
In nurseries, procedures are intended to standardise 
all practices for each plant species in order to produce 
high-quality seedlings (El-Serafy 2020). During the 
early stages of a tree’s life, careful management tech-
niques are therefore essential to ensure the produc-
tion of high-quality, marketable trees and to enhance 
proper growth and development. Syzygium cumini (L.) 
Skeels ( Java plum), an important member of the 
Myrtaceae family, is widely cultivated as a fruit tree 
and valued for its medicinal properties, particularly in 
humid regions. Diabetic patients frequently consume 
its fruits (Ayyanar and Subash-Babu 2012). Because 

of its many benefits, it can be utilised effectively in 
several agroforestry systems (Sarvade et al. 2016) and 
is also favoured as an attractive ornamental tree in 
gardens. Additionally, Java plum thrives in marginal 
soils and is well adapted to tolerate adverse climatic 
conditions (Tewari et al. 2017).

Water shortages are a global problem that is wors-
ening, as water is essential for all metabolic pro-
cesses that take place in plant cells (Attia et al. 2022, 
Ghanem et al. 2022). To compensate for freshwater 
scarcity, saline water has increasingly been used 
for crop irrigation. Salinity is an abiotic stress that 
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alters plant physiological and morphological traits, 
thereby reducing agricultural output (El-Serafy et al. 
2021, Sheta et al. 2024). Salts affect plant develop-
ment by disrupting hormonal balance, causing ionic 
toxicity, inducing osmotic stress, reducing nutrient 
availability, and producing reactive oxygen species 
(Kumar et al. 2020). Consequently, plants exposed 
to salt stress may wilt, dry up, and eventually die. In 
response to osmotic stress, plants develop osmotically 
active compounds known as osmoprotectants, which 
lower cellular osmotic potential under saline condi-
tions. These osmoprotectants preserve cell turgor 
by absorbing water and functioning as free-radical 
scavengers (Ahmad and Sharma 2008, El-Serafy et al. 
2024). Carbohydrates, proline, proteins, and amino 
acids are among osmoprotective metabolites affected 
by salt stress (Rasool et al. 2013, Youssef et al. 2022, 
Atteya et al. 2022b, Bahgat et al. 2023). Recently, 
considerable efforts have been devoted to identify-
ing new and sustainable plant growth promoters to 
enhance plant growth under saline conditions and 
ameliorate the detrimental effects of salt stress (El-
Serafy et al. 2024, Alayafi et al. 2025).

Cassia javanica nodosa trees belong to the family 
Fabaceae and are widely cultivated in gardens and 
landscapes. The wood and seed gum of this tree 
have commercial value, and its leaves have shown 
antidiabetic activity (Kumavat and Gopalkrishnan 
2024). The leaves of C. javanica contain glycosides, 
saponins, alkaloids, flavonoids, tannins, and phytos-
terols (Khurm et al. 2021) and exhibit antimicrobial, 
antioxidant, antidiabetic, and anticancer activities 
(Lavanya et al. 2018). A preliminary experiment was 
done to evaluate the superoxide radical-scavenging 
activity of C. javanica leaf extract (CLE), which re-
vealed strong antioxidant potential, suggesting its 
applicability as an antioxidant source across various 
sectors (Kaur and Arora 2011). Highly antioxidant 
plants can also be employed to mitigate ROS-induced 
damage in plant cells under stress (El-Serafy et al. 
2023, 2024, Alayafi et al. 2025). In addition to their 
therapeutic uses, Cassia species are also commonly 
used for many purposes, such as food, gums, timber, 
dyes, and fuelwood (Khurm et al. 2021). C. nigleaf ’s 
leaf powder, for example, has been utilised as a po-
tential pesticide against grain storage pests (Belmain 
et al. 2001).

However, limited information is available on the 
use of C. javanica extracts in agricultural practices, 
particularly regarding their application as a growth 
promoter. Therefore, this study is the first to evalu-

ate the adaptive responses of Java plum seedlings to 
saline stress as affected by CLE foliar application as 
a natural antioxidant. Our hypothesis is that CLE 
supplementation to plant foliage may be beneficial 
for Java plum seedlings irrigated with saline water. 
Accordingly, our object was to assess the adaptive 
strategies of Syzygium cumini (L.) Skeels seedlings 
subjected to CLE foliar spray under saline conditions.

