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Introduction

This research investigates the effects of brassinosteroid and melatonin foliar applications on quinoa
(Chenopodium quinoa Willd.) subjected to drought stress. As a highly nutritious new plant, quinoa is
increasingly valued for its tolerance in arid conditions like our country. However, drought stress or irrigation
deficit significantly impairs its growth and biochemical composition. Brassinosteroids and melatonin as plant
growth regulators are known to enhance plant tolerance to various abiotic stresses, including drought, by
modulating physiological and biochemical pathways. This research aims to elucidate how these compounds
influence key growth indices, such as plant height, leaf area, biomass, harvest index and as well as biochemical
characteristics like soluble carbohydrate, and proline accumulation in quinoa growing under drought stress. By
understanding these effects, the study seeks to provide insights into potential agronomic practices to improve
quinoa productivity and stress resilience under water-limited conditions.

Materials and Methods

The experiment, conducted at Shahid Bahonar university of Kerman during 2020 and 2021 cropping seasons,
used a split-plot layout based on a randomized complete block design with three replications. Main plots
consisted of three irrigation levels (100%, 75%, and 50% of field capacity), and sub-plots included five foliar
application treatments (control, 0.25 and 0.5 micromolar brassinosteroid, and 0.5 and 1 micromolar melatonin).
Soil sampling and nutrient adjustments were made before planting. Trifluralin herbicide was used for weed
control, and planting occurred on August 1st with 40 cm row spacing and 3-meter row lengths, followed by
immediate irrigation. Foliar applications were conducted at the start of flowering and a week later, early in the
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morning before sunrise. Water stress treatments began after the first foliar application. Leaf area index (LAI) and
Crop Growth Rate (CGR) were measured at the beginning of flowering and one week later, using Gardner's
equations. Chlorophyll fluorescence was assessed via the saturation pulse method to determine the maximum
guantum vield of photosystem Il. Proline and soluble sugars measurements were taken from young leaves post-
stress treatment. For morphological trait assessment, including plant height, leaf area, dry weight of aerial parts,
and yield components, five plants were randomly sampled from each plot. Biological yield, harvest index, and
grain yield were calculated by harvesting plants from the middle four rows, each 2 meters long. Data analysis
was performed using SAS v. 9.1, with mean comparisons conducted using Duncan's multiple range test at the
5% probability level.

Results and Discussion

The results showed that foliar application of plant growth regulators (PGR) increased plant height across all
irrigation levels. The greatest height, 150.5 cm, was observed with 0.5 micromolar melatonin and 100% field
capacity irrigation. Additionally, 0.5 micromolar brassinosteroid with irrigation with 75% of field capacity
increased plant height by 11.1% compared to the control at the same irrigation level, with a similar trend under
severe drought stress. Increased drought stress reduced the leaf area index (LAI) by 8.37% and 31.6% compared
to normal irrigation. The highest concentration of brassinosteroids increased the crop growth rate (CGR) at all
irrigation levels (4.8, 4.4 and %16.8 in normal, mild and severe drought stress conditions respectively, but
thousand grain weight decreased to %93.3 and %62 of control with rising drought stress. Brassinosteroids were
more effective than melatonin in enhancing thousand grain weight. Both brassinosteroid and melatonin
applications reduced chlorophyll fluorescence under mild and severe drought stress compared to controls.
Soluble carbohydrates content increased by 50.4% at 50% field capacity irrigation compared to normal
irrigation. Under mild stress, only brassinosteroid significantly increased proline content, with the highest level
(3.19 umol g1) at the highest concentration. The highest dry weight, harvest index, and grain yield were achieved
with 0.5 micromolar brassinosteroid under mild and severe stress. Brassinosteroids, as new phytohormones, are
promising for enhancing crop productivity under stress and non-stress conditions.

Conclusion

Reduction in irrigation from 100% field capacity or increased drought stress led to decreased plant height,
growth rate, leaf area index, thousand grain weight, and harvest index, while chlorophyll fluorescence, proline
content, and soluble carbohydrates increased. Despite the increases in these two latter mentioned traits, plant dry
weight and grain yield decreased under drought stress. The application of brassinosteroids and melatonin
improved plant traits, with 0.5 micromolar brassinosteroid being particularly more effective, especially under
mild and severe stress. This treatment mitigated drought's negative effects, suggesting its potential to enhance
agricultural productivity in arid and semi-arid regions.
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Table 1- Soil physicochemical properties at the experimental location

