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Abstract |Utilising algal extracts as biostimulants presents a sustainable approach to enhancing plant
growth and development. This study investigates the biostimulatory effects of Spirulina platensis and Sargas-
sum polycystum extracts on the growth, development and morphological traits of wax apple seedlings. One
month after transplanting, seedlings were foliar sprayed once per week for eight weeks with algal extracts
at concentrations of 0% (control), 2.5%, 5.0%, and 10.0%, as well as a combined treatment of 5.0% (1:1)
from both extracts. T6 (10.0% S. polycystum extract) exhibited the greatest fresh and dry weight increase
by 55.93% and 51.76%, respectively. In contrast, moisture content was highest in the T3 (10.0% . platen-
sis extract) treatment (19.99%). T3 also showed the highest increase of plant height (19.17%), leaf height
(266.67%), leaf number (379.28%), and stem diameter (142.79%) compared to control. At the same time,
the combined treatment, T7 (5.0% S. polycystum + 8. platensis extract), resulted in the largest leaf area, with
a 31.66% enhancement. Additionally, the bud and flower formation was observed faster in T3 (30.33 and
19.00 days) and T6 treatments (32.33 and 20 days) while achieving the highest bud and flower numbers.
Growth analysis revealed substantial effects of algal extracts on wax apple absolute growth rate (AGR), with
T3 achieving a 472.79%, 428.01%, 230.69%, and 328.57% increase, respectively, in AGR of leaf number,
leaf area, leaf weight, and plant height. T3 and T6 also recorded the highest relative growth rate (RGR)
(0.080 and 0.074 g g day’, respectively). At the same time, specific leaf weight (SLW) improved to
0.016-0.017 g cm™ under higher concentrations while reducing the specific leaf area (SLA). These results
highlight the significant ability of S. platensis and S. polycystum extracts as eco-friendly biostimulants for
improving the growth, development, and morphological characteristics of wax apple seedlings, offering a prom-
ising solution for improving crop productivity while supporting environmental sustainability in agriculture.
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Introduction

he wax apple (Syzygium samarangense), a sweet

and crisp tropical fruit, has become a significant
crop in Southeast Asia, with Indonesia, Thailand, and
Vietnam among the leading producers, collectively
yielding over 1.3 million tonnes annually (Shi ez a/.,
2008). This fruit, valued for its high vitamin C con-
tent and antioxidant properties, contributes to food
security and economic development (Shamsudin ez
al., 2012). However, its cultivation faces numerous
biotic and abiotic challenges, such as pests, diseases,
drought, and temperature fluctuations, which impede
growth, productivity, and consistent quality. Efforts
to address these constraints, including adopting in-
novative approaches like agricultural techniques, aim
to enhance sustainability and efficiency in produc-
tion. Despite its potential, achieving stable yields and
quality remains a key challenge for the sustainable
cultivation of wax apples (Shamsudin ez a/., 2012).
Applying mineral fertilisers has historically been a
crucial strategy to counteract nutrient depletion and
thus enhance yields. It is estimated that fertiliser us-
age contributed to a minimum 50% increase in crop
yield throughout the 20th century (Choudhary ez al.,
2021). The reliance on chemical fertilisers, while ef-
fective in boosting growth (Wang ez a/., 2021), has
raised concerns due to its long-term impacts on
soil health, environmental pollution, and food safe-
ty through heavy metal contamination, acidification,
and increased soil salinity (Das ez al., 2023; Levarity
and Gustave, 2024).

As agriculture transitions to sustainability, there is an
urgent demand for environmentally friendly solutions
to improve crop output without detrimental effects
on the ecosystem. Natural biostimulants derived from
plants, microbes,and algae offer a promising approach.
These non-toxic substances improve plant growth,
optimise nutrient use, and strengthen resilience
against environmental stresses (Halshoy and Sadik,
2024). Seaweed and algal extracts are particularly val-
uable due to their rich bioactive compounds essential
for plant development and productivity (Chan ez a.,
2022). As reported by the Food and Agriculture Or-
ganization (FAQO), global algal production has grown
nearly threefold over the past 20 years, expanding
from 118,000 tons in 2001 to approximately 358,200
tons in 2019, reflecting remarkable progress in algal
cultivation worldwide (Cai ez al., 2021; FAO, 2021).

