 110934 432
Olyass o b
Coefficient of ) 10.3 12.9 104 10.3 4.3 8.8 9.9 14.6
(variation

Sl o I pze iglds pe 5 doyd gy oy S Jlain] a3 Iy gize Cigles Kby i 54 NS
ns, *, **: non-significant, significant at p = 0.05 and p = 0.01, respectively

* ‘**
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Table 4- Comparison of the average main effect of the year on different traits

Jlo S 39 f}”“w adgh iy dlaai &byl o5 4> 3 Slos S 5909m 3,5dos :’::
Year Plant Sy maw Number of seeds Weight of Seed yield Yield Biological %
weight (g) LAI per spike 1000 seeds (kg.ha®) (kg.ha) Harvest
index (%)
2018- b b a b b b a
19 28.4 1.47 4121 2.21 1339 2992 47.0
2%9' 32.2% 1.66% 4426° 2.50° 1562 3760° 43.0°
(D=<0.05) 35,15 (6,5 sime glis o> gty Jlosn] grbans 53 S o B9 > syl (sl Silio
Means with similar letters are not significantly different at 5% of probability
9 oLS digs g1 2 o8 x (Wl Jglone x (Subd (AT ailaw (EiSen -0 Jgaa
Table 5- Triple interaction of drought stress x foliar spray x cultivar on quinoa plant height
S 395 ) Gy g3 Seis 395 ) G gl
Irrigation regime  Fertilizer  Cultivar _ Plant height (cm)  Irrigation regime _ Fertilizer Cultivar _ Plant height (cm)
Tircace 66.6°" Tircace 86.95¢
Control Q29 55.7% Control Q29 56.0"
Q26 38.8" Q26 76.5%°
Tircace 73.5" Tircace 83.5%
100 K Q29 71.2% 100 K Q29 79.4™
Q26 72514 Q26 86.79
FC 25 Tircace 61.2™ FCT5 Tircace 76.59°
100 Zn Q29 60.2% 100 Zn Q29 86.2%9
Q26 58.6" Q26 745"
Tircace 64.37¢ Tircace 97.8%¢
50 K+ Zn Q29 69.4" 50 K+ Zn Q29 81.2%
Q26 76.79° Q26 93.6°¢
Tircace 78.1™™m Tircace 84.9%"
Control Q29 46.6"" Control Q29 80.6™
Q26 65.0"" Q26 80.4™
Tircace 745 Tircace 81.07
100 K Q29 68.0'“'7t 100K Q29 99.12’c
Q26 84.0% Q26 94.3>¢
FC 50 Tircace 67.0™ FC 100 Tircace 87.2°°9
100 Zn Q29 77.7™" 100 Zn Q29 84.6°"
Q26 63.5% Q26 92.2%¢
Tircace 88.4%T Tircace 105.5%
50 K+ Zn Q29 71.0¢" 50 K+ Zn Q29 104.0®
Q26 83.4°%7 Q26 92.5%¢

(p<0.05) w5l (gls gixe olds duop ety Jloitn! gl > S o By shyly (sl Slo
Means with similar letters are not significantly different at 5% of probability

£33 )3 et 3 a8 01Som) ol Sy st ety
sg=a 45 Klo3 )5 ST 9 03,5 o)Ll ok drwgs o Jge 9 ol
Sl (6)9p=8 LS (lgn P18 5 S drwgs (Sl pais
553 &, b 5l (Azizabadi, Golchin, & Delavar, 2014)
Ol g Jde)lS cale p y8l 4 dr g b (gy) pais jl eolitl
M_CL 4SS ods me); ).u.wy.‘i u.\.ul).‘)‘ G 0y Lgl.tbo.)w.{p‘.\aﬁ
el 00d Sy s 9 gy ()9 )] (odag) Sluogad il

Wile (LS e Ol 5l plS g (leidlo )3 mawly 4251

Ot lsisdn Lol il €858 il 5 a2 o
LS 5 ol (1wl 1> oo G5 (LS (slay T eaiiS b
O S LS aaiiSlal slam 3l (3,857 b 53 masliy 31
5 o GhalS el ol 35S > et 4 S o o)) sare
O3 bl )3 9 S daw (2lgn plal A e )3 oA olS L
OB A Sdmgh Sl (B 500 Bl b e (alS &
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&lg 50 iy gy i byl il g LS (laiss bayl b deu

S S i Il nlS & S 15, 350 b 8l Jloxs
(Azab, 2016) 5,5 S8

(Zea mays) > ol S gl ai)l 3 gy e g} 40
Lamochi & ) ud lgsis jiwgd deue «59) b oadd ol Jolno
9459 (g W) ANB) &8 s 0 Jlas 4, (Sakinejad, 2019
2 Shgone e 1 & gl |y bojlosd o ol Sy o

