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Abstract. Baday SJS, Al-Jubori MT, Salih MI. 2025. In vitro responses of two barley varieties to Moringa extract and growth regulators
under drought stress. Asian J Agric 9: 358-367. The world has recently turned to find alternatives to plant growth regulators, especially
materials used in plant tissue culture, as they are the main pillar in establishing tissue cultures and participate in all stages of agriculture.
Plant extracts from (seeds or leaves) are most important that can encourage growth, as they contain many active compounds that may
compensate for hormones and increase the plant's resistance to drought. Moringa extract contains phenols, ascorbic acid, in addition to
growth-promoting hormones (auxins, gibberellins and cytokinins), and abscisic acid, and the activities of the antioxidant enzymes
(catalase, peroxidase, and superoxide dismutase). In the research, barley embryos were grown in the Murashige and Skoog (MS) culture
media containing of Moringa leaf extract with (0, 1.5, 3 and 4.5 mL L), versus kinetin (Kin) treatments at 0, 1, 2 and 3 mg L and
indole acetic acid (IAA) at 0.5 mg L then, plantlets that achieved highest average number of shoots, total chlorophyll and dry weight
were transferred to the culture media containing Poly Ethelene Glycol (PEG) at 0, 2, 4 and 6 g L™ and the work was performed from a
fully Complete Randomized Design (CRD), the sample size on which the analysis was conducted was 160 samples resulting from the
use of two varieties of barley, 4 concentrations of Moringa extract, 4 concentrations of Kin, and 5 replications. The results estimated that
the highest average number of the vegetative shoots formed was 16.8 shoots plant, the total amount of chlorophyll was 323.4 mg g%,
and the dry weight of vegetative shoots was 88.9 mg in concentration 3 of Moringa and Kin extract in the Buhuth244 variety. The
average plant relative growth rate was 49.2 mg day, and the average plant growth rate was 56.1 mg day* in Buhuth244, and 3 mL L
of Moringa extract and 4 of PEG. The examination, diagnosis, and estimation of the active compounds in the Moringa leaf methanolic
extract was identified by Gas Chromatography with Mass Spectrometer unit (GC-MS). These extracts can serve as useful antioxidant
materials. This study has concluded that Moringa extract can be used as an alternative to synthetic plant hormones due to its effect on
improving vegetative growth characteristics.
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INTRODUCTION

Barley, or Hordeum vulgare L., enhances a chromosome
count of (2n = 28). It has proudly belonged to the diverse
Poaceae family (Attia et al. 2023). This noteworthy cereal
plant displays grains that are not just staples but are packed
with protein, carbohydrates, calcium, phosphorus, and vitamin
B. It's cultivated in an increase of environments and stands
tall as the world's fourth-largest cereal crop, following in
the footsteps of wheat, rice, and corn (Geng et al. 2021).
Historically, barley played an important role, decorating our
tables in the form of traditional breads, hearty soups, and
even healthcare products. Nowadays, its primary role has
shifted where it serves mainly as animal feed and is a
cornerstone of the industry of alcoholic drinks, particularly
in making rich, flavorful beers (Lukinac and Juki¢ 2022).
Yet, the ghost of climate change appears large, troubling
agricultural landscapes and intensifying the pressures on
farming rules.

As these urban areas of cultivation wrestle with the
ongoing impacts of the change of climate, all the time,
abiotic stresses such as fluctuation of light, drought, and

extreme temperatures always threaten to impose limits on
agricultural productivity (Ashraf and Foolad 2007).
Alarmingly, the above challenges could result in a
confusing reduction in crop Yyields, potentially slicing
product by as much as 50% (Vinocur and Altman 2005).

In the intricate world of plant biology, researchers (Qin
et al. 2011; Vianna and Sentelhas 2014; Voss-Fels and
Snowdon 2016) have concentrated themselves in the
attracting world of how plants react to drought and stress.
At the microscopic level, these green wonders undergo
amazing changes transformations that involved alterations
in pigment levels, especially chlorophyll, as ensured by Cha-
Um et al. (2012) and Banerjee and Roychoudhury (2019).
Plants also searched for these challenges with noteworthy
skill, making critical osmotic modifications an essential
survival tactic that de Melo-Abreu and Ribeiro (2010) and
Patade et al. (2011) have discussed.

Moreover, in the face of stress, they don’t pause to
quickly close their stomata, a fascinating response analyzed
as discussed by Van Heerden et al. (2004), straight with the
insights shared by de Almeida Silva et al. (2013) and Zhao
et al. (2013). These insights offer just a glimpse into the
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intricate dance between plants and the often harsh
environments they face. Yuniati et al. (2022) reported that
Moringa extract contains important organic compounds,
minerals and hormones. The results showed El-Lethy et al.
(2024) that the addition of Moringa leaf extract significantly
improved callus formation and shoot regeneration in wheat, as
effect was attributed to the presence of natural cytokinin
(zeatin), known for its role in stimulating cell division and
regulating the balance between auxin and cytokinin in
cultured tissues. Bakry et al. (2021) show that a 20%
Moringa leaf extract are effective than 10 and 30%, it
caused the highest increases in studied growth,
biochemical, and parameters of yield in the two tested flax
varieties.

Yap et al. (2021) proved that the increase in contents of
silybin was escort by the ascending order of the chalcone
synthase 1 and 3 genes, that have been involved in the silybin
synthesis when add extract of Moringa oleifera leaf work
in the enhancement of growth, yield, and content of silybin
while relieving salt-induction reverse effects on the Silybum
marianum growth. Plant growth regulators play a crucial
role in plant tissue culture, as they enhance cell division
and elongation, thereby improving the properties of vegetative
growth (Nasrallah et al. 2015). This, in turn, affects yield,
and all stages of tissue culture depend on them (Jha et al.
2020). Plant regulators are characterized by their high prices,
as they are all imported and not manufactured locally. This
necessitates the need to find cheaper alternatives that are
locally available (Toma 2022) and to enhance the characteristics
of vegetative growth and drought resistance (Baday and
Hamza 2024).

