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Abstract. Cancer bush (Lessertia frutescens L.) is an important medicinal plant that is
rich in health beneficial compounds. It is commonly used in traditional medicine and
as an ornamental plant. Heat stress is the most threatening abiotic factor restricting
plant growth, thus causing crop yield and economic losses worldwide. The application
of plant-derived biostimulant is as an innovative and promising approach for improv-
ing plant growth and productivity. The study was aimed to investigate the effect of
moringa (Moringa oleifera Lam.) seed extract (MSE; 5%) either alone or in combina-
tion with salicylic acid (SA; 40 mg/L) on the growth, bioactive, and phytohormone at-
tributes of cancer plants subjected to heat stress (38 °C for 2 hours for S days). Plants
that were not treated were used as control. Plant pots were arranged in a randomized
complete block design (RCBD) for treatments (MSE, SA, and MSE + SA) at 7-day in-
tervals during the experiment. Both MSE and MSE + SA foliar application effectively
increased plant growth characteristics and total carotenoids contents, and reduced
electrolyte leakage and had no symptoms of wilting compared with SA and control.
Plants treated with MSE showed higher number of branches and concentrations of
abscisic acid (ABA), jasmonic acid (JA), and indole-3-acetic acid (IAA), and lower su-
peroxide and hydrogen peroxide compared with other treatments and control. Also,
plants treated with MSE + SA showed higher total chlorophylls and glutathione con-
centrations compared with other treatments and control. Overall, the application of
MSE either alone or in combination with SA enhanced plant growth and productivity
of heat-stressed cancer bush plants.

Cancer bush (Lessertia frutescens L. syn.
Sutherlandia frutescens L.) is an economi-
cally important multipurpose medicinal plant
indigenous to southern Africa (Chuang et al.
2014). It is widely distributed in Namibia,
Botswana, and South Africa (Chuang et al.
2014; Hamdi et al. 2021). In South Africa,
cancer bush is commonly found in the
Western Cape, Eastern Cape, Northern Cape,
KwaZulu-Natal, and Mpumalanga provinces
(Colling et al. 2010; Hamdi et al. 2021).
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Cancer bush is a small, attractive, perennial
woody shrub that grows up to 1 m long
(Gibson 2011). The striking scarlet flowers
have made it a popular ornamental plant
(Gibson 2011; Masenya et al. 2022). It is also
reported to be used by British botanists since
the early 1990s due to its phytochemical
properties (Haffajee 2002; Street and Prinsloo
2013). Although extremely bitter, cancer bush
is widely used in traditional medicine in Africa
to treat diseases such as cancer, diabetes,
infections, and inflammation (Gibson 2011;
Mncwangi et al. 2023). In modern medicine,
cancer bush is well known as an adaptogenic
tonic, and the commercial tablets are popular to
counteract the muscle-wasting effects associ-
ated with HIV-AIDS in patients and to stimu-
late appetite (Omolaoye et al. 2021; Mncwangi
et al. 2023). The plant’s a.i., such as L-canava-
nine, D-pinitol, y-amino-butyric acid, triterpenoid

glucoside known as “SU1,” or triterpenoid
saponins and flavanol glycosides are reported
to possess anti-inflammatory, antioxidant, an-
ticonvulsant, anticancer, antidiabetic, antimu-
tagenic, analgesic, and immunomodulatory
properties (Omolaoye et al. 2021; Shaik et al.
2011). Although cancer bush is an important
medicinal plant, its growth and productivity
are mainly limited by climate change (Hamdi
etal. 2021).

Climate change intensifies the abiotic stress
that reduces plant production and yield due to
frequent drought and flooding, extreme tem-
peratures, high wind speeds, and altered inten-
sity and spectrum of ultraviolet radiation (Liu
et al. 2020; Zhang et al. 2023). Heat stress due
to high temperature can negatively affect plant
growth, development, and more severely the
reproductive stages causing a decrease of crop
yield (Fahad et al. 2017; Mirdn et al. 2023).
Seed germination may be inhibited due to high
temperatures above 30 to 38°C (Cetin et al.
2023; Prasad and Djanaguiraman 2014). High
temperature stress causes water deficiency in
plant tissues, which in turn leads to injury of
cell membranes and reduction in rates of tran-
spiration, protein synthesis, and ion uptake and
transport (Ahanger et al. 2017; Farooq et al.
2023). In addition, heat stress leads to overpro-
duction of reactive oxygen species (ROS)
and inhabitation of photosynthetic enzymes
(Mittler et al. 2022; Shaffique et al. 2022;
Tamta and Patni 2023), which ultimately re-
sults in the loss of cellular organization, cell
death, crop failure, and economic losses (Gray
and Brady 2016; Srivastava et al. 2023).