MATERIAL AND METHODS

Exp eriment lo cation.  A pot  invest igat ion 
was done in the greenhouse of the Horticulture 
Department, Agriculture Faculty, Tanta University 
(30°47'18"N, 31°00'06"E), at 8 m a.s.l., from June to 
October 2024. Java plum seedlings were provided 
from the Nursery of the Horticulture Department, 
Agriculture Faculty, Tanta University, and cultivat-
ed in plastic pots. Before pot preparation, samples 
of experimental soil were collected for analysis. 
The results were as follows: sand 21.5%, silt 38.9%, 
clay 39.6%, electrical conductivity 1.8 dS/m, pH 
8.3, Mg2+ 139.73 mg/L, Ca2+ 290 mg/L, N 0.26%, 
P 0.014%, and K 0.06%.

Planting methodology. Uniform seedlings of 
Syzygium cumini were planted on 20 June 2024 in 
plastic pots inside the greenhouse. After root es-
tablishment, the pots were divided into groups for 
respective treatments.

Cassia extract preparation. The young leaves of 
Cassia javanica subsp. nodosa were used in this ex-
periment. To prepare the aqueous CLE, fresh leaves 
were blended with water at a 1 : 2 w/v ratio and fil-
tered. A concentration of 40% of the stock solution 
was prepared. Java plum seedlings received CLE 
foliar sprays three times: on 1 July, 1 August, and 
1 September. Seedlings not treated with CLE spray 
or saline water were identified as control seedlings. 
The chemical analysis of CLE was as follows: FRAP 
170 µmol/g; total chlorophyll 1.82 mg/g FW (fresh 
weight); polyphenols 13.6%; total carbohydrates 2.1 mg/g 
DW (dry weight); ascorbic acid 2.31 mg/g FW; total 
protein 1.66 mg/g DW; total alkaloid 5.11%; flavo-
noids 1.6%, and tannins 0.25%.

Treatments. The pots were subjected to salinity 
and CLE treatments as follows: (1) irrigation with 
tap water (control, T1); (2) irrigation with 20 dS/m 
NaCl saline water (T2); (3) foliar spray with CLE 
(T3), and (4) combined saline water irrigation and 
CLE foliar spray (T4). Each treatment (group) was 
replicated three times, and each replicate consisted 
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of 12 pots, each with one seedling. Seedlings were 
gradually acclimated to saline irrigation, beginning 
with 5 dS/m on 1st July and increasing every 3 days 
to reach the required level of 20 dS/m. After that, 
all pots were irrigated every 2 days to maintain field 
capacity. NPK fertiliser (15% N, 5% P, 5% K) was ap-
plied at 5 g/kg soil (Zafar et al. 2021). On 20th October, 
growth traits of both above- and below-ground parts 
were measured across all treatments.

Physio-biochemical analysis. Total chlorophyll 
(mg/g FW) was measured using methanol (Dere et 
al. 1998). Total carbohydrates in leaves were assessed 
via the Anthrone protocol (Leyva et al. 2008). Total 
protein content was determined using a nitrogen-
to-protein conversion factor (Mariotti et al. 2008). 
Phenolic content in leaves was assessed as described 
by Dewanto et al.’s (2002) method and expressed as 
mg gallic acid (GAE)/g DW. Ascorbic acid content 
(mg/100 g DW) in seedling leaves was measured 
according to the methods of AOAC (1995). Ferric 
reducing antioxidant potential (FRAP; Umol/g FW) 
was determined using the Benzie and Strain (1996) 
method. Catalase (CAT) activity was assessed fol-
lowing the Aebi (1984) and Hadwan (2018) protocols 
and reported as U/mg protein. The activity of super-
oxide dismutase enzyme (SOD, U/mg protein) was 
assessed with the nitro blue tetrazolium method of 
Giannopolitis and Ries (1977). Proline content was 
assessed using the procedure of Ábrahám et al. (2010) 
and presented in mg/100 g FW. Lipid peroxidation in 

the cell membrane was assessed as malondialdehyde 
(MDA) according to Landi (2017) and presented in 
mg/g FW. Hydrogen peroxide (H2O2; μmol/g FW) 
generated in plant leaves was measured using the 
method of Patterson et al. (1984). Nitrogen (N% %) 
was measured using the micro-Kjeldahl method, 
while phosphorus (P; mg/100 g DW) and potassium 
(K; mg/100 g DW) concentrations were determined 
using Estefan et al. (2013) description. 