S ses
SB Olaswin Soil depth
Soil properties Jlw 1399/2020 Jlw 1400/2021
0-30cm  30-60cm 0-30cm  30-60 cm
“.% sl Loam Loam Loam loam
Soil texture
e 0.05 0.055 0.06 0.07
Nitrogen (ppm)
S 7.05 8.00 7.44 8.30
Phosphorus (ppm)
el 290 295 310 320
Potassium (ppm)
Sorsl colia 2.3 2.1 25 2.2
EC (dS mY)
el 7.4 75 75 7.65
pH
o oile 0.42 0.4 0.46 0.44

Organic matter (%)
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Table 2- Variance analysis of morphological traits of quinoa affected by drought and foliar application of PGR in 2018 and
2019 crop years
JUvES I I &3l as y olS glisl 5 Shos Caild g et LS S 439 415,15 559
S.0vV df Plant height Yield Harvest index Dry weight 1000-grain weight
Year (a) N N . . N
@ 1 1220.1 3394.00 0.890 51124 0.1115
Errora
a s 2 87.1 362.74 0.070 5503.5 0.008
Drought (b) o 81342.19" . ™ o
(b) i s 2 24791 * 85.0 712241.59 2.79
axXb 2 19.90™ 1074.62" 4,503 9623.9 ™ 0.003m
Error b
beclas 8 119.64 176.94 0.015 2868.2 0.011
Foliar application (c) 4 979.00%  3334.69" 2.214” 45473 0.098"
(©) ik ' ' ' '
axc 4 16.14™ 39.48m™ 0.091m 722.22" 0.0006 ™
bXxXc 8 135.79™ 1754.16™ 2.34™ 20399.2™ 0.0049 ™
axXbXxXc 8 55m 30.38™ 0.083m 706.3"™ 0.0025M
Error
s 48 24.3 49.58 0.041 863.9 0.003
C.V. (%)
s . - 4.0 2.7 0.9 2.6 45
P
55 SBILw y3 ady (osiiS wlalS b (ol glone 5 (SWs 51 e 198 (505992 54398 90 SS9 (il ,lg 4120 - Jgaa sl
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Continued Table 2- Variance analysis of morphophysiological traits of quinoa affected by drought and foliar application of

PGR in 2018 and 2019 crop years

Ol 2o @33l 4y "’“é:;”u fffs oo &;’ﬁf’s S g g3 LS bg s “t’:
orophy - oluble - rop grow
SOV df florescence Proline carbohydrates Leaf area index rate
Year (a) . . . N N
@ Ju 1 0.0386 "™ 0.414"s 2.719" 0.259 " 0.28M
Errora
als 2 0.0557 0.185 118.51 0.194 3.479
Drought (b) . " " " -
(b) St i 2 0.0287 21.74 13745.89 14.92 165.65
axb 0.0029 s 0.051" 14.87m 0.158 " 1.32m
Error b
bclas 8 0.0020 0.341 33.29 0.050 117
Foliar application (c) 4 0.0127™ 0.320™ 131.6™ 0.273" 2.07
(©) 2k Jsbne : : : : :
axc 4 0.0004 s 0.0054 s 2.88"M 0.169"s 0.21ms
Interactionb X ¢ 8 0.00098 ™ 0.081™ 24.0M 0.135M 0.34"
axXbXxc 8 0.0001 " 0.0050 " 4.30M 0.028"s 0.17ms
Error
s 48 0.0003 0.019 32.74 0.087 0.16
C.V. (%)
ol e . - 2.3 35 5.7 7.9 3.1

ns, ** and *: Non . significant and significant at the 1% and 5% probability levels, respectively
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Table 3- Means comparison of measured traits affected by cropping year

Jlw guw,l
Height

Year (cm)
1 126.2%"
2 118.8°

SWE (439 &5 158 oy 59

Dry weight 1000-grain
(gm?) weight (g)
11482 1.312
1100 ° 1.24"

B85 ()b e Cglis o ys iy Jlein] o p3 (Sl yg0j] olusl p s S yiie Gy > sy 45 oo pSbe gte pm
* Means in each column followed by similar letter(s) are not significantly different at %5 probability level, using Duncan multiple
range test
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G b s JialS o) AYY o YV/EY Cui s (—=l);
el 3978 Sy s Jolits Anogp oSS oslo i g Fiwsid
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Yari, ) ol,Len 5 )b -(Jaleel et al., 2009) s o yialS 1,
So)8 1 (Sis i Jleel L (Keshtkar, & Sepehri, 2014
e i 45 03,8 3155 o)l (Charthamus tinctorius)
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Table 4- Mean comparisons of interaction of plant growth regulators and drought stress on measured traits in Quinoa
.»f}) S