SA is a synthetic plant growth regulator
(PGR) that serves as a critical signal mole-
cule mediating immunity and plant growth
(Kulak et al. 2021; Sakhabutdinova et al.
2003). SA is the major solute involved in
flower induction, general growth and devel-
opment, various enzyme biosynthesis, sto-
mata movements, membrane protections, and
cell respiration (Hafez et al. 2019; Sharma
et al. 2020). It is also a defense-related plant
hormone that plays a key role in resistance to
different microbial pathogens such as virus,
bacteria, fungi, and oomycetes (Koo et al.
2020). One of the most prominent roles of
SA is in stress tolerance of plants, where it
acts as a signaling molecule that induces re-
sistance (Sharma et al. 2020). Rady and Mo-
hamed (2015), Zulfiqar et al. (2020), and Guo
et al. (2022) reported that 1 mM, 50 mg-L™"
and 0.75mM SA effectively improved growth
and yield of common bean (Phaseolus vulga-
ris L.), gladiolus (Gladiolus grandifloras L.),
and maize (Zea mays L.) plants under normal
or environmental stress conditions such as salt
and heat stress, respectively. Although SA is
effective, its excessive application could be as-
sociated with water and air pollution (Kaya
et al. 2023). The residues of synthetic PGRs in
agricultural products could be detrimental to
human health due to toxicity (Kaya et al.
2023; Kobayashi et al. 2020), thus the need
for green synthesis of SA. Also, little is known
about the effect of SA in combination with
natural biostimulants on plant performance.
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Plant biostimulants such as moringa (Mor-
inga oleifera Lam.) extracts are substances
applied as seed soaking and/or foliar spray
that positively modify plant growth and pro-
ductivity with alterations in metabolic pro-
cesses under normal or environmental stress
conditions (Batool et al. 2019; Soliman et al.
2020). Moringa, a multipurpose tree from
the Moringaceae family is native to several
habitats in South America, Africa, and Asia
(Benettayeb et al. 2022; Shakour et al. 2023).
Moringa leaves are a rich source of macro
and micronutrients, vitamins, antioxidants,
phytohormones such as auxins, gibberellins
(GAs), cytokinins (CKs) or zeatin, SA, and
JA (Azeem et al. 2023; Shakour et al. 2023).
These components make moringa a potential
natural plant growth stimulant (Azeem et al.
2023; Zulfiqar et al. 2020).

In addition, the preparation of plant-
derived biostimulants such as moringa leaf
extract (MLE) in ethanol or water is both
cost-efficient and eco-friendly and could be
used as a natural growth promoter and/or
stress-reducing agent for many plant species
due to the presence of phytochemicals and
phytohormones (Yap et al. 2021; Zulfigar
et al. 2020). Latif and Mohamed (2016) and
Yap et al. (2021) reported that the application
of MLE (5 to 10 g/L) as a foliar spray effec-
tively improved plant growth and yield of
common bean and milk thistle (Silybum ma-
rianum L.) under environmental stress such
as heat and salinity stresses. However, little is
known about the biostimulant potential of
moringa seed extract (MSE) to enhance plant
productivity under heat stress conditions. To
the best of our knowledge, no findings have
been reported on the effect of a combination
of MSE and SA on the growth and productiv-
ity of medicinal plants under environmental
stress conditions. The aim of this study was
to evaluate the effect of MSE, SA, and their
combination on growth, bioactive, and phyto-
hormone attributes of cancer bush plants sub-
jected to heat stress.

Materials and Methods

Plant material and growth conditions.
This research was carried out in the tunnel of
the School of Science and Technology, Sefako
Makgatho Health Sciences University (SMU),
South Africa (lat. 25°37'8” S, long. 28°1'22"E,
elevation 1276 m), during winter—spring (first
trial) and spring—summer (second trial) seasons
of 2021. The 4-m tunnel was covered with a
green photo-selective colored net (40% shad-
ing) [ChromatiNet™, Carports and Pergola
Builders (Pty) Ltd., Pretoria, South Afiica].
During this period, daily temperatures ranged
from 12.18 to 29.98°C, with an average of
21.08 + 0.60 °C. Daily relative humidity aver-
aged 43.01 £+ 0.57% and ranged from 35.99%
to 50.01%.

Cancer bush seedlings were purchased from
Plant & Palm Kwekery nursery at Akasia, Pre-
toria, South Afiica (lat. 25°39'50.6” S, long.
28°08'01.1” E, elevation 1300 m). The seed-
lings were then placed in the tunnel at SMU
where they were irrigated three times a day
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with 200 mL tap water per plant for a pe-
riod of 1 week. Afterward, only healthy
seedlings were transplanted into individual
plastic terracotta pots (40 cm in diameter
and 50 cm depth), filled with 5 kg of culterra
potting soil obtained from Builders Express,
Pretoria, South Africa (lat. 25°40/28.49" S,
long. 28°6/31.22" E, elevation 1305 m). This
product was made from raw organic materials
with COCO peat, forest products, water reten-
tive agents, general 2:3:2 (22), lawn 8:1:5 (25),
LAN (28%), ammonium sulfate (21%), vita
flora 5:1:5 (33) SRN, and vital flora 3:1:5
(26) SRN per 30 kg of soil being the main
ingredients.