The hormonal modulation for stress response hypothesis
suggests the phytohormones within Moringa extract,
particularly cytokinins, can fine-tune the plant's
physiological response to water scarcity. This may involve
optimizing stomatal regulation (controlling water vapor
release) and delaying leaf senescence (aging), allowing the
plant to sustain photosynthetic activity for longer periods
under challenging conditions. In essence, Moringa extract
is hypothesized to be a holistic biostimulant, arming plants
with a powerful blend of growth promoters, vital nutrients,
and stress-adaptive compounds that enable them to thrive
even when faced with limited water resources. The research
aims to enhance vegetative growth characteristics and increase
drought tolerance by supplementing the plant hormones
Kin and IAA with Moringa leaf extract.

MATERIALS AND METHODS

An experiment was performed in the laboratory of plant
tissue culture at the College of Agricultural Engineering
Sciences, Baghdad University, Baghdad, Irag. The variables
were conducted 160 samples resulting from the use of two
varieties of barley, 4 concentrations of Moringa extract, 4
concentrations of Kin, and 5 replications.

Varieties
Seeds Buhuth244 a registered and approved variety in
2010 (Database of Agricultural Varieties and Hybrids 2022),
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and 1ba99, a registered and approved variety in 1999
(Database of Agricultural Varieties and Hybrids 2022),
were sterilized using mercuric chloride at 1 g L for 10
minutes, as described by Sawant et al. (2021).

Preparation of media
MS media (Murashige and Skoog 1962) was used as a
culture media at 121°C for 15 minutes.

Preparation for Moringa extract

The dried Moringa leaves were ground, 100 g of
powder was weighed, and 1000 mL of methanol was added
to it. It was left to soak for 2 hours to allow the active
ingredients to be extracted. The mixture was filtered, and the
filtrate was then collected and concentrated using rotary
evaporator, where it was left until the volume reached 100
mL. The extract was filtered using Whatman No. 1 filter
paper, the pH of nutrient medium was adjusted to be 5.8
before adding the extract and sterilizing the entire medium.
The extract was sterilized by filtration through 0.22 uM
membrane filters after heat sterilization of the basic medium
to preserve heat-sensitive compounds. Barley embryos were
planted in the media containing the methanolic extract of
Moringa leaves at 0, 1.5, 3, and 4.5 mL L* (El-Lethy et al.
2024), and plant growth regulators Kin at 0, 1, 2 and 3 mg
L and IAA at 0.5 mg L* (Al-Jubori and Al-Amery 2022).

Measurement of chlorophyll

Then the plantlets that achieved the highest average
shoots number and the total chlorophyll, which were measured
according to (Dere et al. 1998) using 15 mL of acetone
with a quarter gram of the paper sample, the filtrate was
separated from the precipitate through filter paper, one mL
of the filtrate was taken. The volume was completed to 15
mL by adding acetone. Then the reading was taken with a
spectrophotometer at wavelengths of 642.5 and 660 nm
based on the following equation: T.chl = {(7.12 *A 660) +
(16.8 * A 642.5)} * {(v/ w)} * 100}, and the dry weight,
which was measured according to (Ikram et al. 2014) the
growths were extracted from the bottles in which they were
planted, placed on filter paper. The remnants of the culture
medium were removed using a surgical blade.

Measurement of dry weight

The dry weight of the growths was calculated, and then
the growths were dried using an electric oven at 70°C, until
the weight was constant.

PEG treatment

Which was 3 mL L of Moringa leaf extract, and 3 mg
L of Kin for the nutrient media containing PEG at 0, 2, 4,
and 6 g L't and the cultures were incubated at of 25 + 2°C,
and at light intensity of 1000 lux for 16 hours of lighting
and 8 hours of darkness (Al-Jubori and Al-Shamari 2025).
Observations were taken after four weeks of cultivation,
and then the stages of including rooting and acclimatization,
were carried out using the plant tissue culture method
(Baday 2020).
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Measurement of PRGR and PGR

The physiological characteristics were measured as the
average relative growth as described by Farshadfar et al.
(2014), using the plant relative growth rate (PRGR) formula:
PRGR = [(W2-W1)]/W1, where W1 and W2 represent the
initial weight of the plant before and after four weeks,
respectively. The average plant growth rate (PGR) (mm/day)
of cultured embryos on MS media was measured at 7, 14,
21, and 28 days after transferring the plant to the media.

GC-MS analysis

The active compounds in Moringa leaf extract were
separated, characterized and quantified using GC-MS before
being added to the nutrient media. Preparation of the Moringa
leaf methanolic extract and analysis by GC-MS were carried
out according to Al-Taweel et al. (2019) and Bhalla et al.
(2021). The analysis was performed using a GC-MS-TQ8050
NX gas chromatograph mass spectrometer from Shimadzu.

Data analysis

Data analysis was performed using a factorial experiment
design with a Complete Randomized Design (CRD) and
five replications for each treatment, concentration, and
variety across all experiments. The averages were analyzed
using Least Significant Difference (LSD) test at 0.05
probability level, as implemented in the Genestat 2007
program (Lamidi et al. 2024).

RESULTS AND DISCUSSION

Effect of Moringa extract and Kin on the number of
vegetative shoots

Tables 1-2 and Figure 1 shows the two barley varieties,
where Buhuth244 exhibited the highest average number of
shoots of 9.9 shoot plant?, while 1ha99 exhibited a lower
average number of shoots of 6.5 shoot plant?. The Moringa
leaf extract shows that 3 mL L? indicated the highest

average number of shoots plant?, up to 11.9 shoots plant?,
because Moringa extract contains many active compounds, as
shown in Table 9 and Figure 4. In contrast, the comparison
treatment showed a lower average number of vegetative
shoots, up to 5.6 shoots plant™. The 3 mg L of Kin was
the dominant treatment because it yielded the highest number
of vegetative shoots, approximately 12.3 shoots plant™, and
the lowest average number of vegetative shoots in comparison
to the other treatments, which was 7.4 shoots plant™. The
interaction between the varieties and the concentrations of
Moringa leaf extract was noted where Buhuth244 at the of
3 mL L gave the highest number of vegetative shoots of
12.8 shoot plant?, but the lowest number of vegetative
shoots was 3.2 shoot plant™ was obtained with 1ba99 at 0
mL L. For the interaction between the varieties and Kin
concentrations, Buhuth244 at 3 mg L showed a high number
of vegetative shoots at 13.5 shoots plant?, and 1ba99 at 0
mg L yielded a lower number of vegetative shoots at 5.7
shoots plant®. The interaction between Moringa leaf
extract concentrations and Kin concentrations, the highest
number of vegetative shoots was recorded at 3 mL L of
Moringa leaf extract and the 3 mg L of Kin, which
measured to 15.3 shoot plant?, but Moringa leaf extract
and Kin obtained the lowest number of vegetative shoots,
which was 3.9 shoot plant®. From the data, a note that the
presence of high differences between the varieties, Moringa
leaf extract and Kin, as Buhuth244 performed at the 3 mL
L of Moringa extract and the of 3 mg L* of Kin, and gave
highest the number of vegetative shoots, which reached to
16.8 shoot plant?, the reason for the superiority of the
Moringa extract concentrations in both fresh and dry weights
by comparing to the comparison treatment may be due to
the fact that this extract contains active substances and
compounds such as vitamins and antioxidants that improve
plant growth (Al-Jubori et al. 2023), while the 1ba99 showed
the lowest average number of vegetative shoots at the 0 mL
L of Moringa leaf extract and Kin, it was reached to 3.0
shoot plant™ as shown in Figures 3.A and 3.B.