Ay DS i Wyl 5 Shos U» S 03 Jypaze J.:A”JS . oPon
Droqght Plant growth Height Yield Sl Dry Crop ol ygls Proline
%field 2 Harvest weight Chlorophyll. -1
( - regulator (um) (cm) (g m?) . 2 growth rate phy! (umol g%)
capacity) index (%) (g m?) P florecence
(gm~“day™)
59 pllginl
Brasinostroid 144.6*  302.02 24.00% 1258.22 15.1% 0.72¢ 2.289
0.25
59 pllginl
Brasinostroid 146.82 302.82 23.93%® 1265.42 15.32 0.73¢% 2.30¢
0.5
100 o
Melatonin 150.52 297.22 24.97% 123992 14.6° 0.74¢ 2.319
0.5
s
Melatonin 149.32 299.92 23.93% 1253.02 14.9® 0.72¢ 2.289
1
Jals
134.9%  297.72 24,102 12352 14.6° 0.75°¢ 2279
Control
A pilgil
Brasinostroid 130.7¢  276.4% 23.48¢ 1176.0¢ 13.6¢ 0.74 2.92¢
0.25
39 powlgizunl
Brasinostroid 138.7° 286.6° 23.84 e 1202.2% 14.1°¢ 0.72¢ 3.194
0.5
75 oyl
Melatonin 132.3¢  276.8 23.76%¢ 1165.5¢ 13,54 0.75°¢ 2.69f
0.5
s
Melatonin 133.7%¢  278.5% 23.78%¢ 1171.6°¢ 13.6% 0.72¢% 2.78f
1
Aali d c cd d d b f
124.8 268.0 23.66 1133.1 135 0.79 2.74
Control
59 pllgil
Brasinostroid 9].0f 2054f 21.08¢9 9735f 104f 080b 396b
0.25
A pilgil
Brasinostroid 105.1¢ 229.4¢ 21.67° 1058.2¢ 11.1¢ 0.76° 4.29@
0.5
50 ol
Melatonin 91.7f 208.0°¢f 21.38f 972.2f 10.4f 0.79° 3.840c
0.5
R
Melatonin 915f 216.1¢ 21.50°¢f 1004.9f 10.4f 0.76° 3.94°
1
KT h
7159 143.99 19.08 753.39 9.509 0.85% 3.78¢
Control

)5 )b e Sglds oy gy o] g 13 SIS (905l lislp i S jiiie g (gl a8 ola uSike gt >
* Means in each column followed by the similar letter(s) are not significantly different at %5 probability level, using Duncan
multiple range test.
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Table 5- Means comparison of measured traits affected by different irrigation treatments (drought)

Sk ald )l 059
Irrigation (% of field capacity) 1000-grain weigh (g)
50 0.93¢
75 1.40°
100 1.502

Sy g pad L Jglome Ol yaudgy S

Leaf area index  Soluble carbohydrate (mg g* FW)
2.94¢ 123.35¢2
3.94° 92.99°
4.30° 82.03°¢

3,15 g > e Cglis doyd gy Jlain] prdaw y3 (4SSl 9051 bl iz S it gy clyls 45T ola pSSle gt D %
* Means in each column followed by similar letter(s) are not significantly different at %5 probability level, using Duncan multiple
range test
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Table 6- Means comparison of measured traits affected by plat growth regulators spraying

oL 0 (gLrouiiS il ails )32 o3 Sy g pas L Jglome Ol yaudgy S
Plant growth regulators (um)  1000-grain weight (y) Leaf areaindex  Soluble carbohydrate (mg g* FW)
Control s 1.16¢ 3.56° 98.7 ¢
Brasinostroid 0.25 13 il 1.28" 3.74% 101.1%
Brasinostroid 0.5 " 1.378 3.75@® 103.32
Melatonin 0.5 e 1.26° 3.902 96.7°¢
Melatonin 1 " 1.28" 3.67° 97.5%

)5 oyl dme glis Mo yd gy Jlein] a3 Sl g03] (bl it S yiidie g (sl &S ola Sk gt b )
* Means in each column followed by similar letter(s) are not significantly different at %5 probability level, using Duncan multiple
range test
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