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ABSTRACT

The aim of this study was to evaluate the growthand productivity of quinoa grown under droughtstress through using
growth regulator, retardant and bio stimulant. The experiment was carried out at Agricultural Research and
BExperimental Station, Faculty of Agriculture, Cairo University, Giza, Egypt during two winter successive growing
seasons 0f 2019 and 2020.The horizontal plots were devoted to two irrigation regimes [well water (80% filed capacity)
and droughtstress (40% filed capacity)]. The vertical plots were allocated to drought alleviating materials (salicylic
acid, paclobutrazolandalgae extract) in addition to control treatment (tap water). The results revealed that exogenous
application of drouqht alleviating materials significantly enhanced growth parameters, inflorescence length, No.
inflorescences plant™, No. seeds plant™, 1000-seed weight and seed yield ha™ compared with untreated treatment. In
addition, spraying plants with salicylic acid, paclobutrazol and algae extract at 40% field capacity (FC) exhibited a
significant increase in growth and chemical characters compared with untreated plants. Foliar spray with 100 ppm
salicylic acid caused positive changes in growth, yield and anatomical structure of stemand leaves of quinoa. Also,
spraying plants with the aforementioned materials increased almost all macro and microelements, besides total
carbohydrate percentage and crude protein in seeds. Analysis of amino acids in quinoa seeds using Amino Acid
Analyzerdiscovered higher concentration in phenylalanine, leucine and lysine. As well as fatty acids was analysis

detected higher percentages in linoleic.
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1. INTRODUCTION Gamez et al., 2019). So, it could be considered one
of the best solutions to grow in arid and semi-arid
2n=4x=36) belongs to family Amaranthaceae, rNeglonS (Abdallalh etal., 2g15’ Ganlwedz etal., f](.)lr?)'
originated at the Andean region, and cultivated in i owa alys, C" imate th ¢ an?oel h('e hi to 'g tfr
Peru and Bolivia (Abdallah et al., 2015; Bazile et Oe?foeéq u[ﬁs gotﬁ)ver . ewo';h w tIC d_:nc_rease oy
al., 2016). Plant grain is an achene, a seed-like fruit, ' ih the century with a steadily Increasing

used as a pseudo-cereal (Bazile et al. 2016: Gamez rate, associated with a decrease in precipitation rate

. . : d bad irrigation management that enhances
et al., 2019). Quinoa has been cultivated in Egypt an . Y
since 2005, first in the south of Sinai to evaluate the drought problems (Lipiec etal., 2013; Gamez et al.,

opportunities of growing under harsh conditions. 2019). Drought is one of the most deleterious abiotic

Recently, quinoa has great attention worldwide, it is stresses which severely limiting plant growth

a rich source of gluten-free protein, unsaturated fatty (Faroog Et a}l.l, 2.01|2 ). Drought -adversely affeﬁts
acids, amino acids (lysine, methionine, and most  physiological processes; CO,  uptake,

threonine), vitamins and ash, the grains also contain g:hlorophyll content, and pho'go_synthegis ! at? which
high minerals content as sodium, calcium, and iron in turn reduce plant productivity (Winnicki et al.,
(Abdallah et al., 2015; Ebrahim et al., 2018; Gdmez .2019’ Mogazy et al., 2020). One of_the most
etal., 2019). Quinoa seed has a multipurpose use; it important strategies to overcome the environmental
has been used in human food as an ingredient in stress pfo.b'em.s IS using plant_growth regulators such
bread making, baby’s food, and biscuits. Also as abscisic acid, salicylic acid (SA), paclobutrazol
quinoa's sapor;in is important’ in the industrial uses’; (PBZ) or natural extract as algae and yeast extracts,
or it’s grown as an oil seed crop (Abdallah et al., they are used to enhance plant performance under

_ . different environmental stress conditions (Nofal et
2015; El-Sadek et f’!'-’ 2017). Qumoa_plant can grow al., 2015; Pal et al., 2016; Abdelaal et al., 2020).
under severe environmental conditions; drought, Use of chemicals. excent for nutrients and
hyper salinity levels, forest, acid, and alkaline soil .. ' P ;
(Choukr-Allah et al., 2016; Ebrahim et al., 2018; pesticides to manage crop yields has achieved

Quinoa plant (Chenopodium quinoa Willd.,
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significant progress in agricultural systems in
current times. Plant growth regulators (PGRs) can be
applied to gain a high yield. Salicylic acid (ortho-
hydroxy benzoic acid) is a phytohormone that
involves in improving plant stress tolerance, it plays
a key role in regulating some the physiological
processes including; transpiration, photosynthesis
and nutrient uptake (Kareem et al., 2017; Seleem
and Taha, 2019; Abdelaal et al., 2020). Exogenous
application of SA improves plant growth under
different biotic and abiotic stresses conditions by
increasing the accumulation of osmolytes, enhances
antioxidant enzymes activity, reducing Reactive
Oxygen Species (ROS) generation, and increasing
chlorophyll content (Youssef et al., 2017; Shaki et
al., 2019 and Abdelaal et al., 2020). Application of
SA enhanced plant growth characters and
chlorophyll content under abiotic stress as reported
by Manzoor et al. (2015) on maize; Kareem et al.
(2017) on wheat; Abdelaal et al. (2020) on barely;
Yadav et al. (2020) on wheat.

Paclobutrazol (PBZ) is a plant growth
regulator that belongs to triazole family; it is
comprised as growth retardant, it causes inhibition
of gibberellin biosynthesis, which is responsible for
cell division (Tesfahun, 2018 and Xia et al., 2018).
PBZ has a great efficient role in resisting adverse
environmental conditions (Abbasi et al., 2015;
Tesfahun 2018 and Cregg and Ellison-Smith, 2020).
This resistance is achieved by enhancing the
photosynthetic pigment content, increases osmolyte
accumulation and increasing antioxidant enzymes
(Abbasi et al., 2015; Waqgas et al., 2017). As
reported by Pal et al. (2016) foliar spray of PBZ
enhanced drought tolerance of tomato plants under
drought stress. Moreover, Wagas et al. (2017)
reported that PBZ improved growth and
photosynthetic pigments of quinoa plants under salt
stress conditions.