Statistical analysis. This pot investigation was 
arranged in a randomised complete design (RCD) 
in four treated groups; each group was replicated 
three times, and each replicate consisted of 12 pots 
with one seedling per pot. The collected results 
were analysed statistically using COSTAT version 
6.4 software (CoHort Software, Monterey, USA). 
The Duncan’s test was used to estimate differences 
in mean values among treatments at P ≤ 0.05.

RESULTS

Growth parameters. Results in Figure 1 indicate 
that seedlings’ height was significantly depressed in 
the T2 treatment, which showed lower fresh and dry 
weights than the other treatments. The CLE treat-
ment (T3) increased seedlings’ height and biomass, 
presenting the tallest seedlings with the heaviest 
weights, and mitigated the negative impacts of saline 
water in T4. Conversely, root length showed the 
opposite trend (Table 1): T2 seedlings had the long-

Figure 1. Effect of Cassia javanica leaf extract (CLE) foliar application on (A) plant height; (B) plant fresh 
weight, and (C) plant dry weight of Syzygium cumini L. seedlings irrigated with saline water. The same letters 
are significantly different at the P ≤ 0.05 level
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est roots, with significant differences as compared 
with the other treatments. But T3 seedlings had the 
shortest roots.

The fresh and dry weights of both above- and below-
ground parts were significantly lower in T2 seedlings rel-
ative to T1 (Table 1). In contrast, T3 seedlings exhibited 
the highest weights among all treatments. Furthermore, 
T4 seedlings significantly recorded higher fresh and dry 
weights than those of T2 seedlings. Regarding leaf area, 
T2 seedlings presented the smallest leaves (49.86 cm2). 
Meanwhile, CLE treatment significantly increased leaf 
area when applied alone (T3) and with saline water (T4).

Physicochemical analysis

Chlorophyll, carbohydrates, and protein. The ad-
verse influence of salinity on chlorophyll content was 
noticed in Java plum leaves (Figure 2), as T2 seedlings 

showed lower chlorophyll content. In contrast, T3 
seedlings presented the highest chlorophyll content. 
Java plum seedlings in the T2 treatment showed 
significantly lower carbohydrate and protein levels 
than the control (Figure 2). The CLE foliar application 
alone (T3) resulted in the maximum carbohydrates 
and protein values, while T4-seedlings presented 
significantly higher levels than T2-seedlings.

Total phenols and ascorbic acid. In T2-seedlings, 
total phenols reached 52.96 mg gallic acid/g DW and 
ascorbic acid reached 13.84 mg/100 g DW (Table 2). 
These values were further enhanced following T4 
treatment, which recorded significantly higher lev-
els of total phenols and ascorbic acid than all other 
treatments. The lowest levels of both metabolites 
were recorded in T1 seedlings. 

Ferric ion reducing power assay. Concerning the 
FRAP assay, T3-treated seedlings significantly exhib-

Table 1. Effect of Cassia javanica leaf extract (CLE) foliar application on the root and shoot traits, and leaf area 
of Syzygium cumini L. seedlings irrigated with saline water

Treatment Root length 
(cm)

Root fresh 
weight (g)

Root dry 
weight (g)

Shoot fresh 
weight (g)

Shoot dry 
weight (g)

Leaves area 
(cm²)

Control (T1) 22.21 ± 1.25b 2.68 ± 0.17b 0.94 ± 0.03b 7.57 ± 0.31b 2.47 ± 0.30ab 71.0 ± 1.32b

Salinity (T2) 25.89 ± 0.59a 1.81 ± 0.16c 0.60 ± 0.02c 5.30 ± 0.26c 1.96 ± 0.05b 49.86 ± 1.20d