Solutions. Moringa seeds were harvested
from the commercial orchards of Afrinest
Moringa Farm in Tzaneen, Limpopo, South
Africa (lat. 23°49'15.3” S, long. 30°10'08.7"
E, elevation 719 m). The seeds were ground
into fine powder and extracted using a
method described by Khalofah et al. (2020)
with slight modifications. The MSE was pre-
pared by mixing 500 g of ground seeds with
5 L of 80% ethanol and left at room tempera-
ture for 24 h with occasional manual swirl-
ing. Then, the mixture was purified by
filtering twice through Whatman no. 1 filter
paper. Centrifugation (laboratory centrifuge-
TDA4C, Hermle Labortechnik, Germany) at
8000 g, for 15 min was then conducted for
the supernatant. The supernatant was diluted
with distilled water (v/v) to obtain the re-
quired concentration of 4% MSE to use as a
foliar spray. Based on the preliminary study
(data not shown) 40 mg/L SA solution was
used in this study. Therefore, 4% MSE and
40 mg/L SA singularly or in combination
(MSE + SA) were used as treatments.
Tween-20 (0.01 mL/L) was added to the
MSE and SA foliar sprays as a surfactant and
spreading facilitator. The extracts were then
used immediately or stored in the refrigerator
at —20°C for further use. Control plants
were only sprayed with tap water.

Experimental setup. Both experiments
were arranged in an RCBD with plant spacing
of 40 cm and row spacing of 50 cm (Buthelezi
et al. 2023). Plant pots were arranged for MSE,
SA, and MSE + SA foliar spray application.
Cancer bush plants not treated with the extracts
were used as control. The three treatments and
control were replicated 12 times, making a to-
tal of 48 pots per experiment. Two weeks after
transplanting, plants were subjected to heat
stress (38 °C). During morning hours (0900 HR
to 1100 HR), pot plants were transferred to a
laboratory artificial climate incubator [Plant
Growth Chamber — LGP-250E, Labotec (PTY)
LTD, Johannesburg, South Aftica] for 2 h for
5 d and then transferred to the normal tempera-
ture at the tunnel. Cancer bush plants were
sprayed with MSE, SA, and MSE + SA once
a week and at 7-d intervals for 8 weeks after
plants were subjected to heat stress. Plants were
irrigated with an average of 3 L of tap water/
plant/day during the experiment.

Plant growth measurements. At the end of
the trial (8 weeks after plants were subjected to
heat stress), plant height was determined using
a measuring tape (Buthelezi et al. 2022) and the

number of branches was counted. Aerial part
dry weight was determined by drying samples
using a digital oven (EcoTherm Digital Ovens-
279, Labotec (PTY) LTD, Durban, South
Africa) at 50°C to constant weight (Yap et al.
2021).

Determination of leaf pigment concentra-
tion. Total chlorophyll and carotenoid concentra-
tions were determined according to a method of
Mahmood et al. (2022). Briefly, leaf discs of
0.2 g were homogenized in 50 mL 80% (v/v)
acetone and centrifuged at 10,000 g, for 10 min.
The absorbance was measured at 663, 645, and
470 nm using a spectrophotometer (ultraviolet-
1700; Shimadzu, Milan, Italy). Pigment concen-
trations were expressed in milligrams of pigment
per gram of tissue fresh weight (mg-g~' FW).

Determination of electrolyte leakage. Elec-
trolyte leakage (EL), taken as a parameter of
damage and membrane integrity, was mea-
sured according to Zulfigar et al. (2020) using
a portable conductivity meter (HI98192, Sha-
lom Laboratory Supplies CC, Johannesburg,
South Africa). The EL values were obtained
using three leaf samples/plant/treatment. The
leaf samples were placed in a tube containing
10 mL boiling deionized water and the electri-
cal conductivity (EC,) was recorded. The con-
tents were then heated at 55 °C for 30 min in a
water bath (Biobase — WBS0001, Masiye Lab-
oratories, Johannesburg, South Africa) and the
electrical conductivity (EC,) was recorded.
The samples were then boiled at 95°C for
15 min and the electrical conductivity (ECs)
was recorded. EL% was calculated according
to Howladar (2014) using the following formula:

oy _ ECy — ECy
EL(%) G, x 100 [1

Determination of phytohormones. ABA,
JA, and TAA were determined in root exu-
dates at harvest (8 weeks after plants were
subjected to heat stress) according to Latif
and Mohamed (2016), with minor alterations.
A 50-mg amount of frozen samples was
ground in cold 80% methanol followed by
triple extraction with 500 pL methanol con-
taining 0.1 ng/pL of each stable isotope-
labeled internal standard (*Hg-ABA, *H,-IAA
and *H6-JA). The extraction was performed in
2-mL cryotubes using a laboratory bead
mill (ESW-1.0, Chongqing DEGOLD Machine
Co., Ltd, Chongqing, China) with acceleration
of 6.5 m/s® for 40 s. After centrifugation at
20,000 g, for 15 min at 0°C, 20 pL of su-
pernatant was transferred into a polypropyl-
ene tube, mixed with water to 5 mL and
injected into the high-performance liquid
chromatography (HPLC) system (LC-4500;
Thermo Fisher Scientific Inc., Johannes-
burg, South Africa).