95 2LS Wigy EU5)) o oy  (olydghone X (Suld (T ailauw (SR 5 T Sy
Table 6- Triple interaction of drought stress x foliar spray x cultivar on quinoa plant weight

e 595 o) g gl s 55 ©2) g gl
Irrigation regime  Fertilizer Cultivar Plant weight (g) Irrigation regime Fertilizer Cultivar  plant weight (g)
Tircace 31.5%" Tircace 59.8°
Control Q29 14.6%9 Control Q29 34.3M
Q26 5.69" Q26 26.8"
Tircace 25.3M Tircace 31.8"
100 K Q29 3.64:3 100 K Q29 30.491
Q26 24.3™ Q26 29.8%
FC25 Tircace 66.12 FCT75 Tircace 31.391
100 Zn Q29 47.9° 100 Zn Q29 12.7°7
Q26 23.4™ Q26 14.7°¢
Tircace 26.5" Tircace 29.9%%
50 K+ Zn Q29 3.69" 50 K+ Zn Q29 30.59'1_
Q26 17.9™ Q26 31.0%
Tircace 21.2™ Tircace 15.7°°
Control Q29 16.2° Control Q29 10.5%
Q26 33.9 Q26 36.7°
Tircace 328 Tircace 54,0%
100 K Q29 28.0" 100 K Q29 51.2‘:)e
Q26 25.2m Q26 59.3
FC 50 Tircace 24.8kM FC 100 Tircace 25.6M
100 Zn Q29 9.31% 100 Zn Q29 12.87"
Q26 56.9% Q26 31.5%"
Tircace 31.7" Tircace 49.6%
50 K+ Zn Q29 28.4M 50 K+ Zn Q29 56.20
Q26 24.1™ Q26 64.7°
(P=<0.05) 35,5 (6,5 stme gl hoy> gty Jlain] grdans 3 S e g s> (slaySiloo
Means with similar letters are not significantly different at 5% of probability
2 oadld ol e oy ob L ol oS Jaws 1y (Sis aSlas gl 5l

Q26 5, g (55 (Sl gloxe g do o ol); cud)bs balys
lslre g (ol Syl 100 VO Jlo & a5 ol Candey
Adgd 43 a0l olaes Mo yd VOF e 4 Tircace o3, 5 100 Zn
(A Jogds) o L 1y (o i
ol Sl ol gl Slao iy 4 14315,158 (59
WBg> GliSonyy (rizeed 9 08 9 (gl (b G5 Jl
Bl Jsbre s X (S8 5 fp < 0.05) (K5 i ¢ Lo
X (Sid i a iBaw (iiSeny s g pdy X Jlw g pBy ¥
ol e X (St 5 o a5 68 % (5 Jgbro
5 s X ol o X Jl 31 5 08y X (Sts g x Jlo
D<) b X oo x (Kb 5 X Jlo 415 e iiSon s

230 gLt @l (Y Joiz) 392 jloisine G2 (39 59y 2 (0.01

Syl uilyls 4355 gl 4 do g b g 4> Aild dlawd

Sy e 5 0y 3 Al S 5 s L)
(b y X (Sdd i fp < 0.05) b Jgdoee x Jlus a8
S WSt Syt o3l e X Sl 5 o % 3l g
S5 i % Lo e 3 oy X (sSb e x S8
Sid 5 X Jlo A8l iSen g 08, X 1 g (BbJgle
adgd ) il slia 55y 2 (p = 0.01) o5, x 3k Jg-Lre x
4 S Glalojl pg> Jlo 53 00 (L5 gl (Y Jpiz) 051yl e
ol Canddy gy ddgd )3 ab Sl dop Vi 4 Jgl Lo
g 5 5 i gl s 3 15 sz ¥ Jpi2)
o e 2 S 5 Gl Jy a5l iz
ol B ol gl Sl Jaloe 1 ealitul wis ya i diwlS” s s
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Oy Golas 45T A5 5135 Tircace o8, 9 100 k sl Jsbxo
(A Jgi2) 2dle 203 W bl (a3 ls cpl Glise (32505 9

0359 3o V¥ e o iulejl Jol Jlw 4o s pgd JLuw
Ol Slio (55Sle aulie (¥ Joiz) 392 Ll 1y (g yndes 4ill50
S pSacin yodoay s pae balyd jd (5L Jglxe 5l el ol
059 Ol s LR s ili8l b ailbylie 5 ey el
Lo Voe e 0 sl oyl liee cppide b dwlS dil)lia
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Table 7- Triple interaction of drought stress x foliar spray x cultivar on quinoa LAI

Seis 395 o) Spghe sl Seis 595 o) Spghw sl
Irrigation regime  Fertilizer _ Cultivar LAI Irrigation regime  Fertilizer  Cultivar LAI
Tircace 1.51™ Tircace 0.482""
Control Q29 0.451" Control Q29 1.15"
Q26 1.49™° Q26 1.54%P
Tircace 1.84"M Tircace 1.44™
100 K Q29 1.61%° 100K Q29 0.771:'u
Q26 1.27% Q26 2.14%
FC25 Tircace 1.16" FC75 Tircace 0.853%
100 Zn Q29 0.68%Y 100 Zn Q29 1.39%
Q26 2.07 Q26 1.65"
Tircace 1.75 Tircace 1.41°¢
50 K+ Zn Q29 1.53" 50 K+ Zn Q29 0.734%
Q26 1.26% Q26 2.26
Tircace 4.16" Tircace 0.891°
Control Q29 0.269" Control Q29 1.67""
Q26 0.673" Q26 1.09'
Tircace 2.47° Tircace 2.45°
100 K Q29 1.47™4 100 K Q29 1.96?;1
Q26 0.744%" Q26 2.08
FC50 Tircace 1.72" FC 100 Tircace 0.852%
100 Zn Q29 0.556"" 100 Zn Q29 457
Q26 0.630"" Q26 2.90°
Tircace 2.69¢ Tircace 2.45°
50 K+ Zn Q29 1.62K° 50 K+ Zn Q29 1.86"
Q26 0.715% Q26 2.18f