Amphora coffeaeformis is a marine diatom
that produces high levels of protein, carbohydrates,
and lipids (Rajaram et al., 2018), it contains a high
amount of amino acids, B-carotene, chlorophyll,
vitamins, minerals, phosphorous, iron and zinc, and
antioxidants components (El-Sayed et al., 2018;
Mogazy, 2020). Moreover, algae extract contain
high levels of plant hormones as auxins and
cytokinins, so it proved to work as a natural
bioactive component, which enhances plant growth
and productivity (Nawar and lbraheim, 2014,
Marhoon and Abbas, 2015; Boghdady et al., 2016;
Enan et al., 2016). Van Oosten et al. (2017)
reported that algae extract improves plant tolerance
against abiotic stress. Mogazy et al. (2020) found
that foliar spray of Amphora extract provides a
beneficial effect on growth of lupine plants under
drought stress.
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Thus, the aim of this study is to minimize the
deleterious effects of drought stress on quinoa plant
by application of SA and PBZ plant growth
regulators as well as algae (Amphora) extract as an
important strategy in stress resistance and to study
the response of quinoa plant morphological,
anatomical, yield and chemical characters to the
previous treatments.

2. MATERIAL AND METHODS
2.1. Experimental Site:

Two field experiments were conducted at
Agricultural Research and Experimental Station,
Faculty of Agriculture, Cairo University, Giza,
Egypt (30° N, 31°: 28 E with an altitude of 19 m),
during two winter successive growing seasons of
2019 and 2020 to study the response of
Chenopodium quinoa Willd. to foliar application of
salicylic acid (SA), paclobutrazol (PBZ) and algae
extract under drought stress (40%FC) compared
with well water treatments (80%FC).

2.2.Experimental design and treatments:

The experiment was laid out in a strip-plot
design in randomized complete blocks arrangement
with three replications. The horizontal plots were
devoted to two water regimes [well water (80%FC)
and drought stress (40%FC)]. Each irrigation
treatment was thoroughly separated from each other
by deep channels to prevent water leaching between
different treatments in terms of high isolation. Soil
moisture content in different treatments was
measured by tensiometers under a flooding irrigation
system and the field capacity was calculated. The
vertical plots were allocated to drought alleviating
materials (salicylic acid, paclobutrazol and algae
extract) in addition to control treatment. Each plot
consisted of eight ridges. The ridge was four meters
long, 70 cm apart and 25 cm between hills on one
side of the ridge. A composite soil samples at depth
of 30 cm were collected (Table 1) from the site of
the experiment during 2019 and 2020 seasons at
time of sowing to examine the mechanical and
chemical properties of soil according to standard
methods outlined by Jackson (1973).

2.2.1. Cultural practices:

In both seasons the previous summer crop was
maize. Quinoa seeds were acquired from
Agricultural Research Centre Giza, Egypt, and
planted by hand at a seed rate of 12kg ha® on 3
December 2019 in the 1% season and 5 December
2020 in the 2" season. Thinning till two plants were
left per hill was conducted before the first irrigation
(20 days after planting). Before starting water
regime treatments, the plants were irrigated up to
100% soil field capacity conditions, after 20 days
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Table 1. Soil mechanical and chemical properties
(0-30 cm depth) during 2019 and 2020
growing seasons of quinoa.

Soil properties Season

2019 2020
Mechanical analysis
(%):
Clay 32.1 33.1
Silt 31.5 32.4
Fine Sand 33.4 31.2
Coarse Sand 3.1 3.3
Texture lCIay Clay loam

oam
Chemical analysis:
pH (paste extract) 7.81 7.79
EC (dS/m) 1.81 1.89
Organic matter (%) 2.41 2.19
Total calcium carbonate
(%) 3.53 3.71
Available nitrogen 373 39 8
(mg/kg)
Available phosphorus 8.97 9.13
(mg/kg) _
Available potassium 243 231
(mg/kg)

when the plants established, we applied the
treatments.

Salicylic acid was obtained from Soil and
Water and Environment Research Institute,
Agriculture Research Center (ARC) were applied as
a solution of 1 l/fed at concentration of 100 ppm.
Paclobutrazol applied at concentration of 20 ppm
and algae extract (Amphora coffeaeformis) was
produced at Algal Biotechnology Unit, National
Research Centre with a final capacity of 75m* (El-
Sayed et al., 2018) with concentration of Imm/L. A
constant volume of drought alleviating materials
(salicylic acid, paclobutrazol and algae extract) were
sprayed by a hand sprayer twice early in the morning
on the leaves after 50 days from planting and two
weeks later in both seasons.

2.2.2. Morphological characters:

Ten plants were taken from the outer four
ridges at 90 days after sowing to determine growth
attributes which included: plant height (cm), stem
diameter (cm), number of internodes/plant, number
of branches/plant, number of leaves / plant, shoot
fresh and dry weight/plant (g).

2.2.3. Yield and yield components:

Harvesting took place on 1°' week of July in
2019 and 2020. In both seasons, five representative
hills (10 plants plot™) were randomly chosen from
the outer four ridges and threshed to determine some
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yield components. Yield components included:
inflorescence length, inflorescence diameter, No.
inflorescences/plant, No. seeds/plant, 1000-seed
weight. The inner four ridges of each plot were hand
harvested to determine seed yield in kilogram plot™
and transformed to kilogram ha™.

2.2.4.  Anatomical investigation:

Specimens were taken from the 5"
internodes of stem from plant tip and its
corresponding leaf at the end of vegetative growth
(90 days). The specimens fixed in formalin-acetic
acid alcohol (FAA) solution (50 ml 95 % ethyl
alcohol + 10 ml formalin + 5 ml glacial acetic acid +
35 ml distilled water), gradually dehydrated in a tert-
butyl alcohol (TBA), and were cut on a rotary
microtome at a thickness of 20 um, finally stained
with double crystal violet/erythrosine combination
(Nassar and El-Sahhar, 1998). Measurements were
done using a micrometer eyepiece and average of 10
readings were calculated. The selected sections were
examined and photographed wusing a light
microscope (Model BX51; Olympus Optical)

2.2.5. Chemical analysis:

Determination of N, P, K, Mg and Ca were
subjected in mature seeds of the 2" season and
calculated as percentage of dry weight. Total
nitrogen content of the seeds was determined
according to Helrich (1990). Phosphorus was
determined according to Jackson (1973). Potassium
concentrations were determined using the flame
photometer apparatus (CORNING M 410,
Germany). Concentrations of Mg and Ca were
determined using atomic absorption
spectrophotometer (Pye Unicam, model SP-1900,
US). Total carbohydrates in plant herbs were
determined according to Helrich (1990). Crude
protein was determined by multiplied nitrogen
content of seeds by 6.25 (Anon., 1990). Amino acids
were extracted according to Csomos and Simon-
Sarkadi (2002) and Shalabia (2011) and measured
using Amino Acid Analyzer (AAA 400 INGOS Ltd)
at Faculty of Agriculture, Cairo University Research
Park (CURP). Fatty acids analysis was prepared
according to A.O.A.C. (2000) and Vogel (1975),
respectively. Determination of fatty acids by GLC
described by farag et al. (1981).