The HPLC separation and quantitation
were performed at ambient temperature with
a C18 column (5-pm particle size, L x 1.D.
15 cm x 4.6 mm; Merck, Johannesburg,
South Africa), using a methanol:water mix-
ture, supplemented with 0.1% acetic acid,
gradient at a flow rate of 300 wL-min~"
(Latif and Mohamed 2016). Results were
processed using the Masslynx v4.1 software
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and the phytohormone contents were quanti-
fied with a standard curve prepared with com-
mercial standards.

Determination of hydrogen peroxide. The
hydrogen peroxide (H,O,) level in roots
was assayed according to the method of
Ahmed et al. (2021), with some modifica-
tions. Briefly, the samples were extracted into
5 mL of 0.1% (v:v) trichloroacetic acid solu-
tion and centrifugation at 12,000 g, for
10 min. In 1 mL of supernatant, 0.5 mL of
10 mM potassium phosphate buffer (pH 7.0)
was added, followed by the addition of 1 mL
of potassium iodide (pH 7.0) and the absor-
bance was recorded at 390 nm using a spec-
trophotometer (ultraviolet-1700; Shimadzu).
The results of H,O, concentration were ex-
pressed as wmol-g~' FW.

Determination of superoxide. The super-
oxide (O,°) content was measured accord-
ing to the method described by Sun et al.
(2017), with minor modifications. Briefly,
0.1 g of fresh roots was extracted in 10 mM
K-phosphate buffer (pH 7.8), 0.05% NBT,
and 10 mM NaNj and then centrifuged at
15,000 g, at 5 °C for 10 min. A 2-mL amount
of immersed solution was heated at 90 °C for
10 min and cooled rapidly. Optical density
was measured colorimetrically at 580 nm and
the O,°~ content was expressed as wmol-g !
FW.

Determination of glutathione content. Glu-
tathione was determined according to Al-
harby et al. (2020), with some alterations.
Briefly, 0.5 g of frozen plant tissue was ho-
mogenized in 1 mL of 3% trichloroacetic
acid and centrifuged at 12,000 g, at 5°C for
10 min. Subsequently, 500 pwL of leachate
was transferred to a tube containing 600 pL
of 100 mg of phosphate regulator (pH 7.0)
and 40 pL of 5,5-dithiobis-2-nitrobenzoic
acid (DTNB). After 3 min, the absorbance
was then read at 412 nm against blank
(distilled water) using a spectrophotometer
(ultraviolet-1700; Shimadzu). The results
were expressed as reduced glutathione (umol
GSH/g FW).

Visual wilting evaluation. A visual evalua-
tion of wilting of plant leaves was performed
weekly during the experiment after plants
were subjected to heat stress. The purpose of
this assessment was to monitor the develop-
ment of stress symptoms. To observe symp-
toms of leaf wilting, a 0 to 5 hedonic scale
was used (Wang 2015); 1 = none, 2 = slight,
3 = moderate, 4 = moderately severe, and
5 = severe wilting. The results were expressed
as the average score of the collected data.

Statistical analysis. Analysis of variance
was used in our study to analyze the collected
data under the RCBD. Means were compared
using Duncan’s multiple range test (P <
0.001) (GenStat®, 18.1 edition, VSN Interna-
tional, UK).

Results

Plant growth characteristics. The applica-
tion of MSE and SA or in combination
effectively (P < 0.001) enhanced growth
attributes of heat-stressed cancer bush plants
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Table 1. Growth characteristics responses to either alone or combined foliar application of moringa
seed extract (MSE) and salicylic acid (SA) in cancer bush plants subjected to heat stress.

Treatments Plant ht (cm) Number of branches (n) Aerial part dry wt (g)
Control 39.07 £2.67 a 30.67£2.75a 13.45+0.83 a
MSE 5231+ 1.10¢ 67.67+145d 3940+ 120b
SA 45.11 £2.06 b 40.00 £ 1.15b 16.92 + 1.09 a
MSE + SA 51.01 £0.78 ¢ 58.00 £ 1.19 ¢ 38.94+1.17b

MSE + SA = MSE combined with SA. Data presented as mean + SE. Different letters among treat-
ments for each attribute are significantly different (P < 0.001).

compared with control (Table 1). Plants
treated with MSE alone or in combination
with SA had the highest plant height (52.31
and 51.01 cm) and aerial part dry weight
(39.40 and 38.92 g) with no statistical differ-
ences compared with foliar application of SA
(45.11 cm and 16.92 g) and control (39.07
cm and 13.45 g), respectively. In addition,
plants treated with MSE had the highest num-
ber of branches (67.67) followed by MSE +
SA (58.00) and SA (40.00) and control (30.66).

Leaf pigments. The highest (P < 0.001)
total chlorophyll concentration was observed
in plants treated with MSE + SA (2.31
mg-g~' FW) followed by MSE (1.91 mg-g~"
FW) and SA (1.61 mg-g~' FW) compared
with untreated plants (1.38 mg-g~' FW)
(Fig. 1). The concentration of total carote-
noids was significantly (P < 0.001) higher in
plants treated with either MSE or MSE + SA
(0.98 and 0.99 mg-g~' FW, respectively)
followed by SA (0.64 mg-g~' FW) com-
pared with control, which had the lowest
concentration of total carotenoids (0.32 mg-g ™"
FW) (Fig. 1).

