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Introduction
Recent alterations in climate patterns have resulted in a reduction in precipitation. This shift not only contributes to
drought conditions but also increases the salinity levels of both water and soil utilized for agricultural purposes. To
mitigate the impact of this phenomenon on food security, it is essential to consider strategies that involve the
utilization of alternative plants and compounds, such as Brassinosteroids (BRs), which can enhance the resilience of
plant products to salinity stress. Quinoa (Chenopodium quinoa Willd.) is a plant with high production potential,
which can be used as a good candidate to replace salt-sensitive cereal due to its richness in nutrients needed by
humans and livestock. Due to the consecutive droughts in the Iran and as a result the lack of water resources and then
the salinity of water and soil resources, the production of some traditional agricultural and horticultural plants has
faced many limitations. This has caused a decrease in the quantity and quality of agricultural products in these
regions. In the meantime, the drying up of Lake Urmia, which was considered the largest salt lake in the world, has
faced additional tension in West Azerbaijan province. For this reason, the introduction of planting pattern of new
plants with high yield potential, which have good agricultural performance in dry and salty conditions, and the

production product, is of high quality is on the agenda.

Materials and Methods
In order to investigate the effect of 24-epibrassinolide and cauliflower extract on some biochemical characteristics
and related to the forage quality of Quinoa cultivars at salinity levels, a factorial experiment in the form of a
completely randomized design (CRD) with four replications in the greenhouse of the Faculty of Agriculture of Azad
University of Mahabad in the spring and summer of the year 1401 was done. The investigated factors included the
tolerant (Titikaka) and semi-sensitive (Sajma) Quinoa cultivars to salinity, the use of stress-modulating substances
(at three levels, without application, application of 24-epibrasinolide and application of cauliflower extract), and the
salinity levels (2 levels, without salinity and 15 ds.m™) of irrigation water. After sampling, morphological,

biochemical and fodder quality characteristics were measured.

Results and Discussion
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The results showed that spraying with 24-epibrassinolide and cauliflower extract increased total chlorophyll,
carotenoid, relative content of leaf water, proline, phenol, soluble carbohydrates, and forage quality characteristics
(digestible dry matter, crude protein, ash, water-soluble carbohydrates), and decreased hydrogen peroxide (H202)
and negative attributes associated with forage quality (insoluble fibers in acid detergent, insoluble fiber in neutral
detergent and fiber). The use of two anti-stress solutions, especially 24-epibrassinolide, significantly improved
oxidative damage caused by salinity stress by reducing hydrogen peroxide and increasing the activity of non-

enzymatic antioxidants.

Conclusion

In this study, morphological characteristics (root length, plant height and dry weights of roots, shoots and seeds),
total chlorophyll, carotenoid, relative content of leaf water and digestible dry matter of forage decreased under salt
stress. While the amount of proline, phenol, soluble carbohydrates, hydrogen peroxide and characteristics related to
forage quality (crude protein, insoluble fibers in acidic detergent, insoluble fibers in neutral detergent, percentage of
ash, water-soluble carbohydrates and crude fiber) increased. Foliar application of 24-epibrassinolide and cauliflower
extract improved the morphological characteristics, total chlorophyll, carotenoid, relative content of leaf water,
proline, phenol, leaf soluble carbohydrates and increased quality characteristics of fodder (percentage of digestible
dry matter, crude protein, percentage of ash, water-soluble carbohydrates) and decrease hydrogen peroxide and
negative characteristics related to forage quality (insoluble fibers in acidic detergent, insoluble fibers in neutral
detergent and fiber). According to the results, the use of two anti-stress solutions, especially 24-epibrasinolide,
significantly improved the oxidative damage caused by salt stress by reducing hydrogen peroxide and increasing the
activity of non-enzymatic antioxidants. Titikaka was more resistant to the negative effects of salinity stress on
morphological and biochemical characteristics than Sajma, and Sajma under foliar spraying of cauliflower extract
and Titikaka under foliar spraying of 24-epibrassinolide showed a better response to saline conditions. Therefore, in
order to improve the growth and quality of fodder and reduce the negative effects of salinity stress, foliar spraying

with 24-epibrassinolide and cauliflower extract can be recommended in both Titikaka and Sajma cultivars.
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5 Water-soluble carbohydrates: WSC
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8 Near-InfraRed Spectroscopy: NIRS
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Table 2- Variance analysis results of the effect of salinity and foliar application of 24-epibrasinolide and cauliflower
extract on the morphological characteristics of sensitive and tolerant quinoa cultivars to salinity.
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Table 3- Variance analysis results of the effect of salinity and foliar application of 24-epibrasinolide and cauliflower extract on the
biochemical of sensitive and tolerant quinoa cultivars to salinity.

s, Mean of squre) il w wSibo
Ol g o0 ’:j ( qure) Sleye ol
. 33
Source of variation ddf) CHL CAR PRL PHN LSF LWC H20:
S 1 1.84%* 0.30%* 0.09** 1.74%* 4.17**  740.60%*  0.10%*
Salinity
”’9.’ 1 0.522** 0.05** 0.02** 0.08™ 0.02" 263.63** 0.01*
Cultivar
"Mb“"bw . 2 2.93** 0.20** 0.03** 0.67** 1.54** 176.35** 0.15**
Foliar application
o) X (8 ygu
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o Slasie 559
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Salinity x Foliar application
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Error
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SV 90 Jlais] polaw )3 I3 e g I3 dmepé caiy & 5 M