2.3.Data analysis:

Test of normality distribution was carried
out for field data (growth, yield and yield
components characters) according to Shapiro and
Wilk, method (1965), by using SPSS v. 17.0 (2008)
computer package. Also, data were tested for
violation of assumptions underlying the combined
analysis of variance by separately analyzing each
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season and then combined analysis across the two
seasons was performed if homogeneity (Bartlet test)
was insignificant. Collected field data were
subjected to analysis of variance according to Steel
etal. (1997). Treatment means, at a probability level
of 0.05 were compared based on least significant
difference (LSD). Finally, all statistical analysis was
carried out using "MSTAT-C" program 1991.

3. RESULTS AND DISCUSSION
3.1.Morphological characters

Data in Table (2) indicated that the drought
stress (40% FC) decreased plant height and stem
diameter, by 5.5 and 14.1%, respectively, as
compared with control (80% FC). Moreover,
number of internodes, branches and leaves/plant
decreased by 13.6, 6.7 and 21.4%, respectively, in
control plants. Similarly, shoot fresh and dry weights
were decreased significantly by 16.9 and 4.6%,

respectively compared with control. Data presented
in Table (2) showed that plant height, stem diameter,
number of internodes/stem, number of branches and
number of leaves/plant, shoot fresh and dry weight
of quinoa plants were significantly affected by
application of salicylic acid, paclobutrazol and algae
extract wheather under normal or drought conditions
compared with untreated plants.

Results revealed that foliar spray with salicylic
acid had the most significant increase on all growth
parameters of plants at 80% FC in comparison with
either control or all other treatments in combined
data across seasons. The maximum plant height
recorded at 143.5 cm, being 38.9% more than
control, also stem diameter recorded 1.8 cm, being
87.6% over control. Moreover, number of
internodes, branches and leaves / plant, they were
increased by 35.4, 48.6 and 200.5%, respectively
more than control.

Table 2. Effect of salicylic acid, paclobutrazol and algae extract on morphological characteristics of
guinoa plant under two water regimes(combined data over 2019 and 2020 seasons).

Treatme[?ts - Plant Stem No. No. No. Sl??;\)lt Shoot
Irrigation allg\?ra%in height diameter internodes branches leaves/ (') D.W
(A) 'ating (cm) / plant / plant plant g (9)
materials (B)
Control 109.33 1.13 42.50 1833  134.00 167.33 26.82
Salicylic —acid 14359 18 49.70 26.75 31650 682.95 114.26
Well 100 ppm
water Paclobutrazol 14547 159 45.00 13.25  203.00 327.25 47.81
(80% FC) 20 ppm
Algae extract /., oc 1.60 45.00 15.75  161.25 286.63 44.45
Imm/l
Mean 130.98 151 45.55 1852  203.68 366.04 58.33
Control 103.30  0.97 36.70 17.00  105.33 138.92 2558
Salicylic —acid 13549 4 39 46.00 23.00 146.30 328.60 67.00
100 ppm
Drought
(40% FC) ggcgg%“trazo' 128.00 1.10 44.00 19.00  133.30 286.45 62.30
ﬂ?r?f/l extract 133 0o 1.20 45.00 21.00 131.70 270.50 34.60
Mean 125.65 1.14 42.92 20.00 129.15 256.11 47.37
Control 106.32 1.05 39.60 17.67 119.67 153.13 26.20
Means of Salicylic —acid 097 154 47.85 24.88  231.40 50578 90.63
drought 100 ppm
alleviating Paclobutrazol 1,9 ) 4 39 44.50 16.13  168.15 306.85 55.06
materials 20 ppm
B
®) fr'é’r?]‘jl extract 14563 1.40 45.00 18.38  146.48 27857 39.53
Ftest A * *x %% *%* *%* *%* *%
B 0.49 0.025 w21 0.22 091 414 036
LSD at
0% AxB 0.69 0.032 .29 0.32 1.29 586  0.60
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As to the same effect on shoot fresh and dry
weight, results indicated that treatment with salicylic
acid recorded 682.9 and 114.2 g, being 391.6 and
346.6%, respectively more than control. Also, it was
clear that application of algae extracts had
significantly increased plant height, stem diameter
and number of Dbranches compared with
paclobutrazol by 7.2, 6.7 and 18.8%, respectively.
While the number of internodes showed no
significant increase. Paclobutrazol surpassed algae
extract in number of leaves and fresh and dry
weights of shoot by 25.8, 14.2 and 7.5%,
respectively.