Electrolyte leakage. Figure 2 shows that
the foliar application of MSE, SA, and
MSE + SA significantly (P < 0.001) reduced
the EL values compared with untreated
plants. Plants treated with MSE or MSE + SA
had significantly (P < 0.001) lower EL values
(8.17% and 8.14%, respectively) followed by
SA (10.04%) compared with control, which
had the highest values of EL (11.92%).

Phytohormone attributes. Treating heat-
stressed cancer bush plants with MSE re-
sulted in significantly (P < 0.001) higher
concentration of ABA (16.14 ng-g~' FW)
followed by MSE + SA (14.11 ng-g~' FW)
and SA (11.22 ng-g~' FW) compared with
control (9.97 ng~g7l FW) (Table 2). Also, the
concentrations of JA and TAA were signifi-
cantly (P < 0.001) higher in plants treated with
MSE (12.91 and 9.21 ng-g~' FW), followed by
MSE + SA (10.49 and 7.11 ng-g~' FW) and
SA (8.92 and 6.01 ng-g~' FW) in comparison
with control (7.91 and 4.12 ng-g~' FW), re-
spectively (Table 2).

ROS (H,0, and O,°~). Heat-stressed can-
cer bush plants treated with the MSE foliar spray
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Fig. 1. Total chlorophyll and carotenoid concentrations of heat-stressed cancer bush plants treated with
either separate or combined foliar application of moringa seed extract (MSE) and salicylic acid
(SA). Means followed by different letters in each bar indicate a statistically significant difference
(P < 0.001). MSE + SA = MSE combined with SA.
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Fig. 2. Electrolyte leakage of heat-stressed cancer bush plants treated with either separate or combined
foliar application of moringa seed extract (MSE) and salicylic acid (SA). Means followed by different
letters in each bar indicate a statistically significant difference (P < 0.001). MSE + SA = MSE com-

bined with SA.

had significantly (P < 0.001) reduced H,O,
(1.52 pmol-g~' FW) and 0,"~ (0.21 pmol-g™"
FW) compared with other treatments (Fig. 3).
This treatment had the maximum reduction of
H,0, and O, followed by MSE + SA (1.98
and 0.42 pmol-g~' FW) and SA (2.97 and
0.52 pmol- gf1 FW) compared with control (4.09
and 061 pmol-g~' FW), respectively (Fig. 3).

Glutathione. A significant (P < 0.0001)
increase in glutathione was observed in heat-
stressed cancer bush plants in response to all
treatments (MSE, SA, and MSE + SA) com-
pared with untreated plants (Table 2). The
highest (P < 0.001) concentration of glutathi-
one was noted in plants treated with MSE + SA
(12.97 pmol GSH/g FW) compared with
other treatments; MSE (10.99 pmol GSH/g
FW) and SA (10.82 umol GSH/g FW). Con-
trol had the lowest concentration of glutathi-
one (8.08 umol GSH/g FW) in comparison
with treated plants.

Wilting. The MSE, SA, and MSE + SA
treatments had a significant (P < 0.001) posi-
tive effect on wilting of cancer bush plants
subjected to heat stress (Fig. 4). Plants treated
with MSE and MSE + SA showed no symp-
toms of wilting, whereas plants sprayed with
SA showed slight symptoms of wilting. On
the other hand, control plants showed moder-
ately severe symptoms of wilting compared
with treated plants (Fig. 4).

Discussion

Cancer bush is an important medicinal
plant that is also used as an ornamental plant
(Mncwangi et al. 2023). It is commonly
harvested in the wild and commercially culti-
vated by a few farmers (Masenya et al.
2023). With the effect of global climate

change, abiotic stresses such as high tempera-
ture, drought, saline-alkali, and flooding are
the main factors restricting plant growth and
development, leading to the loss of yield
(Khan and Mehmood 2023). Natural biosti-
mulants, which are more cost effective, safer,
and environmentally friendly than common
agrochemicals, can be innovative tools for
enhancing the quality and yield of medicinal
plants (Shahrajabian and Sun 2022). Moringa
plant extracts, including leaves and seed ex-
tracts are a rich source of nutrients such as
macro and micronutrients, vitamins, antioxi-
dants, and phytohormones, including auxins,
GAs, CKs, SA, and JA, which are responsi-
ble for promoting plant growth and develop-
ment (Ahmed et al. 2021; Buthelezi et al.
2023). In addition, natural biostimulants en-
riched with natural or synthetic PGRs such as
melatonin, SA, and ABA can promote plant
resistance to environmental stresses (Abdel
Megeed et al. 2021). Mostly, PGRs are ap-
plied at low concentrations and are involved
in the hormonal homeostasis and/or signaling
network, therefore triggering plant growth,
development, metabolic processes, and re-
sponses to stress (Shah et al. 2023). Recently,
there has been great interest in replacing syn-
thetic agrochemicals with biostimulants.