", * and ** non-significant and significant at 5 and 1% probability levels, respectively

JS Udsls CHL S5, CAR sy PRL Jié PHN
CHL.: Total chlorophyll CAR: Carotenoid PRL: Proline PHN: Phenol
Sy Jolxe sl lamg S (LSF Sy o o slgize LWC Oiaskn 1Sl (H202
LSF: Leaf soluble carbohydrates LWC: Relative leaf water content H,0,: Hydrogen peroxide

Judg 5
Y JSs) amy ralS 1y S Jdo S jlde (o) pme jebods Cunslel (6)gu i Loyl b s oo s ddlrdw @l ke duwlie poli
135 onlie (e Sl dgng Mnly (VY b (3l Jgbo 53 S S lS ke 15 05 53 o 63 sine slis Jlog bl

Lulys > 25500m IS JebsplS oo GRal3l & prie (8 001 a5 Jolone 59 o b (o3 olons cc5355 5 5 Jlog luly 93 5o 53 &5



B G Jooxia o35 )3 Joloxe 93 (o () ime gl (oo 5l 292 Jooxio o8 51y Lol ol 5 )3 oIS JS 0 liae e 1 s
g ol S ojlas 1 i (gl sine yobodr JS Juda IS I3l 53 gty (GHYF Cuto 18l Lealis ulus 08 53 48 yg 5 it o
&S Sy Jdo)lS clale Cupr (pod 4 05 )l )8 odlatl 3550 olS codlus (gl padll BlF oyl 3 G led Wl HLS G )
S W3 oo (i bgw (59, 4Bl plonl glagow)p Ll GlALS (ages Cuodlw 5 (g 2L (SbeF sunl A S5 S LS
Mg oS s oole ol Cod (g (AT JoSiS dgie 9 Mgl (L Jglone b Lol s Ji89)18" jlude y (gl clalS )
lgoe Gl 4 podie gl ol 58 & 43 osalin S5 cimghy ) (Otie et al., 2021) wb oo 2900 rgd Laalyd )3 Jedg)lS

(Maia Junior et al., 2022) 545 oo (5y9 golaw plos > (5,34565 oLS ;5 JS' Judg IS

O s Bl oHYF Bl S o)las
Control 24-EB cauliflower extract

N
Nl w

(5 0is 25 2 e ko) IS g )lS
Total chlorophyll (mg.(grFW)1)
tn

d-f
| %
Lol K8 & Lalo
Titikaka Sajma Titikaka Sajma

Sy L9 Kogs
Normal Salinity

ol Jglono x pBy x g yqms Julie 51 Codi 19SS JS Judg IS Jladle Ol pnti (paSiilee duny e Y IS0
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Figure 8- Mean comparison of relative leaf water content of quinoa leaf in effect of salinity x cultivar (a) and foliar
application (b).
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Different letters indicate a significant difference at the 5% probability level (Error Bars = £SD).

(H202) (359508 SuS 1 y
1) 3 pdar s)bgime sabas boals (olus 08) ) H202 jlude (Jloy balpd )3 cmd o (Ui (5950 ATy 20> (150 dunlis
@l (Bb 5l a5 eanlia 68 53 ol (it denSly 2oy o () sine Sgli5 (59 LA Ll )3 3929 cul b gy I 55 Jeste
ol g <28l I3 o inn bt 5,55 S Ll > Jaoxt oy 53aen deeSlyy hopp oJleys Ll b dulis 1 amd o i
oo 93 5 cam3 0 5 (ol Jgbro 51 555,000 ey, 2oy (35S0l gl (IR JS05) 395 s sine Lozl (ol 5 (sl (el
ey (0 me sy (20> TVIYY) Lials oyl 1 oIS IS ojlae il a8l Lo g aaisls 158 Sy 3 HaOp alS s (5l e
I Gialial a4 HoO2 (slgime (g9 (i byl Cods cdidd o (i b awyp (= JSK5) 299 (duoyd WYY Wgislyy (oFYF )
o0l 50 Wil 3l p 36 (6,500 oliie (Su et al., 2020) s> LialS a5 B joba Iy o] jlade bl o gl 3,08 Jg S oo

(Lopez-Gomez et al., 2016) xlo>,S 45T (ROS) b )5S sloaiss soi o) cdlaio 5 ()9 i ) 08U guilnST (slacu]



BsK 55 Blel (&

- (¢ < Titikaka ~ Sajma
< a =
2o 06 = § 2 06 a
=} 1 -
i .=
f— 3 [}
18 04 7 25 04
e 35 O
38, <8
= =
2 02 £ 02
0 0
Control 24-EB  cauliflower extract Normal Salinity

() (ldglone 5 (W) 08, x (598 Jilite 1 ST S g2 (159 )40 SmuST 52 Ol i (koo Ayl -4 JSU5
Figure 9- Mean comparison of hydrogen peroxide of quinoa leaf in effect of salinity x cultivar (a) and foliar application

(b).
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Different letters indicate a significant difference at the 5% probability level (Error Bars = +SD).
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Table 4- Variance analysis results of the effect of salinity and foliar application of 24-epibrasinolide and cauliflower extract on
forage quality of sensitive and tolerant quinoa cultivars to salinity.
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Figure 10- Mean comparison of digestible dry-matter of quinoa in effect of salinity x cultivar (a) and foliar
application (b).
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Different letters indicate a significant difference at the 5% probability level (Error Bars = £SD).
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Different letters indicate a significant difference at the 5% probability level (Error Bars = £SD).
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