CLE (T3) 20.78 ± 0.40b 3.72 ± 0.25a 1.34 ± 0.13a 9.47 ± 0.39a 3.06 ± 0.19a 88.56 ± 1.90a

Salinity + CLE (T4) 22.23 ± 0.66b 3.10 ± 0.22b 1.04 ± 0.10b 6.47 ± 0.68bc 2.37 ± 0.13b 65.72 ± 1.11c

The same letters within a column are significantly different at the P ≤ 0.05 level

Figure 2. Effect of Cassia javanica leaf extract (CLE) foliar application on (A) total chlorophyll; (B) carbohy-
drates, and (C) protein content in the leaves of Syzygium cumini L. seedlings irrigated with saline water. The 
same letters are significantly different at the P ≤ 0.05 level. FW – fresh weight
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ited the highest FRAP values (Table 2), but this value 
decreased in T4 seedlings. T2 seedlings showed the 
lowest FRAP value in their leaves among all treatments.

Antioxidant enzyme activity. Seedlings that re-
ceived T2 treatment presented significantly lower 
activities of CAT and SOD than T3 and T4-seedlings, 
although T1-seedlings remained the lowest overall 
(Table 2). CLE treatment enhanced enzyme activities 
in T3, and more so in T4. The highest CAT (12.3 U/
mg protein) and SOD (20.8 U/mg protein) activities 
were recorded by T4-seedlings.

Proline and malondialdehyde. Salinity (T2) resulted 
in significantly greater proline accumulation and lipid 
peroxidation (MDA) than in T1 (Figure 3). The low-
est proline and MDA levels were observed in the T3 
seedlings. Moreover, T4-seedlings showed significantly 
less proline and MDA than T2-seedlings.

H2O2 content. The results in Figure 3 showed 
that H2O2 levels in Java plum leaves were affected 
by saline water irrigation and CLE foliar spray. The 
H2O2 generated in Java plum leaves was significantly 
higher in the T2 treatment than in all other treat-
ments. However, in T4 seedlings, H2O2 generation 
was significantly lower. Seedlings treated with CLE 
alone (T3) presented H2O2 levels similar to those 
detected in T1.

Elements concentration. Element concentrations 
in Java plum leaves treated with CLE spray showed 
a significant increase compared with the other treat-
ments (Table 3). In salt-stressed seedlings, the nutri-
ent contents were the lowest for N, P, and K (2.19%, 
4.61 mg/100 g, and 44.31 mg/100 g, respectively). 
However, these values were further increased follow-
ing CLE foliar application for salt-stressed seedlings 

Table 2. Effect of Cassia javanica leaf extract (CLE) foliar application on total phenols, ascorbic acid, ferric ion 
reducing power assay (FRAP), catalase (CAT), and superoxide dismutase (SOD) content in the leaves of Syzygium 
cumini L. seedlings irrigated with saline water

 Treatment Total phenols 
(mg gallic acid/g DW)

Ascorbic acid 
(mg/100 g DW)

FRAP 
(U mol/g FW)

CAT 
(U/mg protein)

SOD 
(U/mg protein)

Control (T1) 45.59 ± 0.92c 10.38 ± 0.49c 102.94 ± 1.29b 6.02 ± 0.20c 9.26 ± 0.37d

Salinity (T2) 48.48 ± 0.98c 13.84 ± 0.50ab 83.10 ± 1.74c 8.32 ± 0.72b 13.32 ± 0.28c

CLE (T3) 52.96 ± 0.72b 12.59 ± 0.13b 120.53 ± 1.84a 9.63 ± 0.25b 17.23 ± 0.51b

Salinity + CLE (T4) 56.29 ± 1.11a 14.86 ± 0.29a 104.07 ± 1.77b 12.27 ± 0.30a 20.76 ± 0.36a

The same letters within a column are significantly different at the P ≤ 0.05 level. DW – dry weight; FW – fresh weight

Figure 3. Effect of Cassia javanica leaf extract (CLE) foliar application on (A) proline; (B) malondialdehyde 
(MDA), and (C) hydrogen peroxide (H2O2) content in leaves of Syzygium cumini L. seedlings irrigated with 
saline water. The same letters are significantly different at the P ≤ 0.05 level. FW – fresh weight
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(T4), reaching 2.84%, 5.72 mg/100 g, and 45.74 mg/ 
100 g, respectively. Significantly higher nutrient 
concentrations were detected in T3 seedlings.