(p<0.05) 5,165 (g )ls dime 5la5 duo s iy Jloin] grdaw )3 S yido By > (gl (sl SLio
Means with similar letters are not significantly different at 5% of probability

S sl oS 5, LS b Joone S 5355 OS5
a2l 1y )5 ) 5 Cunl B &S 258 0 6555
Casamali, ) aa> olas] o 4 Sis osle (S ol meds 5 1l
JLid 4 g ddgd dlasi a5 )0 (van lersel, & Chavez, 2021
Salehinia, ) L >dlo ol o il 38l adgs 3 ails sluws
Ly oyl oS abgd 55 ails slaws o o 395 yiwlejl ,> 55 (2019
Pl b idh 35S ilal 5 sdsegs) polis (Sl Jgbre o 5
9 ke 950 g 9)S Lo yolic 4dis ol om ay Jgeme 5l
OB bl S baails g o JS 4 (g 5ngid Slge yarass
2 b dlas Lais cely g 039 yigy 355 5l ooldinl pas 4 (Sl
5l Cdo ol (pincawl (gormd i s oyl sl oad g
bl 5l S s (ol Iy oo SaS 5SS 5 Jole
ew sty 13 ol jiwed i bl b )3 K5 Gyl il

Sbap)) 3 Shee il (ials > Jhe Vs j1 (S

sl ol el Liss 9 Slizslod, 5 o490 ialS es,lolaS
ohly e (b (Sis (i g cugb) (Rl L gBly > sl s
LaJS Gbiey 5 4S8 (s b o U5 Wge ol
(Farokhian, Tohidi-Nejad, & Mohammadi-Nejad, 2021)
Mas i Al (glodgS il Jalore Hlaw 487 A odaline
o=l dsed e 1) (Sesamum indicum) s ous asgy > B
5 ol sloe Jole iSamyy (g o 48 3 B l5S ol
2 dwly Jolowe jlawd o digy ;o BME slaay oy pidey (Sl U5
O slesd )3 g 50 BNE Db (a8 g oS (o)l sl
Farokhian et al., ) sl cassas ()bl pae jlows )3 b gl
Jobto sl 55 o olyemas 5393 iy 6yl Of 42 p» (2021



YOV i slosss 59 Shas 5 (Sl e 3190 slomly (o l50d 5 iSinn

5 by Syme glaigsyon a g (il iy o (Bl slore 38
095 Jo-b QI3 b O g lie ol &) (s a5
Sjlee al3 1) &l ()05 0)93 yides pglts Sl olS (503,
5 SLL .(Seyed Sharifi, Namvar, & Seyed Sharifi, 2017)
Babaei, Seyed Sharifi, Pirzad, & Khalilzadeh, ) |,lSes
3pylS Ll o 1y paiS ailsy g STas il cle 35 (2017
Oli8l ey ) Cundg d9te 9L g 9ySee polie (L Jsle
i85S lgme Sl rizmen 5 (aS| il slaml collad

.(Babaei et al., 2017) wsl> Caus

Pl sy Gials 9 S ladijey o dws Jud 4 Sy
b EaLS Lol 1 (B 5uS Cadgise g ()5 AeSlie
= ladalse yialS @ e yol opl 9 (Verma et al., 2020)
Ulgy o Lacula gy JLasl o JMis) 00,5 o aly o0
039 Oromed Bl bl b cnl ) &l g BT > o e
sle i g ol by ud  0y9d 4y diwnly (gL Hlade 4y &l
ol g Ssdie &l (1B 0993 Jobo ()35 b cage (Jae
Giunta, Mefleh, Pruneddu, ) 15,5 o 4> (59 Lials 4 e
il s o wiily Lebl Laixe Ll (& Motzo, 2021

lgS 0LS duigd 33 Aild Blaai o o8y x il Jolone x (Suid (Wi Al aw LiiSed ;o A Jgua

Table 8- Triple interaction of drought stress x foliar spray x cultivar on quinoa Number seeds per spike