Water deficit dramatically decreases plant
growth and development; it enhances accumulation
of ROS in plant cells which reduces photosynthetic
pigment content (Fghire et al., 2015; Aziz et al.,
2018; Winnicki et al., 2019). Moreover, drought
stress reduces ion uptake that affects metabolic
processes, causes inhibition of cell division and
elongation as a result of osmotic stresses that affects
cell turgor resulting in inhibition of shoot growth
(Rao et al., 2016; Elewa et al., 2017; Nadali et al.,
2021; Yadav et al., 2020). In this concern, many
authors reported that drought stress negatively
affected the vegetative characters of quinoa.
plants (Elewa et al., 2017; Aziz et al., 2018; Igbal et
al., 2018; Ali et al., 2019; Nadali et al., 2021).
Moreover, SA, PBZ and algae extract play a crucial
role in alleviating the harmful effect of drought on
plant growth. SA promote nutrient uptake, enhances
assimilating of carbon, increase photosynthetic rate,
decreases oxidative stress, and improve cell
enlargement and elongation which improves plant
growth (Ghazi, 2017; Abdelaal et al., 2020; Yadav
et al., 2020). While, PBZ has an important role in
reducing ROS, enhances amino acids production,
improve activity of antioxidant enzymes, and
delaying leaf senescence that promotes plant
tolerance to drought stress (Soumya et al., 2017;
Tesfahun, 2018; Chandra and Roychoudhury, 2020;
Kamran et al., 2020). Moreover, A. coffeaeformis
algal extracts are a rich source with photosynthetic
pigments (chlorophyll, B-carotene and fucoxanthin),
phenolic compounds which are important for free
radical scavenging (El-Sayed et al., 2018). In
addition, algae extract rich with macro and
microelements as well as plant phytohormones such
as auxins and cytokinins which are important for cell
divisions and enlargement which improve plant
growth (Marhoon and Abbas, 2015 as well as
Mogazy et al., 2020). Similar results were obtained
by Manzoor et al., (2015) who reported that
exogenous application of SA at 5 mM improved
shoot fresh and dry weights of maize under drought
stress conditions. Pal et al. (2016) found that
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exogenous application of PBZ at 1.6 ppm increased
stem diameter and leaf number of tomato plants
under drought stress. Moreover, El-Saadony et al.
(2017) reported that spraying pea plant with SA at
100 ppm enhanced plant height and shoot fresh
weight under drought stress conditions. Ghazi
(2017) reported that plant height and fresh and dry
weights of drought-stressed maize was significantly
increased with application of SA at 200 mg™.
According to llyas et al. (2017) SA at 10 Mm
increased significantly shoot length, fresh and dry
weights of wheat under drought. In addition, shoot
dry weight of drought-stressed wheat plants was
significantly increased with application of SA at
1.44 mM (Kareem et al., 2017). Similarly, Mansori
et al. (2019) stated that application of seaweed
extract (Fucus spiralis) improved shoot length and
leaves number of sag under normal and drought
stress conditions. Abdelaal et al. (2020) reported that
application of SA at 0.5 mM increased stem length,
fresh and dry weights of barely under drought stress.
Almaroai and Eissa (2020) found that foliar
application of amphora algae extracts increased
plant height, leaf number, and leaf area of onion
plants under 50% of water irrigation level.
According to El-Sayed et al. (2020) Plant fresh and
dry weights of peanut were enhanced by application
of algae extract (3%) under water deficit conditions.
Moreover, Yadav et al. (2020) stated that plant
height of wheat was significantly increased with
application of 1 mM SA under drought stress. On
the contrary, Hajihashemi and Ehsanpour (2013)
reported that application of PBZ reduced shoot fresh
and dry weights of Stevia plant under both normal
and drought stress conditions. Parvin et al. (2015)
found that leaf dry weight of strawberry was
decreased in PBZ-treated plants under water stress
conditions. Jungklang et al. (2017) reported that
application of PBZ on Curcuma alismatifolia
reduced significantly plant height and fresh weight
under drought stress conditions.

3.2.Yield characters

Results in Table (3) showed that "spraying of
quinoa drought stressed plants with salicylic acid or
paclobutrazol or algae extract” had a significant
effect on yield and most of yield components of
quinoa  plants.  Inflorescence length, No.
inflorescences/plant, No. seeds/plant, 1000-seed
weight and seed yield/ha significantly decreased
when the water supply of quinoa plant declined from
80 to 40% from field capacity. On the other hand,
although inflorescence diameter declined with water
supply 40% of field capacity but, with no significant
difference between two levels of water supply (80
and 40%). Seed yield was significantly lower when
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Table 3. Effect of salicylic acid, paclobutrazol and algae extract on yield characters of quinoa plant
under two water regimes (combined data over 2019 and 2020 seasons).

Treatments

1000-

Inflorescen No. No. Seed
.. Drought Inflorescenc . . seed . 4
Irrigation o ce diameter inflorescences seeds . yield ha
(A) aIIewqtlng e length (cm) (cm) / plant / plant weight (kg)
materials (B) (o)
Control 17.72 23.71 15.64 9524.3 3.56 2413.1
wa?ttlalr Salicylic acid 19.14 26.95 17.11 9855.8 4.88 2814.4
o Paclobutrazo 18.60 25.82 16.51 9711.7 4.13 2517.1
(80% FC)
Seaweed 18.90 26.00 16.71 9827.6 4.57 2649.7
Mean 18.59 25.62 16.49 9729.9 4.29 2598.6
Control 14.16 22.42 14.01 7869.8 3.01 1734.3
Drought  Salicylic acid 17.82 25.43 16.22 9455.5 3.84 2281.5
(40% FC) Paclobutrazo 16.57 24.01 16.01 9411.7 3.57 2011.4
Seaweed 17.22 25.08 16.30 9449.2 3.68 2197.8
Mean 16.44 24.24 15.64 9046.6 3.53 2056.3
Means of Control 15.94 23.07 14.83 8697.1 3.29 2073.7
drought Salicylic acid 18.48 26.19 16.67 9655.7 4.36 2548.0
a“eVla_tl?g Paclobutrazo 17.59 24.92 16.26 9561.7 3.85  2264.3
materials  seaweed 18.06 25.54 16.51 9638.4 413 2423.8
F test A * ns * fala * *x
LSD at B 1.51 ns 1.36 128.73 0.87 146.58
0% AxB 1.64 ns 1.51 142.61 1.04  215.38
the plants of quinoa were grown under 40% of field Results observed that the improvement of

capacity (2056.3 kg ha™) and this decrease due to the
adverse effect of drought on all parameters of yield
components such as inflorescence length,
inflorescence diameter, No. inflorescences plant'l,
no. seeds plant™, 1000-seed weight. These results are
confirmed with those obtained by Geerts, et al.
(2006); Al-Nagoar et al. (2017a); Algosaibi et al.
(2017); Telahigue et al. (2017) and Nadali et al.
(2021) who reported that water deficit had a
negative effect on yield components of quinoa plant.

As general foliar application of drought
alleviating materials (salicylic acid, paclobutrazol
and algae extract) significantly enhanced
inflorescence length, no. inflorescences plant'l, no.
seeds plant™, 1000-seed weight and seed yield ha™
compared with untried treatment (Table 3). Among
drought alleviating materials, exogenous application
of salicylic acid found to have the best treatment for
inflorescence length (18.48 cm), inflorescence
diameter (26.19 cm), no. inflorescences / plant
(16.67), no. seeds/ plant (9655.7), 1000-seed weight
(4.369) and seed yield / ha (2548.0kg). In addition,
both salicylic acid and algae extract were as good as
or better than paclobutrazol to mitigate the adverse
effect of drought on aforementioned traits of quinoa
plant. It was clear that, inflorescence diameter
increased with the exogenous application of drought
alleviating materials compared with tap water
treatment but, without any significant differences.
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inflorescence length, inflorescence diameter, no.
inflorescences / plant, no. seeds / plant, and 1000-
seed weight under the exogenous application of
salicylic acid, paclobutrazol and algae extract
compared with application of tap water resulted in
an increase in seed yield of quinoa plant.