Beyond their role as food and industrial resources,

algae are emerging as crucial biostimulants, contrib-
uting significantly to sustainable agriculture and the
bioindustry by enhancing crop yields and supporting
economic growth.

Algal compositions are abundant in bioactive mol-
ecules, including phytohormones, amino acids, vi-
tamins, and polysaccharides, making them highly
effective in enhancing plant health and yield by stim-
ulating root growth, improving nutrient absorption,
and increasing photosynthetic efficiency (Abbas e al.,
2020; Mishra ez al., 2020). Among the most studied
species, Sargassum polycystum (brown macroalga) and
Spirulina platensis (cyanobacterium) are recognised
for their nutrient-dense profiles and growth-promot-
ing effects in various crops (Abd Tahar ez al., 2024
Ammar et al., 2022).

Sargassum polycystum, a brown macroalga rich in pol-
ysaccharides, polyphenols, and minerals, enhances
plant nutrient uptake and stress tolerance. Its extracts
have proven effective in boosting plant growth and
productivity across various crops. For instance, a 20%
foliar application on Tadong rice increased growth
and yields by 5.73-44.11%, offering a sustainable
solution to low yields (Abd Tahar ez a/., 2024). In
Vicia faba and Helianthus annuus, Sargassum polycys-
tum extract improved germination, photosynthetic
efficiency, nutrient uptake, and biochemical traits like
phenolics and flavonoids (Mohammed e al., 2023).
Furthermore, research on tomatoes revealed that
Sargassum extracts promote vegetative growth, en-
hancing plant height, root length, flowering, and fruit
weight (Fatimah and Daud, 2018). These results show
that Sargassum extracts could be used as natural bi-
ostimulants to support sustainable farming and boost

food yields.

Spirulina, renowned for its high nutritional content,
has long been utilised as a dietary supplement due to
its health benefits. Enriched with proteins, vitamins,
minerals, and antioxidants, Spirulina has also gained
attention in agriculture for its ability to enhance soil
fertility and boost plant growth (Karkos ez a/., 2011).
Its bioactive compounds significantly facilitate es-
sential physiological processes in plants, improving
root elongation, shoot development, and biomass
production (Shaari ez al., 2023). A study on Spirulina
platensis has shown its effectiveness in enhancing the
growth and productivity of tomato plants due to its
nutrient-dense composition and bioactive character-
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istics (Mostafa ez a/.,2023). This finding highlights its

potential as a sustainable biostimulant for agriculture.

Despite the proven benefits of algae-derived biostim-
ulants in promoting plant growth, their application
in wax apple (Syzygium samarangense) cultivation
remains underexplored. Most studies have focused
on staple crops, leaving a critical research gap for
high-value fruits like wax apple. Thus, this study in-
vestigated the influence of Sargassum polycystum and
Spirulina platensis extracts on the morphological and
physiological development of wax apple seedlings.
Through weekly foliar applications for eight weeks,
the study hypothesises improved nutrient uptake, en-
hanced photosynthesis, and stimulated leaf and shoot
development. This research aimed to demonstrate
the positive influence in wax apple seedling’s growth,
development and morphological characteristics by
validating the efficacy of these algal extracts as nat-
ural biostimulants. Additionally, the findings will be
one of sustainable alternatives to chemical fertilisers.
'These measures enhance crop health and productivity,
promote soil fertility, and mitigate the environmental
impact of agricultural activities (Chabili ez a/., 2024).