Swid 555 o3, Adgh 3> Aild dlaai Swid 555 o3, Adgn 3> aild dlasei
Irrigf’:\tion Fertilizer  Cultivar Number O.f seeds Irriggtion Fertilizer  Cultivar Number O.f seeds
regime per spike regime per spike
Tircace 3025™ Tircace 49777
Control Q29 3656™1 Control Q29 33659
Q26 36419 Q26 4426™
Tircace 2845 Tircace 4782%1
100 K Q29 3961" 100 K Q29 4319+
Q26 4849% Q26 3436""
FC 25 Tircace 2504" FCT5 Tircace 4883°%"
100 Zn Q29 4802% 100 Zn Q29 3894+
Q26 5718° Q26 3558°"
Tircace 3621° Tircace 5514
50 K+ Zn Q29 4340™™ 50 K+ Zn Q29 39804
Q26 4344 Q26 5024%9
Tircace 3380%° Tircace 3702™¢
Control Q29 3642™4 Control Q29 34277
Q26 3902+ Q26 5106°f
Tircace 4585 Tircace 5601
100 K Q29 5246::'e 100 K Q29 36732’3
Q26 4172%° Q26 5498™
FC 50 Tircace 4355 FC 100 Tircace 44569
100 Zn Q29 5045¢f 100 Zn Q29 4035P
Q26 344977 Q26 5230"¢
Tircace 3801™¢ Tircace 4236
50 K+ Zn Q29 4321 50 K+ Zn Q29 4013P
Q26 4393 Q26 6406°
(p<0.05) 5,15 (g5 sme glds duop> ety Jhoin] grdaws p3 Sytiie By gyl (sla 1 Sile
Means with similar letters are not significantly different at 5% of probability
il 5, Shes (g5 2 (P < 0.01) o8y x (LB Jolowe x (St i g ySlac

ped Jlo p ol flis calisee (gla Sl gols (Y Jado) g1 o size
A5 g5 gy 4l 3ySlas 803 W e 4 sl Jlo 4 s
Sleslarwl a5 pa e byl 3 ol Lis ol (F Jsis)
A 4l 0, Sles il el calise plB)) > (oS 5 b Jslre
A (o S il oo iz 5 0 G381 L g
0SSl duolie b awlS il 5 Sas (50 Jg db Lials
Voo ehyycudyls bylys o aib 5, Slas (i o olis claw

9 =obdgde ( (Suis (i ¢ Jlo Lol ol 3l il 5o

dp < 0.05) Sz (i x Jls 659> JiiSan y (piomed 5 o)
Jlw g (obgloe x Jlo oy X (5 Jglome o8y x ([Sis i
9 By X (b Jgdome x (SiS (i ailan [iiSeny g 68 X
X (Sudd G5 X Jlo ¢ bl Jalome x (St (15 X Sl (piren
x Jlw By piiSen s g o8y X (SbJgle x Jlo 519 05,
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Table 9- Triple interaction of drought stress x foliar spray x cultivar on quinoa weight of 1000 seeds

S 395 o3, alyyl52 59 S 595 o3, wldyl5 59
Irrigation - . Weight of 1000 Irrigation o . Weight of 1000
: Fertilizer  Cultivar - Fertilizer  Cultivar
regime seeds (g) regime seeds (g)
Tircace 1.89" Tircace 2.53™
Control Q29 2.53% Control Q29 2.01M
Q26 2.76% Q26 2.45™
Tircace 1.49" Tircace 2.57%"
100 K Q29 2.421 100K Q29 2.21™
Q26 2.93% Q26 1.76%
FC25 Tircace 1.49" FC7s Tircace 2.59%"
100 Zn Q29 2.42" 100 Zn Q29 2.17™
Q26 2.89"¢ Q26 1.96"
Tircace 2.02P Tircace 3.28%
50 K+Zn Q29 2.08% 50K+Zn Q29 2.09%
Q26 1.86" Q26 3.37°
Tircace 1.66" Tircace 1.90%
Control Q29 2.59%" Control Q29 2.01M
Q26 1.89_qr Q26 3.33%
Tircace 2.415 Tircace 2.63%"
100 K Q29 2.77%" 100 K Q29 2.06%
Q26 2.04 Q26 2.85"¢
FC 50 Tircace 2.43" FC 100 Tircace 2.66"
100 Zn Q29 2.79% 100 Zn Q29 2.02M
Q26 2.07% Q26 2.81°%¢
Tircace 2.31m Tircace 2.404
50 K+ Zn Q29 1.90% 50 K+ Zn Q29 2.03°
Q26 2.79% Q26 2.96°

(p<0.05) 5,15 (g Iy dme ola5 duoyd iy Jloin] pdans )3 S jidie gy sl)b sla 1 Sleo
Means with similar letters are not significantly different at 5% of probability

5 Sid  Jlw (Jool ol sl il g ed s

9 St i x Jlw asBgd JliSeny Griznen 5 (S ole
X Bl sl 08 x (Suid (5 p < 0.05) (o8 Jgloes x Lo
Bl Jglore X (Suid A5 alfaw JiiSenp g 08y x Jlu g o8,
o X Jlw (Bl Jgle x (St 5 x Jlo (yioned g o8 X
A lee GuiSeny 5 08) X (S slore x Jlo gl g o8y x (Suis
S5y = (P=0.01) 08, x (il Jolowe x (Sid (iis x Jlo
Jol Jlo 3 31> (L5 @lis (Y Jgaz) 392 sl ine Sijglgn 5, Shes
ceiby (et 1o 4 e 4o Gislejl ped Jlw 4 cows
M Gl los (1wl dwslio (¥ Jgin) 350 L 1y (gt
Coel @pReda jsbar (IS5 pas lulyd )3 (8L Jsloxe ) eslit
Caibp pasls w5 Oud Gl b b cuslhy jasld dep
byl o Ve e ) Al cnl Gl ot A8 ALlS
o=l ol oy S Sl cwda; Q26 9y 3100 Zn 4 <ly;
Q29 3, ;3355 o Sl 5 Jo > YO elyj cud )b o sl