The results of the current study showed
that the application of MSE and MSE + SA
significantly enhanced plant growth attrib-
utes. This could be attributed to the presence
of bioactive compounds in MSE. MSE con-
tains essential minerals, antioxidants, and
phytohormones such as IAA, Gas, and CKs
(Buthelezi et al. 2023). Phytohormones, such
as IAA, GAs, and CKs including zeatin,
promote cell division and expansion, plant
growth, and yield (Ahmed et al. 2021; Shakour

et al. 2023). This diverse composition of MSE
indicates that this extract can be used as a po-
tential plant biostimulant. Several studies
highlighted the role of moringa plant extracts,
particularly MLE, to improve plant growth and
development in different crops (Ahmed et al.
2021; Buthelezi et al. 2023; Khalofah et al.
2020; Latif and Mohamed 2016; Mahmood
et al. 2022; Rady and Mohamed 2015; Shakour
et al. 2023; Yap et al. 2021; Zulfigar et al.
2020), which is also evident from results of the
current study.

Moreover, the increase in the growth attributes
of heat-stressed cancer bush plants in response to
SA treatment, especially in combination with
MSE, could be attributed to the protective role of
SA on membranes that might increase the toler-
ance of plants to heat stress (Kobayashi et al.
2020). SA is a naturalistic plant phenolic com-
pound that contributes as a nonenzymatic antioxi-
dant and an endogenous signaling molecule
inducing stress tolerance against abiotic (heat,
drought, heavy metal, and salt stress) and biotic
(against pest and diseases) stresses in plants
(Kaya et al. 2023; Kobayashi et al. 2020). In addi-
tion, SA interacts with other hormones in plants
that are involved in the regulation of cell division
and expansion, such as auxin, GA, and ethylene
(ET), to modulate plant growth (Coskun et al.
2023; Lin et al. 2023).

The increase of total chlorophyll and carot-
enoid contents in heat-stressed cancer bush
plants by the foliar applications of MSE and/or
MSE + SA could be attributed to that MSE is
rich in phytochemicals such as antioxidants, par-
ticularly proline and ascorbic acid and phytohor-
mones including CKs and GAs (Buthelezi et al.
2022, 2023). The MSE components also act to
promote the biosynthesis of leaf photosynthetic
pigments due to their high content of mineral
nutrients and phytohormones, increasing leaf
chlorophyll concentrations and consequently
the enhanced photosynthesis process produces
more assimilates including osmoprotectants
(Mahmood et al. 2022; Zulfigar et al. 2020).
The increased total chlorophyll concentration in
the leaves of heat-stressed cancer bush plants
treated with SA and/or MSE + SA foliar spray
could be related to the influence of SA on en-
dogenous CK contents, which may further in-
crease after MSE application (Buthelezi et al.
2023; Kaya et al. 2023). This is further sup-
ported by Fig. 1, which shows that total chloro-
phylls concentrations were higher in plants
treated with MSE + SA followed by plants fo-
liar sprayed with MSE compared with control.
Also, SA-treated plants synthesize more CKs,
which improves chloroplast differentiation and
chlorophyll biosynthesis and prevents chlorophyll

Table 2. Phytohormone and glutathione concentrations responses to either alone or combined foliar application of moringa seed extract (MSE) and sali-
cylic acid (SA) in cancer bush plants subjected to heat stress.

Treatments Abscisic acid (ng-f{l FW)  Jasmonic acid (nggfl FW)  Indole-3-acetic acid (ng-g’l FW)  Reduced glutathione (nmol GSH/g FW)
Control 9.97 £0.61 a 791 £0.53 a 4120 £ 042 a 8.08 £0.52a
MSE 16.14 £ 0.66 ¢ 1291 £ 0.52 ¢ 9210 £ 0.44 d 1099 £ 043 b
SA 1122 £ 0.44 a 892+ 044 a 6.010 £ 0.54 b 10.82 £ 0.26 b
MSE + SA 1411 £ 046 b 10.49 £ 0.76 b 7.110 £ 039 ¢ 1297 £ 039 ¢

FW = fresh weight; MSE + SA = moringa seed extract combined with salicylic acid. Data presented as mean + SE. Different letters among treatments
for each attribute are significantly different (P < 0.001).
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ressed cancer bush plants treated with either separate
extract (MSE) alone and salicylic acid (SA). Means

followed by different letters in each bar indicate a statistically significant difference (P < 0.001).

MSE + SA = MSE combined with SA.

degradation (Cogkun et al. 2023; Goncharuk and
Zagoskina 2023).

The enhanced total chlorophyll content in
heat-stressed plants by MSE and/or SA foliar
spray might have increased plant growth
(Table 1) and productivity because photosyn-
thesis and biomass production are controlled
directly by the amount of chlorophyll present
in plants (Taffouo et al. 2017). Chlorophyll
harvests and converts the energy of absorbed
photons to the energy of chemical bonds re-
sulting from photosynthesis, thus enhancing
plant growth (Croft et al. 2020). In plants,
carotenoids are essential for photosynthesis
and photoprotection and play critical roles
as light harvesting pigments and structural