The observed improvement of vyield
characters in quinoa may be due to the stimulating of
growth and enhancement of photosynthesis and
nutrient uptake as a function of phenolic compounds
(salicylic acid) which consider a plant growth
regulator. Furthermore, exogenous application of
salicylic acid was found to increase photosynthetic
rate, internal CO, concentration, stomatal
conductance, and water use efficiency in Brassica
juncea (Fariduddin et al., 2003). The alleviating
effect of salicylic acid under water stress including
several mechanisms such as, improving plant growth
through improved carbon assimilation subsequently
increasing plant biomass (Kang et al., 2012), or
alleviate plant growth inhibition (Kang et al., 2013),
increasing water use efficiency (El-Mageed et al.,
2016 and Aldesuquy 2014), antioxidant enzyme
activities which decline harmful effect of ROS
(Hafez and Hafez 2016 as well as Sedaghat et al.,
2017) and increasing proline and abscisic acid
(ABC) content (Noreen et al., 2012 and Nazar et al.,
2015). Concerning the mechanism of paclobutrazol
in enhancing the protection of plants, it depends on
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regulating some plant hormones, reducing
gibberellic acid level, and momentary rise in ABA
level (Masia et al., 1994; Rademacher 1997 and Zhu
et al., 2004). The mechanism in which A.
coffeaeformis algal extracts mitigates the adverse
effect of drought on plant depending on high content
of photosynthetic pigments (chlorophyll, B-carotene
and fucoxanthin), phenolic compounds which is
important for free radical scavenging (El-Sayed et
al., 2018), macro and microelements as well as
phytohormones (auxins and cytokinins) which are
important for cell divisions and enlargement
resulting in improving plant growth (Marhoon and
Abbas, 2015 and Mogazy et al., 2020).

Significant irrigation regimexdrought alleviating
materials interactions existed on the above-
mentioned characters of quinoa in combined data
over 2019 and 2020 seasons (Table 3). Well water
plant of quinoa (80%FC) produced the highest value
of inflorescence length (19.14cm), inflorescence
diameter (26.95cm), No. inflorescences plant™
(17.11), No. seeds plant® (9855.8), 1000-seed
weight (4.88) and seed yield ha™ (2814.4kg) with the
exogenous application of salicylic acid. On the
contrary, stressed plant of quinoa (40%FC) recorded
the lowest value of inflorescence length (14.16cm),
inflorescence diameter (22.42cm), no. inflorescences
plant™ (14.01), no. seeds plant™ (7869.8), 1000-seed
weight (3.01) and seed yield ha (1734.3kg) under
untreated plants in combined data over both seasons.

3.3.Anatomical studies
3.3.1.  Anatomy of leaf blade

As shown in Table (4) and Fig. (1), drought stress
has an adverse effect on leaf anatomical structure.
Lamina thickness was dramatically decreased by
57.9% less than the control plants, this reduction
was reflected on palisade and spongy tissue
thicknesses which decreased by 56.5 and 56.1%,

respectively. A slight increment occurred in midvein
thickness in drought-treated plants which increased
by 4.2 % more than the control plant, while, the
length and width of main vascular bundle were
decreased by 21.9 and 5.35%, respectively.
Moreover, xylem tissue thickness and number of
xylem row bundle® were decreased by 27.5 and
16.6%, respectively. Phloem tissue thickness and
xylem vessel diameter were increased in drought-
stressed plants compared with control plants. The
reduction in lamina thickness in drought-stressed
plants could be attributed to the negative effect of
drought on the cell division of mesophyll that
reduces leaf elongation (Abd Elbar, et al., 2019).
Additionally, the reduction in mesophyll may also
result from shrunken volumes of mesophyll, and
compacted palisade layers in drought-stressed leaves
with reduced intercellular spaces (Agami, 2013; Abd
Elbar, et al., 2019). Furthermore, drought affects
palisade and spongy tissues which causes
deformation in both tissues (Zhang et al., 2015;
Assem et al., 2017). A reduction in leaf size of
quinoa under drought stress was reported by Al-
Naggar et al. (2017b) that leaf thickness, palisade
and spongy tissues were significantly reduced in
moderate (65 % FC) and sever (35 % FC) drought
stress.

Regarding drought stress, plants treated with
SA, PBZ, or algae extract were exhibited a
prominent increase in most leaf anatomical structure.
Midvien, lamina, palisade and spongy tissue
thicknesses were increased in plants treated with
Pac, SA, and algae compared with drought stressed
plants, except midvein thickness of plants treated
with algae did not show any increment. Moreover,
main vascular bundle length and width, xylem and
phloem thicknesses were increased at the same
treated plants compared with drought stressed plants.

Table 4. Effect of salicylic acid, paclobutrazol and algae extract on leaf of quinoa plant under two

water regimes in 2020 season.

Treatments
Drought +
Characters Contral  Drought Drought + PBZ 20 Drought t
SA 100 ppm opm algae 1 mm L

Mid-vein thickness 1246.6 1298.81 1568.1 1339.05 1021.01
Lamina thickness 278.8 117.3 265.13 310.9 238.5
Palisade tissue thick 139.7 60.73 101.85 126.4 115.26
Spongy tissue thick 120.9 53.11 136.97 166.40 113.95
Dimension of the main vascular

Length 345.0 269.26 376.81 340.6 297.87

Width 164.6 155.78 220.89 201.43 200.23
Xylem thick 210.5 152.57 229.00 220.22 200
Phloem thick 54.1 66.53 86.46 75.61 70
No. of xylem row bundle™ 6 5 5 5 4
Xylem vessel diam 33.9 34.02 36.07 335 35.00
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Fig. 1. Cross sections of the leaf blade of quinoa plant grown under drought stress (40% FC), and
exogenous application of SA, PBZ or Algae extract

A: control (unstressed plants), B: drought stressed plants, C: stressed plants treated with 100 ppm SA, D: stressed

plants treated with 20 ppm PBZ, E: drought stressed plants treated with 1 g L™ algae extract.