Material and Methods

Algal collection and identification

S. polycystum was harvested during low tide from
Blue Lagoon, Port Dickson, Malaysia (2°24'56.5" N,
101°51'17.5" E). The thalli were rinsed with seawa-
ter to remove impurities, packed in polyethylene bags
with slush ice, and transported to the laboratory. Spe-
cies identity was confirmed based on morphological
traits following Yip ez al. (2018). 8. platensis was ob-
tained from Algaeliving SDN. BHD. and cultured in
Zarrouk’s medium at 25°C under continuous illumi-
nation (1020 lux) with aeration. The pH was adjusted
to pH 8, and optical density at 730 nm was used to
measure growth as described by Sivalingam (2020).
Biomass was extracted after one month using cen-
trifugation at 5000 rpm and subsequently sun-dried
under a glass cover for four hours. The §. platensis
biomass was stored at -18°C for further experiment

(Figure 1).

Algae extraction

'The preparation of algal extracts involved air-drying
fresh algal samples at a temperature of 20°C to main-
tain uniformity for further processing. Based on a

modified protocol from Pise and Sabale (2010), 50 g

of dried algae biomass was combined with 500 mL of
distilled water in a 1 L flask. The mixture was heated
to 70°C and continuously stirred for two hours using
a hot plate stirrer to extract bioactive compounds. Af-
ter heating, the solution was centrifuged at 4000 rpm
for 10 minutes to separate solid residues, followed by
vacuum filtration to obtain a clear and uniform ex-
tract. The filtrate’s pH and colour were recorded for
characterisation. The resulting solution was designat-
ed a 100% concentrated extract, which was subse-
quently diluted to the required concentrations for the
experimental treatments.

i ——  Leaf: linear to lanceolate

Vesicle : dense, spherical and ovoid
Stem : cylindrical and muricated

Thallus : leaf, vesicles, stem

© @

Figure 1: The images of algae used for the experiment.
(a) Sargassum polycystum collected in Blue Lagoon, Port
Dickson, (b) morphological detail of Sargassum polycys-
tum, (c) Spirulina platensis obtained from AlgaeLiving
and (d) cultured Spirulina platensis in Zarrouk’s medium.

Experimental design and plantation

The study was conducted at the Faculty of Biore-
sources and Food Industry shade house, Universi-
ti Sultan Zainal Abidin (UniSZA), Besut Campus,
Terengganu, Malaysia. Wax apple seedlings propa-
gated via air layering were selected after two months,
with forty uniform-sized cuttings transplanted into
polybags. Soil for planting was sourced from an agri-
cultural farm in Jerteh, Terengganu, and prepared by
air-drying and sieving through a 2 mm mesh to en-
sure uniformity. Key soil properties included a pH of
6.2, 0.15% nitrogen, 1.50% carbon, 21 mg/kg phos-
phorus, a cation exchange capacity (CEC) of 10.8
cmol (+)/kg, and base cation levels of 2.2, 1.50, and
1.05 cmol (+)/kg for potassium, calcium, and mag-
nesium, respectively. The soil’s textural composition
was 35.8% coarse sand, 10.1% fine sand, 40.0% clay,
and 12.5% silt, deemed suitable for plant growth. The
shade house provided partial sunlight exposure, with
light intensity ranging from 600-1000 pmol photons

m~ 57! during the day. One month after transplant-
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ing, the seedlings received weekly foliar treatments
for two months with a total of eight sprays at 0%,
2.5%,5.0%, and 10.0% of S. polycystum and §. platensis
extracts and a 1:1 combined treatment (5.0% each)
(Table 1). Each treatment, including a 100 mL foliar
spray, was manually applied to the seedlings, with un-
treated plants as the control group. The experiment
followed a Randomized Complete Block Design
(RCBD) with five replicates per treatment, ensuring
robust experimental results (Table 1).

Table 1: 7he design of experiments to examine the effects
of S. polycystum and §. platensis extracts on wax apple

seedlings.