s s Sl iy 8 ol 1Sl 3, Khe
ORSer 9 o8) 9 (b gbre ((Suid 15 ¢ Jlo (Lol Sl
O el Jgdme X (Sds T ((Sid A x Sl 4l
9 —Sbdgome x Jlw g o8y X (Sl gdone o 8) x (Sis
S % Jl )y B e x (S8 55 e iamy
RS g o5y X (bl Jgdoe X Jl g (oBb gl X (Suts
it (9 S 0.01) oy x 3 g x (St 25 o 5 e
P> Jlw ol oLt glis g ) ine Sjglgn 3 Shos (59,
Siglse 3yShos 2m0)> Y8 lin @0 Jol Jlo 0 Cand ole]]
S Gl o o o 5 (F Jyia) o5 a5 i
31 3 Jooen Sl Jg 1 46l Sl 3,Slas 52 5
Voo olass ) padld cpl Gliee ot Wdl GRS (A ke
e o2 yieS g el Cavday Tircace o8, 9 50 K+ Zn 4 so)d
155 % 395 (ygier ald 5 20> YO (oly; cud )b 3 (adls
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Sl Sis (15 e cadly (asll dblee ulol (S oyl
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ol g sy (aslis 1wl 0y jiaS aus jobay ails 5 Slos
J(Farokhian et al., 2021) ¢l oaly lis (g xeS jials byl
0593 s oligS oS i 5l s il 5,Shes Lials LYs
0diiS yiwgd o (ialS el cwlaS y m @yl 5 M)
d3s Ll )3 ol o8 a8 Lalad 5 (35mgs S hsonnl M5
o2l Sials o ol Cllaie g olail 5 Slos ialS & Wlgs o
(Fahad et al., 2017) il y33e cudld

SoS pgd Jlo )3 355 9y phalS g b (SWb oljee
s > 5 40l 5 Siilom 35Slos oliee GBI Slosil
29 u_:l Ahe o il sla yimg} sl ‘;u.ﬁb).g o>l
GAlS 3, Slos (slial 5 3, Shos oyl 1 sla s 3 8
Waraich, Ahmad, Ashraf, Saifullah, & ) cowl a8l i3l
2 &iyliS  ills oy Sere 3)Skes ials” (Ahmad, 2011
oials el Wiy o (Sis (LS ol (S1)b dgeS byl )i
5 35 Olje sy calia (dido IS (slgioes «(gjiimgid Cos puo
295 (Sa5geied ol (B a5 9 Sy ol o lgime
Waraich et ) 355 0 oLS 503 9 by LialS cel colys jo a5
[(al., 2011
(5 558 (5o a3

o ol @ll ol gl uibyly 455 gols 1a Judg IS
iS5 (P < 0.05) o8y fp < 0.01) (b Jg-lro (St
oy X (S G Bl Sy e X (St G5 g
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Table 10- Triple interaction of drought stress x foliar spray x cultivar on quinoa Seed yield

S Y o35 @l 3,Slas S 555 &, WSl

Irrigation regime  Fertilizer  Cultivar Seed yield (kg.ha™) Irrrég?r'ggn Fertilizer ~ Cultivar nggg;il)d
Tircace 660° Tircace 1224%"
Control Q29 700¢ Control Q29 997
Q26 1075™ Q26 1393«
Tircace 1256 Tircace 1815™¢
100 K Q29 1083™° 100 K Q29 1878
Q26 1529 Q26 1489
FC25 Tircace 871° FC75 Tircace 1660%f
100 Zn Q29 1143 100 Zn Q29 16249
Q26 1232%" Q26 1309"
Tircace 1050° Tircace 1743%¢
50 K+ Zn Q29 1103™° 50 K+ Zn Q29 1736%¢
Q26 1547 Q26 1870™
Tircace 1126™° Tircace 1250
Control Q29 1007% Control Q29 1297+
Q26 1084™° Q26 14839
Tircace 1627%9 Tircace 1868™
100 K Q29 1626°9 100 K Q29 1802°¢
Q26 1389"« Q26 2233°
FC 30 Tircace 1470%" FC 100 Tircace 1532
100 Zn Q29 1411M 100 Zn Q29 1858
Q26 1110™° Q26 2176°
Tircace 1540 Tircace 1836™
50 K+ Zn Q29 1298 50 K+ Zn Q29 1950°
Q26 1373 Q26 2268°
(p=0.05) 35,155 (5l ime olds oy gty Jloin ! s )3 S jiio g > (4l (slo . Slo
Means with similar letters are not significantly different at 5% of probability
IS oS Sajlgm 3yKhos 1 o8 X (bl Jglone x (St T Wl SR -1 Joan
Table 11- Triple interaction of drought stress x foliar spray x cultivar on quinoa Biological yield
Sis 395 55 Seigden 3,5es Sis 95 o35 Siggn 3 ,Nes
Irrigation regime  Fertilizer  Cultivar _ Biological yield (kg.ha®)  Irrigation regime  Fertilizer  Cultivar _ Biological yield (kg.ha™)
Tircace 2200" Tircace 2496
Control Q29 1918" Control Q29 2635
Q26 1972" Q26 2989™"
Tircace 2982™" Tircace 3273
100 K Q29 2903™* 100 K Q29 5752°
Q26 2700 Q26 3872%9
FC25 Tircace 2560 FC75 Tircace 2823%°
100 Zn Q29 1949" 100 Zn Q29 4690°
Q26 3009™" Q26 2582
Tircace 3559 Tircace 3449
50 K+ Zn Q29 2883°¢ 50 K+ Zn Q29 3095
Q26 37494 Q26 4125%
Tircace 2776°° Tircace 2786"*
Control Q29 2729% Control Q29 2940™*
Q26 2300" Q26 4798°
Tircace 3415™™ Tircace 3668
100 K Q29 4071%° 100 K Q29 3938
Q26 3635°* Q26 4456™
FC50 Tircace 3347 FC 100 Tircace 4124
100 Zn Q29 2970™" 100 Zn Q29 3590
Q26 3207%P Q26 34799
Tircace 4004% Tircace 53917
50 K+ Zn Q29 3847%" 50 K+ Zn Q29 4012%
Q26 3780% Q26 4625°