Table 1. The effect of Moringa leaves extract and Kin on the number of vegetative shoots plant

Moringa extract conc.

Varieties Kin conc. 0 15 3 G Varieties average x Kin conc.
1ba99 0 3.0 4.6 8.0 7.0 5.7
1 3.8 5.4 9.6 8.6 6.9
2 4.4 7.6 10.0 9.8 8.0
3 5.4 8.6 11.8 10.4 9.1
Buhuth244 0 4.8 5.8 9.6 8.9 7.3
1 6.8 8.6 13.0 104 9.7
2 7.4 9.4 14.8 13.6 11.3
3 9.0 12.6 16.8 15.4 135
LSDO0.05 13.8 8.9
Varieties Moringa extract x Varieties Varieties average
1ba99 3.2 5.1 9.1 8.5 6.5
Buhuth244 7.3 8.1 12.8 11.5 9.9
LSDO0.05 8.9 3.1
Kin Conc. Moringa extract x Kin Kin average
0 3. 5.8 10.3 9.7 7.4
1 5.8 7.0 11.8 10.6 8.8
2 6.9 8.0 13.4 12.2 10.1
3 7.2 11.6 15.3 14.9 12.3
LSDO0.05 11.4 4.2
Average of Moringa extract 5.6 7.7 11.9 10.8 10.0
LSDO0.05 4.2
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Effect of Moringa extract and Kin on the total
chlorophyll content

Tables 3 and 4 indicates that there are clear differences
between the two barley varieties, as the Buhuth244
achieved the highest total chlorophyll content of 255.1 mg
g, while the 1ba99 achieved a lower total chlorophyll
content of 181.0 mg g*. The Moringa leaf extract indicated
that the 3 mL L? concentration was clearly high and
exhibited the highest total chlorophyll amount, reaching
262.2 mg g. At the same time, the comparison treatment
recorded a lower average total chlorophyll amount,
reaching 198.2 mg g. The 3 mg L* Kin treatment was the
most dominant, as it showed the highest amount of
chlorophyll, at 263.8 mg g?, while the lowest amount of
chlorophyll in comparison to the other treatments was
242.3 mg g*. The interaction between the varieties and
Moringa leaf extract was significant where Buhuth244 at 3
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Figure 1. The effect of Moringa leaves extract and Kin on the
number of vegetative shoots plant™

Table 2. Analysis of variance

mL LT yielded a high chlorophyll amount of 266.8 mg g%, _Sourceofvariation  df  ss. ms.  vr.  Fpr.
and the lowest chlorophyll amount of 157.4 mg g* was  Varieties 1 6123 6123 8063 <. 001
achieved with 1ba99 at 0 mL L. While the interaction ~ Moringa. con. 3 18l7 606 9.7 <001
between the varieties and Kin, the Buhuth244 at the 3 mg ~ Kin.con. 3 10152 3384 4456 <001
L showed a high chlorophyll amount of 290.9 mg g, and \C/g;'et'es' Moringa. 3 608 203 268 <.001
the 1ba99 at the ? mg L'_1 gave a lower chlorophyl.l amount  \/4ieties. Kin con. 3 63.9 213 281 < 001
of 159.3 mg g~ The interaction between Moringa leaf  oringa. con. Kin 9 50.9 57 75 < .001
extract and Kin yielded the highest chlorophyll amountat3  ¢on.
mL L? of Moringa leaf extract and 3 mg L of Kin, which  Varieties Moringa 9 10.7 12 16 0.134
was 312.6 mg g*. However, the combination of Moringa  con. Kin con.
leaf extract and Kin exhibited the lowest chlorophyll  Residual 128 972 0.76
amount, at 195.2 mg g. From the data, the presence of ~ Total 159 20927
significant differences between the varieties, Moringa leaf Stfratum standard errors and coefﬂmeopts of variation
extract and Kin, as the Buhuth244 outperformed at the 3 1'2'8 OSlE; (1:\18
mL L of Moringa leaf extract and the 3 mg L of Kin, ' '
and gave highest total chlorophyll amount 323.4 mg g*,
while the Iba99 recorded the lowest total chlorophyll
amount at the 0 mL L* of Moringa leaf extract and Kin.
That reached 157.2 mg g~
Table 3. Effect of Moringa extract and Kin on the total chlorophyll content mg g,
Varieties Kin conc Moringa extract concentrations Varieties average x
) 0 1.5 3 4.5 Kin conc.
0 157.2 159.8 161.4 158.6 159.3
1bag99 1 1574 166.8 187.2 182.0 173.4
2 158.2 168.4 199.4 189.2 178.8
3 158.8 196.4 301.8 211.6 217.2
0 233.2 235.8 238.6 236.4 236.0
1 239.4 245.6 286.6 255.2 256.7
Buhuth244 2 2410 262.4 298.6 286.2 272.1
3 2442 287.4 3234 308.6 290.9
LSDo.0s 166.2 131.6
Varieties Moringa extract x Varieties Varieties average
1ba99 1574 172.4 2125 181.6 181.0
Buhuth244 235.7 256.3 266.8 261.6 255.1
LSDo.0s 131.6 56.6
Kin conc. Moringa extract x Kin Kin average
0 195.2 196.8 289.6 287.5 242.3
1 197.9 203.2 292.9 291.6 246.4
2 199.1 2154 299 295.7 252.3
3 200.1 241.9 312.6 300.6 263.8
LSDo.0s 142.7 63.4
Average of Moringa extract 198.2 214.9 262.2 246.2 2304
LSDo.0s 63.4
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Table 4. Analysis of variance
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Source of variation d.f. S.S. m.s. V.T. F pr.
Varieties 1 266700.0 266700.0 375900.0 <.001
Moringa. con. 3 62350.0 20780.0 29295.8 <.001
Kin. con. 3 59630.0 19880.0 28019.2 <.001
Varieties. Moringa. Con. 3 2494.0 831.3 1171.9 <.001
Varieties. Kin con. 3 1395.0 465.1 655.6 <.001
Moringa. con. Kin con. 9 35260.0 3917.0 5522.2 <.001
Varieties Moringa con. Kin con. 9 12520.0 1391.0 1960.9 <.001
Residual 128 90.8 0.71