Wilting

components of photosystems (Dhami and
Cazzonelli 2020). In addition, carotenoids
can act as signaling molecules in response to
environmental and developmental cues or
serve as regulators of plant growth (Rocha
Juanior et al. 2023; Sherin et al. 2022). This is
further supported by the results of the current
study, which shows that plants treated with
MSE or MSE + SA had higher total caroten-
oid contents (Fig. 1), which may have im-
proved plant growth attributes (Table 1). Our
results are similar to those of Rady and
Mohamed (2015), who stated that the appli-
cation of 1 mM SA and 3% MLE signifi-
cantly enhanced the total chlorophyll (1.76 and
1.77 mg-g~' FW) and carotenoid (0.45 and

MSE

Control

Fig. 4. Wilting of heat-stressed cancer bush plants t

MSE + SA
Treatment

reated with either separate or combined foliar appli-

cation of moringa seed extract (MSE) and salicylic acid (SA). Means followed by different letters
in each bar indicate a statistically significant difference (P < 0.001). MSE + SA = MSE combined

with SA.
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0.44 mg-g~' FW) concentrations of common
bean plants grown on a saline soil (EC =
623-628 dS'-m~") compared with control
(1.70 and 0.43 mg-g~' FW), respectively. Also,
Batool et al. (2020) stated that foliar application
of 3% MLE improved leaf chlorophyll a (51%)
and b (61%), and total chlorophyll contents
(54%) of moringa seedlings compared with
control.

The EL from plant tissues is commonly
used as a parameter to evaluate cell integrity
and as an indicator of plant stress tolerance
(Rady and Mohamed 2015). Because mem-
brane damage often results in an increased
leakage of cytosolic constituents to the apo-
plastic space, higher values of EL imply
lower membrane stability (Sujata Goyal et al.
2023). In our study, the treatments with MSE
either alone and/or in combination with SA
showed the best results under heat stress by
reducing the accumulation of EL in cancer
bush leaves (Fig. 2). These results suggest
that MSE components such as essential min-
eral nutrients and phytohormones (Buthelezi
et al. 2022, 2023) could have easily translo-
cated through leaf stomata to active parts
such as biosynthesizing and/or meristematic
cells to provide them the ability to overcome
the stress conditions (Buthelezi et al. 2023;
Shakour et al. 2023). Mineral nutrients enable
crop plants to adapt to environmental stress
conditions through signaling pathways that
affect the adaptive responses of plants to en-
vironmental stresses and/or expression and
regulation of stress-induced genes that con-
tribute to stress tolerance (Mahmood et al.
2022; Yap et al. 2021). Also, the application
of MSE with SA induces phytohormone
biosynthesis that further maintains integrity
of cellular membranes under environmental
stress conditions such as drought and heat
stress, which are considered an integral part
of the heat stress tolerance mechanism
(Batool et al. 2020; Coskun et al. 2023;
Shakour et al. 2023). Our results are similar
to those of Rady and Mohamed (2015),
who reported that the application of 1 mM
SA and 3% MLE effectively reduced EL
(8.04 and 8.08%, respectively) compared
with control (9.68%).

The higher concentrations of ABA, JA,
and TAA were observed in heat-stressed can-
cer bush plants treated with MSE, which
could be due to the presence of bioactive
compounds and phytohormones in MSE
(Buthelezi et al. 2022, 2023). Phytohormones
promote many plant-related physiological
processes and signaling networks in plants
to modify plant responses to environmental
stressors (Igbal et al. 2023; Singh et al.
2023). ABA is synthesized under environ-
mental stress conditions and triggers an adap-
tive response by activating a group of genes
responsible for stress resistance (Igbal et al.
2023; Ma et al. 2020). It is involved in the
regulation of many aspects of plant perfor-
mance, including seed germination, embryo
maturation, leaf senescence, stomatal aper-
ture, and tolerance to environmental stress
(Pal et al. 2023; Singh et al. 2023).
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JA is a plant-signaling molecule closely
associated with plant resistance to abiotic
stress and is usually involved in physiological
and molecular responses such as the activa-
tion of the antioxidant system, accumulation
of amino acids and soluble sugars, and regu-
lation of stomatal opening and closing
(Hewedy et al. 2023; Igbal et al. 2023). IAA
regulates growth and developmental pro-
cesses such as cell division and elongation,
tissue differentiation, and apical dominance,
and promotes stem and lateral root growth,
fruit development, and tolerance to pathogens
(Singh et al. 2023; Sosnowski et al. 2023).
This is in accordance with our results in
which heat-stressed plants treated with MSE
had enhanced plant growth attributes (Table 1)
and leaf pigments (Fig. 1) and reduced EL
(Fig. 2). Moreover, a study by Buthelezi et al.
(2023) showed that this extract is rich in phy-
tohormones such as IAA, GA, and CK, which
promotes plant growth, productivity, and toler-
ance to environmental stresses (Khalofah et al.
2020; Shakour et al. 2023).