(p<0.05) %5, (gl gze glis o yd gy Jloiin] g )d S o Bg > (4l)b slo:Silee
Means with similar letters are not significantly different at 5% of probability
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Table 12-Triple interaction of drought stress x foliar spray x cultivar on quinoa harvest index

M"’ A 395 wé.) Mbrg un:.l.w M A 395 fbé) ‘;..Js!a,.; uaab.u
Irrigation - . Harvest index Irrigation - . Harvest index
. Fertilizer Cultivar . Fertilizer Cultivar

regime (%) regime (%)

Tircace 30.2% Tircace 49.6°%

Control Q29 26.4" Control Q29 38.4™*

Q26 47.65" Q26 46.8™"

Tircace 421" Tircace 56.7%¢

100 K Q29 38.5™° 100 K Q29 402"

Q26 58.5%¢ Q26 415"

FC 25 Tircace 35.5°° FC75 Tircace 59.9%

100 Zn Q29 59.9% 100 Zn Q29 38.6”‘"_S

Q26 43.2™° Q26 51.3"

Tircace 30.4™ Tircace 52.0"

50 K+ Zn Q29 39.5™ 50 K+ Zn Q29 59.3%®

Q26 39.6™¢ Q26 46.0™

Tircace 40.9%P Tircace 457"

Control Q29 52.0°" Control Q29 44.1%°

Q26 56.2% Q26 31.2%

Tircace 50.3 Tircace 52.7%9

100 K Q29 42.2'P 100 K Q29 46.0%"

Q26 38.6™° Q26 53.3>"

FC 50 Tircace 449" FC 100 Tircace 38.0""

100 Zn Q29 51.8°" 100 Zn Q29 51.9%"

Q26 35.0%° Q26 63.3

Tircace 39.4™ Tircace 43.9%°

50 K+ Zn Q29 33.7"t 50 K+ Zn Q29 49,0

Q26 35.7°° Q26 49.1%

(p<0.05) 5,15 (g5 smo glds duo > ety Jhoin] grdaws p3 Sytiie gy ()l (slo 1 Silo
Means with similar letters are not significantly different at 5% of probability
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Table 13-Variance analysis of quinoa photosynthetic pigments under the influence of different treatments

Ol o il
i o @l - e i o . .
Source of sl Ch%e,,l;a Il Ch‘#shjsh Il 55,5 a}b J,;,,Tls tl '
Variation orophy orophy : otal
df a b Carotenoids a/b ratio chlorophyll
(Y) (Year) Ju 1 0.169"™ 0.089™ 0.304™ 2357 0.189"™
(Rep year) Jlo slas 4 1.458 0.009 0.112 19.7 2.09
(S) (Irrigation regime) s s 3 2.282" 0.012" 0.035™ 354" 3.23"
Y *S 3 0.034" 0.000001" 0.0001™ 3.84™ 0.034"™
(Y)SRep s 12 0.003 0.0001 0.0002 0.528 0.003
(F) (Foliar spray) b sk 3 11277 0.013™ 0.092" 21" 2.18™
(C) (Cultivar) 43, 2 0.198" 0.006™ 0.254" 1.1™ 0.592"
S*F 9 0.761™ 0.025™ 0.055™ 50.6™ 0.939™
S*C 6 0.573™ 0.040™ 0.017™ 44™ 0.672™
F*C 6 0.334™ 0.023™ 0.118™ 19.37 0.113"™
S*F*C 18 0.474 0.028 0.044 28.4 0.535
Y *F 3 0.052" 0.002" 0.006" 9.75 0.099"
Y*C 2 0.0002"™ 0.000001" 0.0000004™  0.055™ 0.0003™
Y *S*F 9 0.903™ 0.000001™ 0.031™ 405" 0.882"™
Y *S*C 6 0.184™ 0.000001™ 0.001™ 441" 0.184™
Y *E*C 6 0.159™ 0.000001™ 0.038™ 7.80™ 0.351™
Y*S*F*C 18 0.364™ 0.000001™ 0.030™ 8.58™ 0.397™
(Total error) Js s 176 0.048 0.001 0.002 0.851 0.063
Coefficient of ) ¢l s co
) Sl ot 14.6 13.4 9.0 11.7 11.1