Total 159 440400.0

Stratum standard errors and coefficients of variation

d.f. s.e. cv%

128 0.84 8.2

Effect of Moringa extract and Kin on the dry weight of
shoots

Tables 5 and 6 indicates the barley, as the Buhuth244
achieved the highest average dry weight of shoots, reaching
74.4 mg, while the 1ba99 achieved a lower average dry
weight of shoots, reaching 53.5 mg. Moringa leaf extract
showed that the 3 mL L was significant and recorded the
highest dry weight of shoots, 70.0 mg, while the comparison
treatment recorded the lowest dry weight of shoots 58.7
mg. Using Kin at 3 mg L predominated, because it gave
the highest dry weight of shoots, compared to 73.1 mg, and
recorded the least normal dry weight of shoots within the
comparison treatment which was 59.2 mg. The interaction
between the varieties and Moringa leaf extract was critical
for Buhuth244, at a concentration of 3 mL L7, the highest
dry weight of the shoots was 79.8 mg, while the lowest dry
weight of the shoots was 46.3 mg, which was recorded with
Iba99 at the same concentration. The interaction between the
varieties and Kin, the Buhuth244 as observed at the 3 mg
L exhibited the highest dry weight of the shoots at 80.4
mg, while the 1bad9 at the 0 mg L™ of Kin gave the lowest
dry weight of the shoots at 47.2 mg. At the same time, the
interaction between Moringa leaf extract and Kin, the
highest dry weight of shoots was achieved at 3 mL L* of
Moringa leaf extract and 3 mg L of Kin, which was 89.7
mg, while at 0 mL L of Moringa extract and Kin, the
lowest dry weight of shoots was 58.1 mg. The data, revealed
that there are significant differences between the varieties
and Moringa leaf extract and Kin, where Buhuth244
exceed at 3 mL L of Moringa leaf extract and 3 mg L of
Kin, and gave the highest dry weight of shoots, which was
88.9 mg, while the 1ba99 recorded at a concentration of 0
mL L* of Moringa leaf extract and Kin, lowest dry weight
of shoots, which was 45.8 mg.

Effect of PEG in plantlets that achieved the highest
number of shoots, total chlorophyll and dry weight
treated with Moringa extract and Kin on plant relative
growth rate

Table 7 shows significant differences between the two
grain varieties, where Buhuth244 exceeded at 3 mL L of
Moringa extract and was dominated with plant relative
growth rate and gave of 40.2 mg day* compared to 1ba99,
at 3 mg L of Kin, which gave a lower plant relative growth

rate of 32.8 mg day’ (Baday 2020). The effect of PEG on
the relative plant growth rate is presented in Table 7, which
reveals significant differences caused by PEG. The highest
plant relative growth rate of 43.1 mg day™ was achieved at
43.1 mg day* was achieved at a PEG concentration of 1 to
4 g L In comparison plant relative growth rate lowered to
26.6 mg day! when the PEG increased to 6 g L this is
because of the decreasing of plant relative growth rate may
be attributed to the lowering in the efficiency of photosynthesis
due to drought due to the addition of PEG, that causes
lowering in photosynthesis necessary for carbohydrates and
proteins building (Khierallah and Jawad 2017; Yavas et al.
2024). Additionally, Table 7 shows the interaction between
the varieties and PEG refers to significant differences where
the lowest plant relative growth rate was achieved in 1ba99
at 3 mg L* of Kin, was 24.4 mg day* at 6 g L of PEG, but
the highest plant relative growth rate was appeared with
Buhuth244 at 3 mL L of Moringa extract was 49.2 mg
day?! at 4 g L of PEG, which may be attributed to the
nature of these cells to the stress surrounding the living
body, and the use of plasticity process that DNA has in the
cells of plant to form genetic structures that are more
resistant to stress conditions (Zhao 2020) as shown in
Figures 3.C and 3.D.

Effect of PEG on plantlets that achieved the highest
number of shoots, total chlorophyll and dry weight
treated with Moringa extract and Kin on plant growth
rate

Table 8 and Figure 2 shows significant differences between
the barley, as the Buhuth244 with a 3 mL L of Moringa
extract was significantly superior in plant growth rate and
yielded of 46.6 mg day’ compared to the 10a99 with a 3
mg L of Kin, which gave a lower plant growth rate of
36.3 mg day, this may be attributed to the adaptive nature
of these cells to the stress conditions they are exposed to
outside the living body, and the exploitation of the plasticity
process that DNA possesses in plant cells to create genetic
structures that are more tolerant to stress conditions. As for
the effect of PEG on plant growth rate, the results showed
significant differences between PEG treatments, with the
highest plant growth rate of 47.9 mg day® achieved at a
PEG concentration of 1 to 4 g L. In contrast, the plant
growth rate decreased to 30.7 mg day' when the PEG
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concentration was increased to 6 g L. That the interaction
between the varieties and PEG indicates that the lowest
plant growth rate was recorded in 1ba99 at a 3 mg L?
concentration of Kin, reaching 26.4 mg day* ata 6 g L*
concentration of PEG (Hadi et al. 2019). The decrease in
the plant growth rate at high of PEG cell division and
cytoplasmic volume decrease, loss of cell turgor, and
nutritional imbalance due to a decrease in water and nutrient
absorption, an increase in electrical potential, and a
decrease in cellular water content with increasing stress, or
perhaps the increase in stress causes physical damage to the
carbon metabolism mechanism as a result of exposure to
continuous stress, or perhaps it is attributed to the fact that
the cytoplasmic content of the plant cell becomes denser
(Ikram et al. 2014), and its volume decreases when the cell
is deficient in water, the decrease in dry weight may be
attributed to the decreased efficiency of photosynthesis due
to drought stress resulting from the addition of PEG, which
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causes a decrease in photosynthetic products necessary for
the construction of carbohydrates and proteins (Hamza and
Ali 2017; Hu et al. 2023), while the highest plant growth
rate was achieved in the Buhuth244 at 3 mL L™ of Moringa
extract, reaching 56.1 mg day! at 4 g L PEG, this result
reflects the effectiveness of Moringa leaf extract in
improving the tolerance of varieties to drought stress as
shown in Figures 3.E and 3.F. The decrease in the average
fresh weight of calli at high concentrations of mannitol
may be attributed to decreased cell division, reduced
cytoplasmic volume, loss of cell turgor, and nutritional
imbalance due to decreased water absorption and nutrients,
an increase in electrical potential, and a decrease in the
cellular water content with increasing stress, or perhaps the
increase in stress causes physical damage to the carbon
metabolism mechanism as a result of exposure to
continuous stress, or perhaps it is.