DISCUSSION

Limited water resources have increased the demand 
for high-quality crop cultivation while maximising 
productivity per unit of water. This study reported 
the impacts of CLE on Java plum seedlings irrigated 
with saline water (Figure 4). Saline water depressed 
the seedling growth, as indicated by decreased plant 
height and biomass.

An improvement in the root length was observed 
in salted seedlings; however, CLE-treated seedlings 
exhibited the shortest but thickest roots. Under salt 
stress, morphological changes take place in root length, 
thickness, and proliferation (Acosta-Motos et al. 2017). 
Foliar spraying increases element absorption, promot-
ing root initiation and increasing root weight (Sheha et 

al. 2023, Al-Saif et al. 2024, Mahdy et al. 2024). These 
findings explain why the root length and weight of 
Java plum seedlings showed differences as affected 
by the treatments applied in this study.

The decline in growth traits of seedlings irrigated 
with saline water is attributed to osmotic stress, which 
causes a reduction in the expansion and division of 
plant cells and a depression in photosynthesis (Pardo 
2010). In contrast, the CLE application enhanced 
plant growth. Kaur and Arora (2011) reported that 
a high antioxidant potency in C. javanica leaf extract, 
noting that water extract exhibited the strongest an-
tioxidant activity. Cassia contains several important 
compounds, e.g., anthracene derivatives (anthraqui-
nones), sterols, f lavonoids, piperidine alkaloids, 
phenylpropanoids, pentacyclic triterpenoids, and 
γ-naphthopyrones, that contribute to plant growth 
and enhance stress resistance.

Bi et al. (2017) previously stated that sinapic acid, 
a phenylpropanoid compound, is extracted from 

Table 3. Effect of Cassia javanica leaf extract (CLE) foliar application on nitrogen (N), phosphorus (P), and 
potassium (K) of Syzygium cumini L. seedlings irrigated with saline water

 Treatment N (% DW) P (mg/100 g DW) K (mg/100 g DW)
Control (T1) 2.98 ± 0.10ab 5.38 ± 0.14b 48.1 ± 1.0ab

Salinity (T2) 2.19 ± 0.06c 4.61 ± 0.16c 44.3 ± 0.60c

CLE (T3) 3.20 ± 0.09a 6.53 ± 0.23a 50.2 ± 0.80a

Salinity + CLE (T4) 2.84 ± 0.14bc 5.72 ± 0.11b 45.7 ± 0.45bc

The same letters within the column are not significant at the P ≤ 0.05 level. DW – dry weight

 

Figure 4. The response of Syzygium cumini L. seedlings to Cassia javanica leaf extract (CLE) foliar application 
under saline conditions
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C. javanica leaves. The carbon skeleton of phenylala-
nine serves as the source of a wide range of chemicals 
produced through phenylpropanoid metabolism, 
which contribute to plant survival, defence, and 
structural support (Vogt 2010). Sinapic acid, a typi-
cal precursor for soluble secondary metabolites, is 
a natural member of the phenylpropanoid family 
(Shahidi and Naczk 2004). In Arabidopsis, the buildup 
of these soluble phenylpropanoids and sinapic acid 
esters also provides defence against several stresses 
(König et al. 2014). Sinapic acid stimulated the root 
length and weight of Arabidopsis seedlings by 44% and 
20%, respectively (Bi et al. 2017). The same authors 
emphasised the importance of sinapic acid during 
the early stages of plant development. Additionally, 
C. javanica leaves contain chrysophanol (chrys-
ophanic acid) (Arya and Yadav 2011), a naturally 
occurring anthraquinone compound found in various 
plants and known for its potential anti-inflammatory, 
anticancer, and antimicrobial activities (Prateeksha 
et al. 2019). Chrysophanol supplementation caused 
an enhancement in the growth, proteomic analysis, 
photosynthesis, sucrose content, and defence-related 
gene expression in cabbage seedlings exposed to 
Botrytis cinerea (Liu et al. 2016). A reduction in 
chlorophyll content in seedling leaves was detected 
following salt stress. Similar reductions in chloro-
phyll content under saline conditions were observed 
(Atteya et al. 2021, 2022a, Bahgat et al. 2023). Salinity 
stimulates chlorophyllase activity, which contributes 
to chlorophyll degradation and decreases nitrogen 
absorption (Paul and Lade 2014). The fact that CLE 
improved chlorophyll levels may help clarify how 
this extract mitigates the detrimental effects of sa-
linity on growth. Increased growth is associated 
with higher chlorophyll concentrations (Alshallash 
et al. 2022, Atteya et al. 2022b). CLE is rich in N 
and Mg (Al-Menaie et al. 2010), which are essential 
for photosynthesis. The observed increases in leaf 
pigments and carbohydrate concentrations in Java 
plum seedlings highlight the important effects of 
CLE treatments. 