Treatment  Description

TO 0 % extracts

T1 2.5% 8. platensis extracts

T2 5.0% S. platensis extracts

T3 10.0% 8. platensis extracts

T4 2.5% S. polycystum extracts

T5 5.0% 8. polycystum extracts

Té6 10.0% 8. polycystum extracts

T7 5.0% 8. platensis + 8. polycystum extracts

Growth characteristics

'The height of the leaf was determined by determining
the distance from the soil surface to the node con-
nected with the leaf. The fresh weight (FW) of wax
apple leaf was weighed using an electronic balance.
Following two days of oven drying at 80 °C, the leaf’s
dry weight (DW) was determined using the identical
balance. The leaf moisture content was calculated us-
ing the following formula;

ww — wd
Leaf moisture content (%) = % 100

Where;
ww: Leaf’s wet weight; Wd: Dry weight.

Morphological parameters

Algal extracts from §. platensis and S. polycystum were
investigated for their influence on the morphological
and growth traits of wax apple seedlings. The study
commenced in March 2021, and treatments were ap-
plied for two months. Morpho-physiological param-
eters were measured at one-month intervals, totalling

Leaf area =Leaf length x Mean leaf width

Stem diameter was measured using a vernier calliper
for accuracy, ensuring consistent measurement across
all samples. Meanwhile, the leaf number per seedling
was manually counted and recorded.

Bud and flower formation

'The reproductive growth of wax apple seedlings was
evaluated by tracking bud and flower formation. The
duration till bud formation was measured as the
number of days from the initiation of treatment to
the emergence of a discernible swelling at leaf axils
or nodes, as assessed through daily visual inspections.
For flower formation, the number of days from the
first observed bud to the emergence of the first flow-
er with visible petals was recorded. Flower formation
was confirmed by the presence of a fully developed
flower. Daily observations documented the transi-
tions from bud initiation to flower emergence, pro-
viding insights into reproductive development.

Growth analysis

'The Specific Leaf Area (SLA) was determined to as-
sess leaf expansion and thickness across treatments.
Fully developed, mature leaves were selected from
each treatment group and excised for measurement.
Fresh leaf was collected and measured for leaf area. A
constant dry weight was achieved by drying the leaf
in an oven at 80°C for 48 hours. SLA was calculated
and interpreted in cm®g? (Kvet £ al., 1971) using the
following equation.

Leaf area

Spesific Leaf Area (5LA) =
pesif f (SL4) Leaf dryweight

'The Specific Leaf Weight (SLW) was assessed to de-
termine leaf density and thickness changes resulting
from algal extract treatments. Fully expanded, mature
leaves were sampled from each treatment group, and
their leaf area was measured. Next, the leaves were
dried for 48 hours at 80°C to maintain a consistent
dry weight. To determine SLW, the dry weight was
divided by the appropriate leaf area. The findings were
then presented as g cm™., following the method de-
scribed by Pearce ez a/. (1968).

Leaf dry weight

Spesific Leaf Weight (SLW) =

two observations. The plant height of each seedling Leaf area
was measured using a meter tape for precise assess-

ment. Leaf area was calculated using the formula:
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To compare biomass formation rates in wax apple
seedlings among treatments, the Relative Growth
Rate (RGR) was computed accordingly. The seed-
lings’ starting and ending dry weights were noted at
the start and end of the experiment, corresponding-
ly. RGR was determined and expressed in g g™ day™
(Tylova-Munzarova e# al., 2005) using the formula:

Final DW — Initial DW 1

Relative Growth Rate (RGR) = X
Initial DW

Time interval,:ﬂ,m,_i,mm)
The Leaf Area Index (LAI) was determined to eval-
uate the canopy density and leaf distribution across
treatments. The total leaves number was recorded and
multiplied by individual leaf area to identify the to-
tal leaf area of the plant. The ground area was calcu-
lated based on the planting space allocated to each
seedling. The value of the total leaf area and ground
were substituted in the following equation (Williams,

1946) to determine LAI.