In this concern, El-Saadony et al. (2017)
reported that SA involved in nutrients and ion
uptake, improves photosynthesis process that
helping in mitigating the harmful effect of drought.
In addition, PBZ is important in plant protection
against drought stress by reducing ROS and
improves enhancing antioxidative capacity of the
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plants (Abbasi et al., 2015). Likewise, Algae extract
rich with plant hormones (auxins and cytokinins)
that important in enhancing plant growth (Boghdady
et al., 2016; Enan et al., 2016).

Results of this study were in harmony with
Tsegaw et al. (2005) who found that palisade and
spongy tissues of potato were increased in PBZ
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treated plants at a concentration of 67.5mg L™.
Agami (2013) on lettuce, reported that application of
SA at 10°M caused a prominent increase in
midvein, blade and mesophyll thicknesses, average
diameter of vessels and average number of vessels
bundles™ in drought-stressed plants. According to
Abdelaal (2015) application of 1.0 mM SA
enhanced leaf anatomical stricter of faba bean under
drought stress. Moreover, Salama and Yousef (2015)
found that 1.5 ml L™ seaweed extract increased
midvein and lamina thicknesses as well as vascular
bundle size of basil plant. Furthermore, Rodrigues et
al. (2016) reported that PBZ affected only thickness
palisade and spongy parenchyma tissues of Toona
ciliate leaf. Abd EI-Aal and Mohamed (2017) found
a prominent increase in leaf palisade and spongy
tissue thickness of geranium after application of
PBZ at 60 ppm. El-Saadony et al. (2017) reported
that foliar spray of SA at 100 ppm increased all leaf
anatomical characters in different field capacities
(100, 60 and 30 % field capacity) of pea plants. As
reported by Mogazy et al. (2020), foliar spray with
Amphora algae extract at 2 g I increased all
anatomical characters of lupine plants under drought
stress. Similarly, Nassar et al. (2020) found that
application of 1 ml/l seaweed extract increased
thickness of midvein and lamina as well as vascular
bundle length and width of sweet marjoram.

3.3.2.  Anatomy of the main stem

Data in Table (5) and Figure (2) showed that stem
diameter decreased of the untreated plants under
drought stress by 11.4 % less than the control plants.
This reduction was reflected in thickness of cortex,
vascular tissues, xylem and phloem which decreased
by 70.0, 10.6, 3.5 and 15.9%, respectively below
control (80% FC). Although a negligible increase of
2% over the control in pith diameter was observed.
Spraying quinoa with SA, Pac and SE at 40% FC
increased all previously mentioned characters more
than that of the control. On the other hand, the
cortex thickness in control plants is larger than in
treated plants. The highest values of the

aforementioned characters were recorded in the
plants treated with SA at 40% FC. The stem
diameter of SA treated plants increased by 68.6%
more than drought-stressed plants, this increment
could be mainly due to the increase in vascular
tissue thickness which increased by 61.9% more
than those of the control. Meanwhile, the thickness
of xylem and phloem tissue was increased with SA
by 69.4 and 61.9%, respectively over the control
plant. As well as an increment of 35.1% over the
control in pith thickness was observed with SA.

In the same table, results showed that

applied algae extract at 40% FC increased markedly
the diameter of the main stem and the thickness of
cortex, vascular tissues, xylem and phloem
compared with Pac. These increments were 8.8, 7.9,
6.3, 9.9 and 8.6%, respectively more than Pac. As
well as, treated plants with algae increased the
thickness of pith by 4.2% more than Pac.- treated
plants.
The increment of stem histological parameters
resulting from different treatments with SA, PBZ or
algae extract under drought stress were resulting
from the crucial role of the aforementioned
treatments on different physiological processes of
plants. In this concern, SA is important for
regulating photosynthesis and other processes which
enhance plant growth (Abdelaal et al., 2020).
Moreover, PBZ stimulates cytokinins synthesis,
which is important for cell divisions and
enlargement, and improving stem diameter (Tsegaw
et al., 2005). Similarly, the increment of stem
diameter of seaweed treated plants maybe resulting
from the important action of cytokinins in enhancing
cell divisions, and improving the cambium activity
in xylem and phloem that led to form new vascular
bundles, and increase the stem diameter (Marhoon
and Abbas 2015). Similar results were recorded by
Tsegaw et al. (2005) who reported that treatment of
potato with PBZ at a concentration of 67.5 mg/L
increased cortex thickness and pith diameter.

Table 5. Effect of salicylic acid, paclobutrazol and algae extract on stem of quinoa plant under two

water regimes in 2020 season.

Treatments
Histological characters Drouaht + SA Drouaht + Drouaht +
Control Drought 108 ppm PBZ 28 ppm algae 1?nm L?
Stem diameter 9100.2 8060.3 13595.4 11830.0 12870.4
Cortex thickness 500.6 150.0 380.0 380.3 410.5
Vascular tissue thickness  1688.7 1508.9 2444.2 2263.6 2406.2
Xylem tissue thickness 776.7 652.5 1105.1 956.6 1039.0
Phloem tissue thickness 447.3 431.8 699.5 623.4 685.5
Pith thickness 6500.3 6630.0 8960.2 8265.5 8610.3
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Fig. 2. Cross sections through the median portion of the main stem of quinoa plants grown under
drought stress (40% FC), and exogenous application of SA, PBZ, or Algae extract.

A: control (unstressed plants), B:drought stressed plants, C: stressed plants treated with 100 ppm SA, D: stressed

plants treated with 20 ppm PBZ, E: drought stressed plants treated with 1 g L™ algae extract

Furthermore, Abdelaal (2015) found that all
stem histological characters of bean plants were
increased in 1.0 mM SA treated plants under drought
stress. Moreover, Marhoon and Abbas (2015) on
sweet pepper, reported that foliar spray of seaweed
extract at 6 ml. L™ enhanced significantly cortex
thickness compared with control. Similarly, Salama
and Yousef (2015) on basil, found that foliar spray
with 1.5 ml/L seaweed extract increased stem
diameter, as well as thickness of cortex, phloem and
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xylem tissues. Mogazy et al. (2020) reported that
application of 2g I|-1 Amphora algae extract
improved stem histological characters under drought
stress of lupine plants.