Table 5. Effect of Moringa extract and Kin on the dry weight of shoots mg

Moringa extract concentrations

Varieties Kin conc. 0 15 3 45 Varieties average x Kin conc.
0 45.8 46.3 49.3 47.5 47.2
1bag9 1 46.4 50.3 56.8 54.3 52
2 46.8 50.4 57.9 55.5 52.7
3 47.2 52.4 60.6 59.4 54.9
0 70.3 70.7 72 714 71.1
1 70.8 70.9 84.5 72.6 74.7
Buhuth244 2 713 728 869 76.2 76.8
3 725 77.7 88.9 82.4 80.4
LSDo.0s 432 334
Varieties Moringa extract x Varieties Varieties average
1ba99 46.3 49.8 63.6 54.2 53.5
Buhuth244 70.6 73 79.8 74.1 74.4
LSDo.os 334 203
Kin conc. Moringa extract x Kin Kin average
0 58.1 58.6 60.6 59.4 59.2
1 58.4 60.6 66.6 63.4 62.3
2 58.6 61.6 75.9 73.8 67.5
3 58.8 65.1 89.7 78.9 73.1
LSDo.0s 36.2 24.5
Average of Moringa extract 58.7 61.4 70.9 65.93
LSDo.0s 24.5
Table 6. Analysis of variance
Source of variation d.f. S.S. m.s. V.T. F pr.
Varieties 1 20983.3 20983.3 34837.9 <.001
Moringa. con. 3 4136.3 1378.8 2289.1 <.001
Kin. con. 3 4431.8 1477.3 2452.6 <.001
Varieties. Moringa. Con. 3 37.8 12.6 20.9 <.001
Varieties. Kin con. 3 730.2 2434 404.1 <.001
Moringa. con. Kin con. 9 3122.7 346.9 576.1 <.001
Varieties Moringa con. Kin con. 9 1845.6 205.1 340.5 <.001
Residual 128 77.1 0.6
Total 159 35364.8
Stratum standard errors and coefficients of variation
d.f. s.e. cv%
128 0.78 1.2
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Figure 2. Effect of PEG in plantlets that achieved the highest
number of shoots, total chlorophyll and dry weight treated with
Moringa extract and Kin on plant growth rate mg day*

Table 7. Effect of PEG in plantlets that achieved the highest
number of shoots, total chlorophyll and dry weight treated with
Moringa extract and Kin on plant relative growth rate mg day*

Varieties

PEG Conc. 1 2 3 4 Average
0.0 39.5 36.2 37.4 33.7 36.7
2.0 42.3 38.2 40.6 35.6 39.2
4.0 49.2 39.5 46.3 37.5 43.1
6.0 29.9 25.9 26.2 24.4 26.6
LSD0.05 25.3 17.1
Average 40.2 35.0 37.6 32.8

LSD0.05 8.5

Stratum standard errors and coefficients of variation

d.f. s.e. cv%

64 1.04 13.2

Note: 1. Buhuth244 treated 3 mL L* of Moringa extract, 2.
Buhuth244 treated 3 mg L* of Kin, 3. 1ba99 treated 3 mL L? of
Moringa extract, 4. 1ba99 treated 3 mg L™ of Kin

Table 8. Effect of PEG in plantlets that achieved the highest
number of shoots, total chlorophyll and dry weight treated with
Moringa extract and Kin on plant growth rate mg day*

Varieties

PEG Conc. 1 2 3 4 Average
0.0 44.4 40.5 43.4 38.7 41.8
2.0 50.2 42.3 45.6 39.6 44.4
4.0 56.1 43.6 51.3 40.5 47.9
6.0 35.7 29.3 31.2 26.4 30.7
LSDO0.05 30.2 17.8
Average 46.6 38.9 42.9 36.3

LSDO0.05 11.3

Stratum standard errors and coefficients of variation

d.f. s.e. cv%

64 0.94 12.1

Note: 1. Buhuth244 treated 3 mL L of Moringa extract, 2. Buhuth244
treated 3 mg L* of Kin, 3. 1ba99 treated 3 mL L of Moringa extract,
4. Iba99 treated 3 mg L* of Kin

Moringa oleifera extract is a valuable natural extract
used to enhance the vegetative growth of plants. Its composition
is rich in many bioactive materials. These materials enhance
physiological processes that lead to useful growth of leaves,
stems and the vegetative parts. Moringa extract contains
natural plant hormones, such as cytokinins, which stimulate
cell division and differentiation, leading to an increase in
leaf size. They also contribute to delaying the aging of
leaves, thereby preserving their photosynthetic activity.
Moringa oleifera extract contains auxins, which play a vital
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role in cell elongation for the growth of stems and roots.
Moringa oleifera extract can serve to increase the plant's total
biomass. Gibberellins can elongate stems and expand the
area of plant leaves, so increasing the photosynthesis efficiency.
Moringa extract contains two powerful antioxidants like
carotenoids and flavonoids. These compounds help the plant
resist environmental stresses (such as drought, heat, and
salinity) by reducing the damaging effects of free radicals.
When a plant is less stressed, it can direct more of its energy
toward vegetative growth. This means the plant becomes
more efficient at converting light energy into chemical energy,
which supports stronger and faster vegetative growth.