Total leaf area of plant
Leaf Area Index = f Ip

Ground area occupied by plant

The Absolute Growth Rate (AGR) was determined
to measure biomass accumulation in wax apple seed-
lings throughout the experimental period for all treat-

ments. This was achieved by recording the seedlings’

dry weights at the beginning and termination of the
study. AGR was calculated using the formula:

Final DW — Initial DW

Time interval

Absolute Growth Rate (AGR) =

(Final— initial)

Statistical Analysis

The experiment followed a Randomized Complete
Block Design (RCBD) with five replications for each
treatment. Data analysis was conducted using SPSS-
17 software, employing two-way ANOVA to deter-
mine significant differences among the parameters.
Tukey’s HSD test was used for pairwise comparisons
of the effects of varying algal extract concentrations,
with a significance threshold set at p = 0.05.

Results

Growth characteristics

Figure 2 illustrates the effects of algal extracts on the
fresh weight (FW), dry weight (DW), and mois-
ture content of wax apple leaves. Increasing extract

concentrations significantly boosted FW and DW,

with the highest values recorded in the T6 (10.0% S.
polycystum) treatment, showing 55.93% and 51.76%
increases, respectively. T4 and T'5 (2.5% and 5.0% .
polycystum respectively) also demonstrated notable
improvements, with FW increases of 32.63% and
43.22% and DW increases of 24.71% and 45.88%,
respectively. While treatments with 2.5%, 5.0% and
10.0% 8. platensis (T1,'T2, and T3) exhibited smaller
gains, they still surpassed the control, with FW in-
creases ranging from 11.44% to 23.31% and DW in-
creases from 11.76% to 23.53%. The combined treat-
ment, 5.0% 8. polycystum + . platensis extract (T7)
significantly enhanced FW by 30.08%, though its
4.71% increase in DW was not statistically significant.

For moisture content, T3 showed the highest im-
provement with a 19.99% increase over the con-
trol, followed by T2 (12.42%), T7 (9.58%), and T5
(7.65%), while T1 and T6 showed minimal gains
(1.29% and 0.26%, respectively). Except for T3, dif-
ferences in moisture content were not statistically
significant. These results underscore the potential of
higher concentrations, particularly S. polycystum treat-
ments, to enhance FW, DW, and moisture content in

wax apple leaves. (Figure 2).
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Figure 2: The fresh weight (green line), dry weight (red
line) and moisture content (blue line) of wax apple leaf
after being treated with algal extracts at different concen-
trations. Repeated letters did not exhibit a significant dif-
ference in values (n = 5) at p < 0.05. A standard error of
[frve replicates is represented by the error bars. Treatments
are as detailed in Tuble 1.

Morphological parameters

Figure 3 presents the wax apple seedlings after treat-
ments with S. platensis and S. polycystum extracts
(T0-T7). A linear correlation was observed be-
tween algal extract concentrations and plant height.
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Table 2: 7he plant height, leaf height, leaf area, leaf number and stem diameter of wax apple seedlings after algal

extract treatment.

Treatment Plant height (cm) Leaf height (cm) Leaf area (cm?) Leaf number/plant Stem diameter (cm)
TO 60.00+1.41c 7.62+0.29¢ 63.46+1.94d 74.00+3.46¢ 2.08+0.19d

T1 61.00+3.19¢ 15.24+0.58cd 67.08+3.11bcd 100.33+2.60c 2.38+0.03cd

T2 69.25+4.15ab 12.25+0.60d 64.75+8.2cd 134.00+9.45b 2.98+0.16bc

T3 71.50+2.60a 27.95+1.53a 82.27+14.49ab 354.67+20.50a 5.05+0.45a

T4 66.00+11.45b 20.35+1.15b 60.63+3.44d 152.33+7.22b 2.75+0.28bcd

T5 67.25+4.71b 17.75+0.58b 72.42+2 34abcd  187.006.51c 3.25+0.30b

Té6 68.50+1.71ab 26.25+0.88a 80.31+2.97abc 323.00+14.43a 4.45+0.28a

T7 67.00£9.02b 20.35+1.15b 83.52+5.66a 134.00+13.45b 2.47+0.25bcd

Repeated letters did not exhibit a significant difference in values (n = 5) at p < 0.05. A standard error of five replicates

is represented by the error bars. Treatments are as detailed in Table 1.

