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ABSTRACT

Introduction: Climate change and its impact on crop productivity have become one of the most significant environmental challenges.
Drought, as an abiotic stress factor, can substantially disrupt plant molecular, biochemical, and physiological processes, affecting growth
and yield. In today’s world, the use of antitranspirant substances to reduce the negative effects of various environmental stresses has been
proposed. This experiment was designed with the aim of investigating the effects of drought stress on quinoa growth and yield, as well as
the impact of antitranspirant foliar application during the growth and development period. These methods were employed to reduce the
effects of drought stress.

Materials and methods: This study was conducted in two separate field and pot experiments at the research farm of Kurdistan University
over two years (2021 and 2022) with spring planting (in June). The experiment was designed as a split-plot based on a randomized complete
block design with three replications. The investigated factors included four levels of drought stress: 1) full irrigation throughout the growth
period, 2) 50% water deficit during the vegetative stage (vegetative stress), 3) 50% water deficit during the reproductive stage (reproductive
stress), and 4) 50% water deficit throughout the entire growth period (full stress) as the main factor. The foliar application treatments
included: 1) control (water spray), 2) 5% kaolin, 3) 2.5% kaolin, and 4) 5 g/L fulvic acid as the sub-factor. The traits of plant height,
biological yield, thousand-grain weight, grain yield, harvest index, water use efficiency, root length, and root dry weight were measured.
Results: Drought stress resulted in a reduction in all growth and performance traits, indicating limitations in physiological capacity and
disruption of the source-sink balance. Under stress conditions, both fulvic acid and kaolin modulated responses, but they acted through
different pathways; fulvic acid improved water use efficiency by stimulating growth and maintaining tissue hydration, while kaolin provided
the highest root dry weight (2.28 grams) and biological yield by reducing surface evaporation and preserving structural stability. The
relationship between root dry weight and grain yield showed that maintaining root structure plays a crucial role in sustaining production
under drought conditions. Ultimately, the results suggest that quinoa’s response to stress is depended on the regulatory mechanisms of the
treatments, with fulvic acid enhancing physiological adaptability and kaolin strengthening structural stability, both contributing to improved
productivity and drought tolerance.

Conclusion: The combined findings indicate that the targeted use of these two antitranspirant compounds can harmonize the plant’s
physiological and structural mechanisms against drought stress, leading to yield stability under water-deficit conditions.
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Figure 1. Interaction effects: comparison of the mean plant height of quinoa at different stages of
drought stress under foliar application of anti-transpirant treatments. Columns sharing the same letters
are not significantly different according to Duncan’s multiple range test at the 1% probability level.
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Figure 2. Interaction effects: comparison of the mean biological yield of quinoa at different stages of
drought stress under foliar application of anti-transpirant treatments. Columns sharing the same letters
are not significantly different according to Duncan’s multiple range test at the 1% probability level.



oY FVV-FEE (F N FF e cordism 5 655055 10, ot 5 (5,5 laa

Sle JooS5 1) 093 (S a2r b wS sl
@ e b JUsh ol (s 3 8 sl
OUFNAD S Seboe SuBloy el gove Sl
il el ke o 5V (ol ) i el
s (sl (6 oS sacuglyl p aST o5 ws canlis
ooladl claalail 4y oadazsls (¢ yiimgid slge Uil o
.(Whnuk et al., 2013)c!

gy a3l oAVl (ol 5 et o5 lalS
aS aes o plas adl pl (asye FPIF) 0,8 ol |,
5 00,5 1) ol Cusgame (pinad o5 Glals
el )8 el Al was (zals lagl iag, o,
o lazals ails 4y 1) owile Bl abie San arass
sl laloss waals b 5,5 (slajlens asli
FEA sgom b YD usilS 5 oo FOMD apul Sislsd
SYL oS ciby atls ol selds 4 Cans aspe
a5 jebolen (¥ JS3) 05 o pxe a5 wis,S oS
5 5 o Shes sliml I3 59 aral ol 5 (lslS
s Sbloy patls wisy She (Sis G gshae
Blas sin 2h 3 bl ol Sl cos
3 e OB doy B gl o by el
bogio b Jmdle A5 ok )0 parads (pl Jhows
39 Slge cnl bly oaasylas bgd yel ol is,S Lyl
als ol 5 Sz 5B e ails 4 basd Jla! 1 coles
Ll (28 Coxdg Sgutn Gk 3D

L (Seilem Sk Jods @ IS cotlspy Lo

Wb oo iali8l s Cou il 4 eacuglgl b7 s

C«.&l.b).g UQ’L“’

gobw a5 ol plas (V Jgoz) eosls (uilyly a5
2 Jie 5k 4 5l slge 5 (St s i
Jo ol boasals gl me il csle,y asls
W lodae Cho opl 59) Jule g0 ol pSee
s oI9S sl Lasli Jlade cp WL (Y Jgaz)
Slis sylal a5l Sl ol o ovalive JolS s