An increase in total carbohydrates, proteins, and 
antioxidant activity in seedling leaves following CLE 
treatment was observed. Osmoprotectant genera-
tion is a strategy for plant resistance against stress 
conditions (Rasool et al. 2013). Osmoprotectants 
preserve water absorption, membrane stability, and 
protein integrity, consequently preserving cell turgor. 
Carbohydrates accumulated in plant cells function as 
osmoprotectants by stimulating water and nutrient 

absorption, photosynthesis, and essential metabolic 
processes (Zali and Ehsanzadeh 2018, El-Nagar et 
al. 2025).

Under saline conditions, proteins and cell mem-
branes are oxidatively damaged by H2O2 (Ahmad et al. 
2011). An elevation in H2O2 concentrations in saline 
treatments was detected; this increase was accom-
panied by increased MDA concentration, indicating 
greater protein and membrane deterioration and 
lipid peroxidation (Eraslan et al. 2007). High levels 
of lipid peroxidation caused by ROS under stress-
ful conditions have also been reported previously 
(El-Serafy et al. 2021, 2023, Gururani et al. 2023).

There was a slight increase in the antioxidant sys-
tem of the CLE-treated salted seedlings compared to 
the salted seedlings without CLE. Antioxidant status 
increments may be due to the natural antioxidant 
content present in C. javanica leaves (Kaur and Arora 
2011, Lavanya et al. 2018), which contributed to im-
proving the antioxidant activity of the T4 seedlings. 
These improvements may collaborate in depressing 
the oxidative burst under stress conditions (Kaur et 
al. 2014, Gémes et al. 2016).

Proline is associated with enhanced resilience to 
various environmental stressors (Liang et al. 2013, 
Shafi et al. 2019). CLE application reduced free pro-
line content in stressed seedlings, suggesting a role 
for CLE in alleviating the detrimental effects of salt 
stress. The observations obtained provide evidence 
that the aqueous extract of Cassia javanica leaves, 
when applied as a foliar spray, has the potential to 
serve as a sustainable, green source of antioxidants 
that stimulate plant growth by mitigating the adverse 
effects of salinity in Java plum seedlings. Cassia ja-
vanica leaf extract not only improved the antioxidant 
system in salt-stressed Java plum but also reduced 
ROS generation and membrane damage, while in-
creasing the levels of important osmoprotectants.

In conclusion, the present study investigated the 
use of Cassia javanica leaf extract as a foliar-ap-
plied biostimulant and evaluated its effectiveness in 
stimulating Java plum seedling growth under saline 
conditions. Foliar application of CLE significantly 
maintained plant fresh and dry weights in salted 
seedlings by 34.6% and 33%, respectively, compared 
with salt-treated seedlings. The results indicated 
a potential ameliorative effect of CLE under salt 
stress, as evidenced by increased enzymatic and 
non-enzymatic antioxidant activity, reduced ROS 
generation, increased accumulation of osmoprotect-
ants, and improved nutrient homeostasis in seedling 
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leaves. Aqueous leaf extract of Cassia javanica can 
be further developed as an effective biostimulant, 
pending additional studies across different crops 
and under varying stress conditions.
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