Moringa leaf extracts promote the accumulation of
compatible solutes, or osmolytes, such as proline, soluble
sugars, and glycine betaine. These osmolytes help maintain
cell turgor and water potential under osmotic stress, preventing
water loss and protecting cellular structures, particularly
membranes and proteins. This allows the plant to continue
essential metabolic processes despite reduced water availability.

Moringa leaf extracts are rich in natural plant growth
regulators, particularly cytokinins (e.g., zeatin), auxins,
gibberellins, and salicylic acid. Under drought, the balance
of these hormones is disrupted. Moringa leaf extracts
application can re-establish a favorable hormonal balance,
promoting root growth (for better water uptake), delaying
senescence, enhancing photosynthetic efficiency, and
improving stomatal regulation. For instance, increased
cytokinin levels can delay leaf senescence and maintain
photosynthetic activity under stress.

Figure 3. A. Buhuth244 is treated with Moringa leaf extract at
concentrations of 0, 1.5, 3, and 4.5 mL L, from right to left, as
shown in. B. Buhuth244 is treated with Kin at 0, 1, 2, and 3 mg L-
! from right to left, as shown in. C. Buhuth244 resulting from a
4.5 mg L of Kin treated with 4 g L PEG. D, E. Buhuth244 and
Iba99 respectively resulting from 3 mL L of Moringa extract
treated with 4 g L* of PEG, as shown in F. Tissue culture
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Enhance water use efficiency by improving
osmoregulation and root development, Moringa leaf
extracts allow plants to extract and utilize limited water
resources more effectively. This reduces the water footprint
of crops, crucial in water-stressed ecosystems. Boost
nutrient cycling while direct studies on Moringa leaf
extracts long-term impact on soil microbial communities
are ongoing. Its organic nature and nutrient content suggest
it could contribute to healthier soil microbiomes, fostering
natural nutrient cycling and reducing the need for synthetic
fertilizers that can lead to runoff and water pollution.

Increasing biomass production improved growth under
stress means higher biomass accumulation. This can lead to
greater carbon sequestration in agricultural lands and
potentially richer organic matter in the soil, benefiting
overall ecosystem health. Support biodiversity (indirectly)
by enhancing crop resilience and yield, Moringa leaf extracts
can reduce pressure to expand agriculture into pristine
natural habitats, thereby helping conserve biodiversity.
Furthermore, as a natural product, it avoids the negative
impacts of chemical pesticides and fertilizers on non-target
organisms. Numerous studies worldwide, across diverse
crops (e.g., wheat, maize, mung bean, chili pepper, lettuce,
tomato), have consistently reported improved germination,
seedling vigor, plant height, leaf area, chlorophyll content,
biomass, and ultimately, yield under both normal and
abiotic stress (drought, salinity, heat) conditions. This global
consistency strengthens the validity of the hypotheses
regarding phytohormone, nutrient, and antioxidant roles.

GC-MS analysis
Retention Time (RT) and compound identification

The RT values span a range from 1.80 to 49.57. This
wide range suggests the presence of compounds with varying
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volatilities and interactions with the chromatographic column.
Compounds with lower RT (e.g., 1.80 for 1,3-Dihydroxy
acetone (dimer)) elute earlier, indicating they are more
volatile or have less affinity for the column. Compounds
with higher RT (e.g., 49.57 for Ethene, ethoxy-) elute later,
suggesting they are less volatile or have a stronger affinity
for the column. The ID column provides the chemical identity
of each peak, which is essential for understanding the sample's
composition.

Peak area % and relative abundance

The peak area % values indicate the relative amount of
each compound in the sample. A higher Peak Area % suggests
a relatively higher concentration of that compound. For
instance, the compound with the highest peak area % is
Pyran-4-one-2,3-dihydro-3,5-dihydroxy-6-methyl, with 8.56%.
Compounds with low peak area % are present in smaller
amounts.

Molecular weight

The molecular weight values significantly increase, ranging
from 72 g/mol (Ethene, ethoxy-) to 343 g/mol (Tetra acetyl-d-
xylonic nitrile). This variation indicates the presence of
compounds with different sizes and complexities. There's
no immediately obvious correlation between molecular weight
and RT, although some general trends might emerge with
further analysis in specific chemical contexts.

Observations and potential insights

Diverse compound mixture: The table shows a complex
mixture of various organic compounds, including acids,
amines, esters, cyclic compounds, and sugars.
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Figure 4. GC-MS of Moringa extract
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Table 9. GC-MS chromatogram of compounds characterized in the Moringa leaves extract using methanolic extraction

Sr Peak area Molecular weight
No RT % ID (g/mol)
1 180 3.55  1,3-Dihydroxy acetone (dimer) 180
2 17.35 3.25  Acetic acid (dimer) 120
3 1271 224  2,6-Diamino pyrimidinone 126
4 16.11 856  2,3-Dihydro-3,5-dihydroxy-6-methyl 4-pyranone 144
5 26.13 112 Hexa-2-yne acid 112
6 26.49 214  (S)-2-Hydroxy-2-methyl-butane dioic acid 148
7 2703 0.92 3,30 -Imino bispropyl amine 131
8 2756 1.07 1-Amine hexane 101
9 2899 516  4,5-Dimethyl-1,3-Dioxolan-2-one 116
10 29.89 130 2-Butenethioic acid, 3-(ethyl thio)-, S-(1-methyl ethyl) ester 204
11 3221 2.02  Propane amide-N,N-dimethyl- 101
12 3329 1.07  2-lsopropoxyethyl propionate 160
13 33.82 1.06 D-Mannoheptulose 210
14 3418 1.02  Azetidin-2-one 3,3-dimethyl-4-(1-aminoethyl) 142
15 35.08 1.04 Carbonic acid, butyl 2-pentyl ester 188
16 38.47 421  Tetraacetyl-d-xylonic nitrile 343
17 3955 3.44  Alpha-D-Glucose 180
18 43.66 1.25  1H-Cyclopenta[c]furan-3(3aH)-one,6,6a-dihydro-1-(1,3-dioxolan-2-yl)-, (3aR,1-trans,6a-cis)- 196
19 4420 152  3-[1-(4-Cyano-1,2,3,4-tetrahydro naphthyl)] propane nitrile 210
20 4456 140  Quinolinium, 1-ethyl-, iodide 285
21 46.70 1.04  N-Isopropyl-3-phenyl propane amide 191
22 47.24 1.03  Propane amide 73
23 47.78 1.28  1,2-Ethane diamine, N-(2-amino ethyl)- 103
24 48.67 1.01 1,4-Benzene diol, 2-methyl- 124
25 4957 1.03  Ethene, ethoxy- 72