Ll el oaly 5 (ofas, o5 Glojles b s)losne
=l (P JS) clls o pme ST walls L L
Sl Soglgd g LS (Bl glme Sl Sl ol
oale Jlaae o S s aS ol las el als
O clale b ooss o ,ms bl slo,les a4 by o coiilo s
V USS) 0g asy FPA Jlade 4 dglS asy
5w ale Sz oole Cand flgreay ciloy i
sl arass )5 51 Sl )l olS Sz ool
Siglgm 0 See NS 5ol (Sis A5 4 gl o
Gy, culay (asls (il pals i Gl L o
ssbas ols plas 1y bl le «So5ele 8 Shai 5l g slae
Mesime Gl 4 e (Sis A8 glales (S
S5 ool vels buls 4 cans by asls
shle & 1S wile SblS jo ooy (pl 2l
gdige odnlde wilus A5 Joot (oo slap il
S gy sleplil 0l )0 S g s Ghals
(als iz ool adgy) ails o,8lae & Cannd (W8lws 4

CA.C)....J l) oL:f as oﬁ.....au;a [ETew) ‘u;t] WQB\.\JLA Cod

il slaplasl 4y 1) onlio 3d )5 mle (65 o



oy wlgS Slae Sy g sl Sigled g (gl 5 ,m5 w SLS 5 ]

IRCECN Y PR IRV T S [P VRGN B JA KW

ab ab

(J..«:)..‘) n;'-._';'al.‘.)al U.;AJL.;
&

T
. i S a s "z
sl ey e daly ged ST s

O sl

Jol s o clloy asls YL a5 g6k 4

5 del Sogdgd) 358l slojles b canlis

3o axdly JS Sobglem o,See Laa> L (Q_.,Js.‘»lf

R
(=]
]

=
A
L

E=y
(=)}
1

ab
ab

E=N
wn
1

e
=
L
(=3

(J..«:)J) n;'-._';'al.‘.)al U.;AJL.;

E=N
L¥5]
1

F=N
(]

Al Suslgt YOS 0l el

Lo 3 5551

il a3 52 1 5 5T B Jalne 5 Kb 5 Jlos! ilihe oy 53T (eSilie dugllia -1 JSi

o b aoy O Jlo! mhw 5o 5yl smo glds (SGld laswls vz yg0)] wlw! p O o gy lgiuS

RCRIRY

Figure 3. Comparison of the mean effects of different stages of drought stress application and
anti-transpirant foliar treatments on the harvest index of quinoa. Means sharing the same
letters are not significantly different according to Duncan’s multiple range test at the 5%

probability level.
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Figure 4. Comparison of the mean effects of different stages of drought stress application and
anti-transpirant foliar treatments on the thousand-grain weight of quinoa. Means sharing the

same letters are not significantly different according to Duncan’s multiple range test at the 5%
probability level.
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Figure 5. Interaction effects analysis: Comparison of the mean of quinoa grain yield trait under
different stages of drought stress application when subjected to anti-transpirant foliar treatments.
Columns sharing the same letters are not significantly different according to Duncan’s multiple range

test at the 1% probability level.
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Figure 6. Comparison of the mean effects of different stages of drought stress application and anti-

transpirant foliar treatments on the water use efficiency of quinoa. Means sharing the same letters are
not significantly different according to Duncan’s multiple range test at the 1% probability level.



ova wlgS Slae Sy g sl Sigled g (gl 5 ,m5 w SLS 5 ]

ol Jalxo 5 (S i by i IgiuS 5 S (5321 g 0 yKhas (59198 y90 liuo uils sl 435 - ¥ Jgur
(la o (SSlo ) Lo a5 (5T

Table 2. Analysis of Variance for morphological traits, yield, and yield components of quinoa under
drought stress and foliar application of antitranspirants( Mean Square)
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Figure 7. Interaction effects analysis: Comparison of the mean of quinoa root length trait under
different stages of drought stress application when subjected to anti-transpirant foliar
treatments. Columns sharing the same letters are not significantly different according to
Duncan’s multiple range test at the 1% probability level.
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Figure 9. Interaction effects analysis: Comparison of the mean of quinoa dry weight of root trait
under different stages of drought stress application when subjected to anti-transpirant foliar
treatments. Columns sharing the same letters are not significantly different according to Duncan’s

multiple range test at the 5% probability level.
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Table 3. Analysis of Variance (ANOVA) of some morphological root
traits of quinoa under drought stress and foliar application of
antitranspirants(Mean Square)
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