The water loss caused by drought can in-
duce excessive production of ROS such as
0,"", '0,, and H,0,, which results in mem-
brane lipid peroxidation, protein denaturing,
and cell death (Hamedeh et al. 2022; Kesawat
et al. 2023). The application of MSE effec-
tively mitigated the oxidative damage as a re-
sult of the decreased ROS production; H,O,
and O,° (Fig. 3), which could be due to ei-
ther the presence of antioxidants or direct
ROS scavenging capacity of peptides and
amino acids in MSE (Buthelezi et al. 2022,
2023). Also, plants treated with MSE + SA
showed lower values of H,O, and O,°*~ com-
pared with control, which also could be at-
tributed to SA being an important signal
molecule that can activate different defense
mechanism in plants, thus enhancing plants’
adaptability to abiotic stress conditions (Kaya
etal. 2023).

The higher concentration of glutathione
observed in heat-stressed cancer bush plants
treated with MSE + SA could be because
MSE is rich in some antioxidants, proline,
and ascorbic acid and phytohormones
(Buthelezi et al. 2022, 2023). Also, SA is re-
ported to produce osmolytes such as proline
and antioxidants (Coskun et al. 2023). In ad-
dition to crucial roles in defense system and
as enzyme cofactors, these components, par-
ticularly antioxidants, directly or indirectly
scavenge ROS and/or control ROS produc-
tion and influence plant growth and develop-
ment by modifying processes from mitosis
and cell elongation to senescence and plant
death (Altaf et al. 2022; Goncharuk and
Zagoskina 2023).

Moreover, glutathione acts as an antioxi-
dant in many ways. It can react chemically
with O,°~, OH®, and H,0,, and, therefore,
can function directly as a free radical scaven-
ger (Madhu et al. 2023). This is further sup-
ported by the results of the current study,
which shows that heat-stressed cancer bush
plants treated with MSE or MSE + SA had
higher glutathione concentrations and lower
levels of O,°" and H,0, compared with
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control. Abd El Mageed et al. (2023) reported
that the enzyme glutathione reductase main-
tains the glutathione pool in the reduced
state that in turn reduces dehydroascorbate to
ascorbate, which is a primary antioxidant
and direct scavenger of ROS (Hasanuzzaman
et al. 2019). It was also reported that in-
creased glutathione reductase expression en-
hances the tolerance to oxidative stress (Abd
El Mageed et al. 2023; Madhu et al. 2023).
Our results are similar to those of Khalofah
et al. (2020), who reported that glutathione
content was significantly higher in cadmium
stressed garden cress (Lepidium sativum L.)
plants treated with 6% MLE (159.42 U/mg
protein) compared with 2% and 4% MLE
(151.62 and 156.25 U/mg protein) and con-
trol (148.51 U/mg protein). This could be be-
cause the antioxidant glutathione plays an
important role in the regulation of plant
growth, development, and responses to abi-
otic stresses (Madhu et al. 2023).
Heat-stressed cancer bush plants treated
with MSE and MSE + SA showed no symp-
toms of wilting, which could be attributed to
the presence of phytohormones, particularly
CKs in MSE (Buthelezi et al. 2023; Shakour
et al. 2023). The presence of CKs in MSE
(Buthelezi et al. 2022, 2023) prevents prema-
ture leaf senescence and maintains higher
leaf area for photosynthetic activity and
higher chlorophyll concentration in plant
leaves (Igbal et al. 2023; Zulfiqar et al. 2020).
SA treatments enhance synthesis of CKs in
plants, which promotes chlorophyll biosyn-
thesis or prevents chlorophyll degradation in
leaves (Kaya et al. 2023; Kobayashi et al.
2020). This is further supported by the results
of this study, which showed that heat-stressed
cancer bush plants treated with either MSE or
MSE + SA had higher total chlorophyll con-
tents compared with control (Fig. 1). This
might have delayed wilting or leaf senes-
cence, which is accompanied by various
changes in cell structure, physiological me-
tabolism, and gene expressions (Madhu et al.
2023). In addition, the phytohormones and
bioactive compounds present in MSE might
have played an important role in genetic
modification, which can delay leaf aging,
maintain photosynthesis for a long time, and
sustain leaf activity, thereby increasing yield
(Buthelezi et al. 2023; Zulfigar et al. 2020).

Conclusions

The current study demonstrated that the
negative effect of heat-induced stress on the
growth and productivity of cancer bush plants
could be alleviated by the foliar application
of MSE and/or in combination with SA,
which could protect the plants against injuries
by heat stress. The application of MSE
alone or in combination with SA effectively
improved plant growth, total chlorophyll
and carotenoid concentrations, phytohormones
(ABA, JA, and IAA), glutathione and reduced
EL and ROS (superoxide and hydrogen perox-
ide) compared with untreated plants. In addition,
plants treated with MSE and MSE + SA
showed no symptoms of wilting, whereas SA

and control showed slight and moderate severe
symptoms of wilting, respectively. Overall,
MSE and MSE + SA mitigated the adverse ef-
fects of heat stress on cancer bush plants by im-
proving plant growth attributes, and biochemical
and phytohormone compositions of plants.
Therefore, the results of the current study dem-
onstrated that MSE either alone or in combina-
tion with SA can be used as an environmentally
friendly plant biostimulant to promote sustain-
able cultivation of medicinal plants. These
positive results open the possibility for future re-
search based on improving the concentration
and mode of application of MSE either alone or
in combination with different plant-derived ex-
tracts under various environmental conditions.
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