In conclusion, the results of this study demonstrated
that the use of Moringa leaf extract in barley culture media
resulted in a significant improvement in shoot and root
multiplication rates compared to synthetic growth
regulators. This effect is attributed to the extract's high
content of natural cytokinins, particularly zeatin, as well as
the presence of phenolic compounds and antioxidants in the
extract. These components not only improve hormonal
balance in plant tissue cells but also play a crucial role in
mitigating oxidative stress caused by laboratory culture
conditions. This dual action of Moringa leaf extract provides
reassurance about its potential benefits. These results are
consistent with numerous scientific studies that have
confirmed the effectiveness of natural extracts, particularly
Moringa, as growth promoters and alternatives to synthetic
growth regulators in plant tissue culture of cereal crops.
Based on the above, this study provides scientific support
for expanding the use of Moringa leaf extract in
micropropagation programs and breeding crops resistant to
harsh environmental conditions. It recommends conducting
future studies on different crops in more detail to analyze
the active components of Moringa leaf extract and evaluate
their molecular effects on cell differentiation pathways as
well as the expression associated with plant organ formation.
Developing tailored biostimulant formulations derived from
plant extracts (e.g., seaweed, Moringa, watermelon rind
hydrogels), These formulations can be optimized for specific
barley growth stages and drought scenarios, offering targeted
and sustainable plant manipulation without synthetic inputs.

ACKNOWLEDGEMENTS

We would like to thank the Seed Inspection and
Certification Department in Abu Ghraib for providing me
with seeds of the varieties used in the research, and to the
Ministry of Science and Technology for their (GC-MS)
analysis of the Moringa extract.

REFERENCES

Al-Jubori MT, Al-Amery L. 2022. Effect of cytokinins BA, Kin, auxin IAA
and IBA on propagating (Citrus aurantiifolia) in vitro. Intl J Agric
Stat Sci 18 (1): 2033-2040.

Al-Jubori MT, Al-Dabbagh FM, Al-Ani EW. 2023. Optimizing media
sterilization via chlorine dioxide and autoclaving of paulowni
micropropagation. Iraqgi J Agric Sci 54 (6): 1737- 1745.

Al-Jubori MT, Al-Shamari MA. 2025. Propagation and artificial seeds
production from single node explants of maclura that cultured in
vitro. Iragi J Agric Sci 56: 190-197. DOI: 10.36103/tye6cd53.

Al-Taweel SK, Al-Amrani HA, Al-Rawi TK. 2019. Induction and flow
cytometry, GC-MS identification of tetraploids through colchicine
treatments in Datura stramonium L. Plant Arch 19 (1): 241-250.

Ashraf M, Foolad MR. 2007. Roles of glycine betaine and proline in
improving plant abiotic stress resistance. Environ Exp Bot 59 (2):
206-216. DOI: 10.1016/j.envexpbot.2005.12.006.

Attia MA, Bughdady AMM, Abou EI-Enin MM, Zaki KMH, Wassif OM.
2023. Barley productivity and soil quality in response to sowing
methods and two agricultural buried drain tile network designs in salt-
affected soils. Alex Sci Exch J 44 (2): 203-224. DOI:
10.21608/asejaiqgjsae.2023.305606.

Baday SJS, Hamza IA. 2024. The role of harmel seed extract and mannitol
in inducing genetic variations and drought tolerance of barley varieties
in vitro. IOP Conf Ser: Earth Environ Sci 1371: 10. DOI: 10.1088/1755-
1315/1371/10/102006.


https://iopscience.iop.org/journal/1755-1315
https://iopscience.iop.org/journal/1755-1315
https://iopscience.iop.org/journal/1755-1315

BADAY et al. — Response of two barley varieties to moringa extract

Baday SJS. 2020. Sugarcane of rapid multiplication by callogenesis. J
Physics: Conf Ser 1660 (1): 012005. DOI: 10.1088 /1742-
6596/1660/1/012005.

Bakry BA, Sadak MS, Abd El-Razik TM, El-Karamany MF. 2021. Moringa
leaves extract and zeatin for maximizing yield and quality traits of two
flax cultivars. Asian J Plant Sci 20 (4): 620-630. DOI:
10.3923/ajps.2021.620.630.

Banerjee A, Roychoudhury A. 2019. Cold stress and photosynthesis.
Photosynthesis, Productivity and Environmental Stress 27-37. DOI:
10.1002/9781119501800.ch2.

Bhalla N, Ingle N, Patri SV, Haranath D. 2021. Phytochemical analysis of
Moringa oleifera leaves extracts by GC-MS and free radical scavenging
potency for industrial applications. Saudi J Biol Sci 28 (2021): 6915-
6928. DOI: 10.1016/j.5jbs.2021.07.075.

Cha-um S, Wangmoon S, Mongkolsiriwatana C, Ashraf M, Kirdmanee C.
2012. Evaluating sugarcane (Saccharum sp.) cultivars for water deficit
tolerance using some key physiological markers. Plant Biotechnol 29
(5): 431-439. DOI: 10.5511/plantbiotechnology.12.0726a.

Database of Agricultural Varieties and Hybrids. 2022. National Committee for
the Accreditation, Registration, Certification and Protection of
Agricultural Varieties - Fourth Edition - Iraq.
https://zeraa.gov.ig/?page=13.

de Almeida SM, Lonfover Jifon J, Moura dos Santos C, Jadoski CJ, Gongalves
da Silva JA. 2013. Photosynthetic capacity and water use efficiency in
sugarcane genotypes subject to water deficit during early growth
phase. Braz Arch Biol Technol 56 (5): 735-748. DOI: 10.1590/S1516-
89132013000500004

de Melo-Abreu JP, Ribeiro AC. 2010. Os danos de geada: conceitos,
mecanismos e modelos de simulagdo. Figueiredo, T. de et al. Clima e
recursos naturais: conferéncias de homenagem ao Prof. Doutor
Dionisio Gongalves. Braganga: Instituto Politécnico: 141-166.

Dere S, GUNES T, Sivaci R. 1998. Spectrophotometric determination of
chlorophyll- A, B and total carotenoid contents of some algae species
using different solvents. Turk J Bot 22 (1): 13-18.