(variation

(p<0.05) 65,15 (g5 dze glds duo o iy Jloin] grlaw )3 Syiidio gy (glys (sla 1 Silo
Means with similar letters are not significantly different at 5% of probability
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Table 14- Triple interaction of drought stress x foliar spray x cultivar on quinoa Chlorophyll a

i B 2 a5 i e S50
Irrigation - . Chlorophyll a Irrigation - . Chlorophyll a

. Fertilizer Cultivar 1 . Fertilizer Cultivar 1
regime (mg.gfw™) regime (mg.gfw™)

Tircace 1.54%7 Tircace 1.38%"

Control Q29 1.61°° Control Q29 1.37%

Q26 1.15M Q26 1.38%"

Tircace 0.676 Tircace 15179

100 K Q29 0.877k 100 K Q29 2.03%

Q26 2.09° Q26 1.72¢

FC25 Tircace 1.15" FCT75 Tircace 1.67°¢

100 Zn Q29 1.11M 100 Zn Q29 1.74>¢

Q26 1.49%9 Q26 1.24"

Tircace 1.15M Tircace 1.78¢

50 K+ Zn Q29 1.11M 50 K+ Zn Q29 1.88%°¢

Q26 1.49%9 Q26 2.16°

Tircace 1.23%" Tircace 1.38%"

Control Q29 1.07M Control Q29 1.37%1

Q26 1.15M Q26 1.38%"

Tircace 1.37% Tircace 1.51%¢

100 K Q29 1.58C"_e 100 K Q29 2.03%

Q26 1.071 Q26 1.72¢

FC 50 Tircace 1.77°¢ FC 100 Tircace 1.78¢

100 Zn Q29 1.59%¢ 100 Zn Q29 1.88%°¢

Q26 1.58°%¢ Q26 2.16%

Tircace 1.77>¢ Tircace 1.67°¢

50 K+ Zn Q29 1.59%¢ 50 K+ Zn Q29 1.74>¢

Q26 1.58°¢ Q26 1.24™

(p<0.05) 5,15 (g5 simo glds duo > ety Jhoin] grhaws p3 Sytiie gy ()l (sla 1 Silo
Means with similar letters are not significantly different at 5% of probability

Glises Ole p Jho ol 51 (wbo dwslio —10 Joua
Table 15- Comparison of the average main effect of the year on different

Juo P Jeds, 5 w98 D by S G
Year Chloroph)_/lll b Caroteno_llds Chlorophyll a/b ratio
(mg.gfw™) (mg.gfw™)
2018-19 0.189° 0.515° 8.79°%
2019-20 0.224° 0.580° 6.98°

(p<0.05) 5,15 (g5 ixe gla5 Mo p> iy Jloiin! prdans )3 S e Bgy> gyl slo 1 Silo
Means with similar letters are not significantly different at 5% of probability
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Table 16- Triple interaction of drought stress x foliar spray x cultivar on quinoa Chlorophyll b

S 545 o3, b Jadg 5 Seis 3¢5 o3, b Jadg 5
Irriggtion Fertilizer  Cultivar Chlorophyll b Irriggtion Fertilizer  Cultivar Chlorophyll'b
regime (mg.gfw™) regime (mg.gfw™)

Tircace 0.201" Tircace 0.191%7

Control Q29 0.148%" Control Q29 0.222%
Q26 0.213"" Q26 0.159"™

Tircace 0.118" Tircace 0.184™

100 K Q29 0.1982‘ 100 K Q29 0.309:“k
Q26 0.230 Q26 0.179™

FC 25 Tircace 0.179M* FCT5 Tircace 0.320°
100 Zn Q29 0.179"* 100 Zn Q29 0.211™"
Q26 0.220 Q26 0.131™

Tircace 0.213" Tircace 0.175™

50 K+ Zn Q29 0.211%" 50 K+ Zn Q29 0.368°
Q26 0.19097 Q26 0.179"

Tircace 0.276% Tircace 0.170"

Control Q29 0.200™ Control Q29 0.130™
Q26 0.209™" Q26 0.140™"

Tircace 0.18791 Tircace 0.228f

100 K Q29 0.182"« 100 K Q29 0.271°
Q26 0.151%" Q26 0.209™"

FC 50 Tircace 0.168" FC 100 Tircace 0.235f
100 Zn Q29 0.171" 100 Zn Q29 0.209™"
Q26 0.391° Q26 0.218

Tircace 0.145"" Tircace 0.173"

50 K+ Zn Q29 0.148%" 50 K+ Zn Q29 0.170"
Q26 0.163"™ Q26 0.431°

(p<0.05) 5,15 (gl sme glds duo > ety Jhoin] grdaws p3 S ytiie By ()l (sla 1 Sile
Means with similar letters are not significantly different at 5% of probability
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Table 17- Triple interaction of drought stress x foliar spray x cultivar on quinoa Carotenoids