3.4.Chemical composition

3.4.1. Mineral elements, total carbohydrate and
crude protein content

Application of salicylic acid, paclobutrazol and
algae extract at 40% FC on percentages of Nitrogen,
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Phosphorus, Potassium, Magnesium and Calcium
total carbohydrates and crude protein of quinoa
seeds were presented in Table (6). Regarding the
drought effects, it’s obvious from Table (6) that
Nitrogen(N),  Phosphorus  (P),  Potassium,
Magnesium and Calcium, total carbohydrates and
crude protein were reduced in drought-stressed
plants compared with control plants. These
decrements were 6.87, 18.18, 7.35, 9.68, 8.57, 12.97,
and 6.85 % less than the control plants, respectively.
The reduction of macroelements in drought-stressed
plants may result from the adverse effects of drought
on plant nutrient absorption and decreasing of
carbon dioxide (Ghazi 2017). In addition, the
reduction of total carbohydrates of seeds under
drought stress may related to the reduction of
enzymes and metabolic activities which reduces the
movement of different nutrients to seeds (Ali et al.,
2010). Moreover, drought stress negatively affects

the activity of photosynthesis, which reduces the
carbohydrate content in mature leaves which leads to
a decrement in of carbohydrate contents of seeds
(Elewa et al., 2017). These results is corroborate
with Al et al. (2010) who reported that kernel sugar
and protein contents were reduced in water-stressed
maize plants. Furthermore, Ali and Ashraf (2011)
reported that exposing maize plant to drought stress
significantly reduced macro-minerals (K, Mg, P, N
and Ca), sugar and protein contents in seed. In
addition, nitrogen, phosphorous, and potassium
contents, as well as the percentages of carbohydrates
and protein were significantly decreased in seeds of
drought-stressed quinoa plants (Elewa et al., 2017).
In contrast, many authors reported that N, K, total
carbohydrates and total soluble protein in shoot
increases under drought conditions (Gupta et al.,
2012; Ouzounidou et al., 2014; Manzoor et al., 2015
and Noreen et al., 2017).

Table 6. Effect of salicylic acid, paclobutrazol and algae extract on some elements content (%), total
carbohydrates (%) and crude protein (%) of quinoa plant under two water regimes in 2020

season.
Total
Treatment N P K Mg Ca carbohydrates Crude
D.W protein
Control (80%FC) 1.31 0.33 0.68 0.31 0.70 47.80 8.18
Drought (40%FC) 1.22 0.27 0.63 0.28 0.64 41.6 7.62
Drought + SA 100 ppm 3.01 0.48 0.76 0.47 0.84 59.50 18.81
Drought + PBZ 20 ppm 1.93 0.39 0.74 0.39 0.72 53.20 12.06
Drought + algae 1 mm L*  2.11 0.43 0.72 0.42 0.73 56.30 13.18

Plants treated with SA, PBZ or algae extract
improved all the aforementioned macro-elements,
total carbohydrates and crude protein under drought
stress conditions. The highest increment in Nitrogen,
Phosphorus, Potassium, Magnesium and Calcium,
total carbohydrates, and crude protein were noted in
drought-stressed plants treated with SA by 146.72,
77.78, 20.63, 67.86, 31.25, 43.03 and 146.85 %
more than those of untreated plants under the same
stress conditions, respectively.

Application of SA, PBZ or Amphora algae
extract has an important effect in minimizing the
adverse effect of drought on plant chemical
constituents. SA is crucial in reducing the
deleterious effect of drought by enhancing the
antioxidant enzyme activity, and nitrate reductase
that leads to an increment in protein synthesis
(Abdallah et al., 2015; Ghazi, 2017). In addition, SA
plays a crucial role in protein formation, increasing
the formation of antioxidant compounds, improves
the activity of nitrate reductase which is important
for protein synthesis (Ghazi, 2017). Moreover, SA
plays an important role as ROS scavenger which is
important in protecting plants during seed filling
stage from oxidative damage induced by drought
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(Ali and Ashraf, 2011). PBZ has a beneficial role in
mitigating drought by increases of photosynthetic
pigment, enhancement the accumulation of
osmolytes, reduces oxidative stress and reducing
lipid peroxidation (Wagas et al., 2017). In addition,
Algae extract is rich with major and minor nutrients,
amino acids and phytohormone which are important
in reducing the harmful effect of drought (El-Sayed
et al., 2015). Similar suggestions were reported by
Agami (2013) on lettuce, found that total soluble
proteins contents were significantly decreased in
drought stressed (60% FC) plants compared with
non-water-stressed plants, application of SA at the
concentration of 10°M significantly improved total
soluble proteins. Moreover, Hajihashemi and
Ehsanpour (2013) reported that carbohydrates
content of Stevia was reduced in drought stressed
plants, while application of PBZ improved it. Zewail
(2014) Reported that application of seaweed extract
at 4 ml/l increased mineral elements N,P,K /Mg, Ca,
total carbohydrate, and crude protein concentrations
in leaves as well as crude protein concentration in
seeds of common bean. Moreover, Nazar et al.
(2015) reported that drought stress reduced N
content in stressed plants compared to control.
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Moreover, the application of 0.5 mM SA increased
N content of mustard plant under both drought
stressed and non-stressed conditions. In addition,
Parvin et al. (2015) reported that protein content of
strawberry increased under the higher levels of
drought stress and PBZ treatments. According to
Boghdady et al. (2016) the highest increment of N,
P, K, Ca, Mg content and crude protein percentage
were achieved by application of seaweed extract at
the concentration of 1 ml/L of chickpea plant. Abd
El-Aal and Mohamed (2017) showed that
application of PBZ at 60 mg/L increased the total
percentages of N, P, K, and total carbohydrates in
leaf of geranium plant. Furthermore, El-Saadony et
al. (2017) reported that N, P, K, protein and total
carbohydrate of seeds of pea plants grown in sandy
soil were significantly decreased under water-deficit
conditions (30% FC), while foliar application of SA
at 100 ppm improved the previous parameters under
drought stress. Ghazi (2017) reported that mineral
content (total nitrogen, phosphorus and potassium
percentages), crude protein, and total carbohydrates
% of Maize leaves were decreased under water
deficit conditions (50% FC), while a foliar spray of
SA enhanced all the aforementioned constituents
under both normal and drought stress conditions.

According to Rao et al. (2021) application of SA at
100 ppm increased significantly K content in leaf of
maize plants under drought stress.