El-Lethy SR, Sadak MS, Hanafy RS. 2024. Assessing the usefulness of
Moringa oleifera leaf extract and zeatin in enhancing growth,
phytohormones, antioxidant enzymes and osmoprotectants of wheat
plant under salinity stress. Egypt J Bot 64 (3): 183-196.

Farshadfar E, Jamshidi B, Chehri M. 2014. Assessment of immature embryo
culture to select for drought tolerance in bread wheat. Intl J Biosci 4
(4): 194-203.

Geng L, Li M, Xie S, Wu D, Ye L, Zhang G. 2021. Identification of genetic
loci and candidate genes related to 3-glucan content in barley grain by
genome-wide association study in international barley core selected
collection. Mol Breed 41 (1): 1-6. DOI: 10.1007/s11032-020-01199-5.

Hadi BH, Hassan WA, Wuhaib KM. 2019. Phenotypic, genotypic
correlation and path coefficient for several traits of maize under
watered and water stress. J Glob Pharma Technol 11 (2): 76-86.

Hamza JH, Ali MK. 2017. Effect of seed soaking with GA3 on emergence
and seedling growth of corn under salt stress. Iraqi J Agric Sci 48 (3):
650-659.

Hu F, Zhang Y, Guo J. 2023. Effects of drought stress on photosynthetic
physiological characteristics, leaf microstructure, and related gene
expression of yellow horn. Plant Signal Behav 18 (1): 221-225. DOI:
10.1080/15592324.2023.2215025.

lkram S, Javed F, Wahid A, Ahmad R. 2014. In vitro relationship between
cadmium stress and thiourea in two barley genotypes. Pak J Agric Sci
51 (3): 673-678.

Jha P, Ochatt SJ, Kumar J, Wuschel V. 2020. A master regulator in plant
growth signaling. Plant Cell Rep 39: 431-444. DOI: 10.1007/s00299-
020-02511-5.

367

Khierallah HS, Jawad HA. 2017. Evaluation response of eight potato cultivars
in vitro growth under salt stress conditions to. Iragi J Agric Sci 48 (6):
1612-1632. DOI: 10.36103/ijas.v48i6%20B.262.

Lamidi S, Olalere R, Yekinni A, et al. 2024. Design of Experiments
(DOE): Applications and Benefits in Quality Control and Assurance.
Industrial Engineering and Management. IntechOpen. DOI:
10.5772/intechopen.113987.

Lukinac J, Juki¢ M. 2022. Barley in the production of cereal-based products.
Plants 11 (24): 3519.

Murashige T, Skoog F. 1962. A revised medium for rapid growth and
bioassays with tobacco tissue culture. Physiol Plant 15 (3): 473-797.

Nasrallah AY, Khairallah HSM, Neama SI. 2015. The effect of plant
growth regulators on stimulating the production of plant antioxidants
from buckwheat plant callus. Iragi J Agric Sci 46 (6): 922-933.

Patade VY, Bhargava S, Suprasanna P. 2011. Salt and drought tolerance of
sugarcane under iso-osmotic salt and water stress: Growth, osmolytes
accumulation, and antioxidant defense. J Plant Interact 6 (4): 275-282.
DOI: 10.1080/17429145.2011.557513.

Qin F, Shinozaki K, Yamaguchi-Shinozaki K. 2011. Achievements and
challenges in understanding plant abiotic stress responses and
tolerance. Plant Cell Physiol 52 (9): 1569-1582. DOI:
10.1093/pcp/pcrl06.

Sawant GB, Sawardekar SV, Patil MY, Jadhav SM. 2021. Surface sterilization
and callus induction potential of various indica rice (Oryza sativa L.)
varieties. Appl Biol Res23 (2): 147-156. DOI: 10.5958/0974-
4517.2021.00020.3.

Toma RS. 2022. Minitubers production of four potato (Solanum tuberosum
L.) cultivars by tissue culture technique. Iraqi J Agric Sci 53 (5):
1058-1066. DOI: 10. 36103 /ijas .v53i5.1619.

Van Heerden PD, Viljoen MM, De Villiers MF, Kriiger GH. 2004. Limitation
of photosynthetic carbon metabolism by dark chilling in temperate
and tropical soybean genotypes. Plant Physiol Biochem 42 (2): 117-
124. DOI: 10.1016/j.plaphy.2003.11.007.

Vianna MD, Sentelhas PC. 2014. Simulation of the water deficit risk in
sugarcane-crop expansion regions in Brazil. Pesquisa Agropecuaria
Brasileira 49: 237-246. DOI: 10.1590/S0100-204X2014000400001.

Vinocur B, Altman A. 2005. Recent advances in engineering plant
tolerance to abiotic stress: Achievements and limitations. Curr Opin
Biotechnol 16 (2): 123-132. DOI: 10.1016/j.copbio.2005.02.001.

Voss-Fels K, Snowdon RJ. 2016. Understanding and utilizing crop genome
diversity via high-resolution genotyping. Plant Biotechnol J 14 (4):
1086-1094. DOI: 10.1111/pbi.12456.

Yap YK El-Sherif F, Habib ES, Khattab S. 2021. Moringa oleifera leaf
extract enhanced growth, yield, and silybin content while mitigating
salt-induced adverse effects on the growth of Silypbum marianum.
Agronomy 11 (12): 2500. DOI: 10.3390/ agronomy11122500.

Yavas I, Jamal MA, Din KU, Ali S, Hussain S, Farooq M. 2024. Drought-
induced changes in leaf morphology and anatomy: Overview,
implications and perspectives. Pol J Environ Stud 33 (2): 1517 -1530.

Yuniati N, Kusumiyati K, Mubarok S, Nurhadi B. 2022. The role of Moringa
leaf extract as a plant biostimulant in improving the quality of agricultural
products. Plants (Basel) 11 (17): 2186. DOI: 10.3390/plants11172186.

Zhao D, Glaz B, Comstock JC. 2013. Sugarcane leaf photosynthesis and
growth characters during development of water-deficit stress. Crop
Sci 53: 1066-1075. DOI: 10.2135/cropsci2012.09.0554.

Zhao W, Liu L, Shen Q, Yang J, Han X, Tian F, Wu J. 2020. Effects of
water stress on photosynthesis, yield, and water use efficiency in
winter wheat. Water 12 (8): 2127. DOI: 10.3390/w12082127.