S 5 L)) g, S 55 ) Sy, 8
Irrigation regime  Fertilizer  Cultivar  Carotenoids (mg.gfw®) Irrigation regime  Fertilizer  Cultivar  Carotenoids (mg.gfw™)
Tircace 0.228° Tircace 0.454M
Control Q29 0.525™« Control Q29 0.666%°
Q26 0.430™ Q26 0.632*
Tircace 0.596%9 Tircace 0.657%¢
100 K Q29 0.490%™ 100 K Q29 0.603:3
Q26 0.312° Q26 0.528™
FC25 Tircace 0.486%™ FC75 Tircace 0.584°"
100 Zn Q29 0.648*¢ 100 Zn Q29 0.653%¢
Q26 0.588"" Q26 0.502"
Tircace 0.572" Tircace 0.585°"
50 K+ Zn Q29 0.681% 50 K+ Zn Q29 0.654*¢
Q26 0.559%1 Q26 0.502"
Tircace 0.455"" Tircace 0.494m
Control Q29 0.526™« Control Q29 0.516"
Q26 0.428™ Q26 0.635%"
Tircace 0.592%9 Tircace 0.683°
100 K Q29 0.489%™ 100 K Q29 0.617*"2
Q26 0.312° Q26 0.638
FC 50 Tircace 0.572" FC 100 Tircace 0.567%"
100 Zn Q29 0.681% 100 Zn Q29 0.634%"
Q26 0.56191 Q26 0.416"
Tircace 0.485%™ Tircace 0.567%
50 K+ Zn Q29 0.648%° 50 K+ Zn Q29 0.636*"
Q26 0.589*" Q26 0.416"
(p<0.05) 35,15 (5 3 sine olis daoyd gty Jloin] dans 53 S yido gy (gl (sl il
Means with similar letters are not significantly different at 5% of probability
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Table 18- Triple interaction of drought stress x foliar spray x cultivar on quinoa Chlorophyll a/b ratio
Swis 395 ) alb Jidg S S Swis 95 w5 alb Judg IS S
Irrigation regime  Fertilizer  Cultivar  Chlorophyll a/b ratio  Irrigation regime  Fertilizer  Cultivar  Chlorophyll a/b ratio
Tircace 7.647 Tircace 7.23™
Control Q29 11.1% Control Q29 6.23%
Q26 5.32%¢ Q26 8.69™
Tircace 6.03"™ Tircace 8.11%°
100 K Q29 4.56:1 100 K Q29 6.71°7"
Q26 9.15" Q26 9.70%
FC25 Tircace 6.51"° FC75 Tircace 5.23"
100 Zn Q29 6.62°" 100 Zn Q29 8.52"™
Q26 7.06°" Q26 9.36"
Tircace 5.42%4 Tircace 10.2%
50 K+ Zn Q29 5.35% 50 K+ Zn Q29 5.12%
Q26 759" Q26 12.4*
Tircace 443" Tircace 8.14%°
Control Q29 5.40%" Control Q29 10.82°¢
Q26 5.43% Q26 9.98%¢
Tircace 7.42™4 Tircace 6.83""
100 K Q29 8.93% 100 K Q29 753"
Q26 7.06%" Q26 8.321"
FC50 Tircace 10.3°" FC 100 Tircace 7.70'°
100 Zn Q29 9.38" 100 Zn Q29 9.20"
Q26 3.98" Q26 9.88%"
Tircace 13.2° Tircace 9.84%"
50 K+ Zn Q29 11.4> 50 K+ Zn Q29 10.32¢f
Q26 10.3° Q26 2.87"

(p<0.05) 35,l55 (g5 size glds duoyd griy Jlosin] grbaws )5 S o By > (6l)s slo ko
Means with similar letters are not significantly different at 5% of probability
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Table 19- Triple interaction of drought stress x foliar spray x cultivar on quinoa Total chlorophyll

. 365 o3, by IS ggooo b >sS 3, Judy IS g0
Irrigation ili Cultivar Total chlorophyll Irrigation Fertilizer Cultivar Total chlorophyll
regime Fertilizer — Cu (mg.gfw™) regime (mg.gfw™)
Tircace 2.19™ Tircace 1.809°
Control Q29 2.28%" Control Q29 2.25%°
Q26 1.79%° Q26 217
Tircace 1.39" Tircace 2.35M
100 K Q29 1.57"; 100 K Q29 2.945‘k
Q26 2.64% Q26 2.42%
FC25 Tircace 1.81%% FC75 Tircace 2.58%9
100 Zn Q29 1.94™4 100 Zn Q29 2.60"9
Q26 2.30FM Q26 1.87°7
Tircace 1.93°¢ Tircace 2.55%9
50 K+ Zn Q29 2.01" 50 K+ Zn Q29 2.90*°
Q26 2.25%° Q26 2.85%¢
Tircace 1.96™9 Tircace 2.04"
Control Q29 1.80%* Control Q29 2.01"
Q26 1.78%° Q26 2.16™
Tircace 2.15"° Tircace 2.42%%
100 K Q29 2.269° 100 K Q29 2.92dab
Q26 1.54% Q26 2.56%9
FC S0 Tircace 2.51% FC 100 Tircace 2.59°°9
100 Zn Q29 2.45%1 100 Zn Q29 2.72%¢
Q26 2.53%" Q26 2.80%¢
Tircace 2.40%* Tircace 2.42%%
50 K+ Zn Q29 2.39%k 50 K+ Zn Q29 2.54%"
Q26 2.33" Q26 2.084
(p<0.05) 5,155 (g Iy sime ola5 duoyd iy Jloin] prlaws )3 S jidie gy sl)b sla 1 Sleo
Means with similar letters are not significantly different at 5% of probability
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