3.4.2. Amino acids Content

Analysis of amino acids in quinoa seeds
detected seven types, these were, Tryptophan,
Leucine, Lysine, Phenylalanine, Histidine,
Methionine and Valine (Table 7). The seeds of
quinoa plant contain high concentration of
Phenylalanine, Leucine and Lysine and low
concentration of Tryptophan. Regarding the drought
stress, the obtained results showed that exposing
plants to drought stress (40% FC) reduced the
concentration of all amino acids compared with
control plants. Meanwhile, foliar spray with SA,
PBZ or algae extract at 40% FC improved the
concentration of all the aforementioned amino acids
compared with the untreated plants under the same
drought conditions. The highest increment was
recorded in SA treated plants at 40% FC, these
increments were 14.4, 18.7, 21.5, 23.3, 35.7, 32.7
and 31.1% for tryptophan, leucine, lysine,
phenylalanine, histidine, methionine and valine,
respectively, over than the untreated drought-
stressed plants.

Table 7. Effect of salicylic acid, paclobutrazol and algae extract on amino acid concentrations of
quinoa seeds under two water regimes in 2020 season.

Treatment Tryptophan Leucine Lysine Phenylalanine Histidine Methionine Valine
Control (80%FC) 10.71 50.13 48.16  55.39 24.09 32.16 35.51
Drought 10.52 48.92 46.05 51.14 22.18 29.41 33.20
Drought + SA 100 12.04 58.07 55.96 63.08 30.11 39.05 43.54
Drought + PBZ20 11.03 52.42 50.82 57.26 25.46 32.88 36.44
Drought + algae 1 11.23 54.65 52.87 59.12 27.01 34.72 38.27

Results are in agreement with Al.Asbahi et
al. (2012) found that amino acids in tomato leaves
showed different responses to drought stress as
follows; valine, leucine, and alanine significantly
reduced, while arginine and lysine were increased,
histidine and serine didn’t change significantly.
According to Boghdady et al. (2016) application of
1 ml/l seaweed extract increased the concentration of
all essential and non-essential amino acid content in
chickpea seeds compared with the control plants.
Moreover, Farhangi-Abriz, and Ghassemi-Golezani
(2016) stated that application of SA increased the
content of different essential amino acid as; leucine,
lysine, methionine and valine contents in soybean
seeds, but it had no significant effect on
phenylalanine. Setia et al. (1996) found that PBZ
improved free amino acid in matured seeds of
Brassica juncea (L.). On the contrary of this study,
Sankar et al. (2014) found that the amino acid
content increased under drought stress, while
application of PBZ (10 mg/l) decreased amino acids
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content compared with drought-stressed plants in the
leaves of peanut plants.

3.4.3. Fatty acids Content

Fatty acids composition of seeds of sprayed
quinoa with salicylic acid, algae extract, and
paclobutrazol at 40% FC are presented in Table (8).
Data showed that drought stress significantly
decreased guinoa seed oil content, (Table 8). In this
concern, Ali et al. (2010) reported that although
drought stress did not change the total saturated and
unsaturated fatty acids of sunflower kernel oil, it
increased oleic/linoleic ratio, the contents of oleic
acid increased, and linoleic acid decreased. In
addition, Ali and Ashraf (2011) found that drought
stress increased the content of oleic and linoleinic
acids while linoleic acid decreased, and had no
significant effect on palmitic and stearic acids.
Rebey et al. (2012) stated that mono and
polyunsaturated fatty acids reduced under moderate
(50% FC) and severe (25% FC) water deficit, while
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the saturated fatty acid (palmitic acid) increased
under water deficit conditions. On the other hand,
treatment with salicylic acid, algae extract and
paclobutrazol has a positive impact on seed oil
content, where, salicylic acid at 100 ppm is the most
efficient treatment. Fatty acids (linolenic, miristic,
palmitic, oleic, linoleic and stearic) were
significantly decreased in drought-stressed quinoa
seeds as compared with control seeds. This
reduction was 17.6% in linolenic, 22.2% in miristic,
8.6% in palmitic, 2.4% in oleic, 2.8% in linoleic
and 19.7% in stearic acid in seeds at 40%. The
highest content of linolenic, miristic, palmitic, oleic,
linoleic and stearic was detected in seeds of quinoa
plants treated with 100 ppm salicylic acid under
drought stress, and recorded 9.4, 0.4, 10.4, 24.7,
51.0 and 0.7%, respectively. In this concemn, Setia et
al. (1996) on Brassica juncea, reported that

pacolobutrazol enhanced the seed oil content.
Moreover, Jadhav et al. (2013) reported that
application of SA at 100 ppm enhanced linoleic acid
contents, while the application of SA at a
concentration of 5 ppm reduced palmitic acid and
stearic acids contents of groundnut seeds. Khani
Basiri et al. (2017) found that application of SA at
0.2 gI'* was effective in increasing the content of
unsaturated fatty acids (Linoleic and oleic acids),
and decreasing the content of unsaturated fatty acids
(palmitic and stearic acids) and improved the quality
of the kernels of sunflower. Seleem and Taha (2019)
found that foliar spray of SA at 100 mg I'* increased
the content of unsaturated fatty acids (oleic, linoleic
and linolenic acids), and decreased the content of
saturated fatty acids (lauric, palmitic and stearic
acids) of sunflower seeds.

Table 8. Effect of salicylic acid, algae extract and paclobutrazol on fatty acid concentrations (%) of
guinoa seeds under two water regimes in 2020 season.

Treatment Linolenic  Miristic Palmitic Oleic Linoleic Stearic
Control (80%FC) 4.61 0.11 9.07 20.09 46.11 0.73
Drought (40%FC) 3.92 0.09 8.35 19.61 44.84 0.61
Drought + SA 100 ppm 9.47 0.40 10.42 24.77 51.06 0.79
Drought + PBZ20 ppm 5.83 0.22 9.46 21.39 47.03 0.76
Drought + algae 1mm L 752 0.31 9.52 22.05 49.18 0.84
4, CONCLUSION geranium (Pelargonium zonal L.)
plant. International Journal of Plant & Soil

Based on our findings mentioned above, it could
be concluded that treatment with salicylic acid,
paclobutrazol and algae extract proved a significant
increase in morphological and yield parameters of
guinoa plant compared with untreated plants under
drought stress conditions. Application of salicylic
acid at 80% of FC had the highest values for
morphological, yield and anatomical characters. All
measured chemical composition in seeds such as
percentages of nitrogen, phosphor, magnesium and
calcium besides iron, manganese, zinc and copper
were positively affected by salicylic acid at 40% of
FC. In this investigation spraying plants with
salicylic acid under water deficit treatment
demonstrates its significant importance for total
carbohydrates, crude protein, amino and fatty acids
compared with untreated plants.
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