Table 2 shows that, except for T1 (2.5% §. platensis),
all treatments substantially enhanced plant height
in comparison to the control. The highest plant
height was recorded in T3 (10.0% S§. platensis), with
a 19.17% increase over the control, followed by T2
(5.0% 8. platensis) (15.42%), T6 (10.0% S. polycystum)
(14.17%),T5 (5.0% 8. polycystum) (12.08%),T7 (5.0%
S. polycystum + 8. platensis) (11.67%), T4 (2.5% §. pol-
yeystum) (10.00%), and T1 (1.67%).

Similarly, leaf number showed a positive correlation
with algal extract concentrations. T3 recorded the
highest increase at 379.28% over the control, with
other treatments also showing significant increas-
es, T6 (336.49%), T5 (152.70%), T4 (105.85%), T2
and T7 (81.08%), and T1 (35.14%). For leaf area,
the most significant increase was observed in T7
(31.66%), followed by T3 (29.61%) and T6 (26.55%).
Other treatments also showed an increment, includ-
ing T'5 (14.11%) and T2 (2.03%), while T4 decreased
leaf area by 4.46% compared to the control. These
findings emphasise the effectiveness of higher algal
extract doses, particularly 10.0% of S. platensis and
S. polycystum, in enhancing the growth parameters of
wax apple seedlings.

Significant variations in leaf height were observed
across treatments, with the highest increase recorded
in'T3, showing a remarkable 266.67% increase over TO
(Table 2).T6 followed closely with a 244.33% increase,
while T2 showed a 161.00% improvement. Treat-
ments T4, T7,and T5 also significantly enhanced leaf
height by 166.67%, 166.67%, and 133.33%, respec-
tively. T1 exhibited the smallest increase at 100.00%,
effectively doubling the control’s value. These results
highlight those higher concentrations, particularly
in T3 and T6, were most effective in enhancing leaf

height. Likewise, stem diameter responded positively
to the treatments, with T3 showing the most remark-
able improvement of 142.79% over the control (Ta-
ble 2). Substantial increases were also observed in T'6
(113.46%), T2 (43.27%), T5 (56.73%), T4 (32.21%),
and T7 (18.75%). These findings confirm that high-
er treatment concentrations, especially in T3 and T6,
were the most effective in promoting leaf height and

stem diameter growth. (Table 2 and Figure 2).

Bud and flower formation

The results showed significant differences in bud and
flower formation of wax apple seedlings when treated
with algal extracts, as shown in Table 3. The control
(T0) had the longest bud formation time (46.67+0.88
days) and the lowest bud number (6.00+0.58), while
T3 (10.0% S. platensis) and T6 (10.0% S. polycystum)
had the shortest bud formation times (30.33+0.33
and 32.33+1.45 days) and the highest bud numbers
(12.00+1.15 and 11.00£1.53). Following this, T2
(5.0% 8. platensis), T5 (5.0% S. polycystum), and T7
(5.0% 8. polycystum + S. platensis) also improved bud

formation duration and count.

For flower formation, T3 achieved the shortest dura-
tion (19.00+2.52 days) and the highest flower num-
ber (9.00£1.15), followed by T6 (20.00+0.58 days,
8.67+0.88 flowers). In contrast, the control had the
longest time to flowering (28.67+2.33 days) and the
fewest flowers (2.67+0.33). Treatments T2, T'5, and
T7 showed moderate improvements, while T4 (2.5%
S. polycystum) exhibited delayed flowering (26.33+0.88
days) and a lower flower count (3.00£1.00). Conclu-
sively, T3 and T6 were the most effective in enhanc-
ing bud and flower development in wax apple seed-

lings. (Table 3).
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Table 3: 7he buds and flowers formation and their number after the introduction of various concentrations of algal

extracts.

Treatment Bud formation (days) Number of buds Flower formation (days) Number of flowers
TO 46.67+0.88a 6.00+0.58¢c 28.67+2.33a 2.67+0.33d

T1 41.67+1.45b 6.3321.20c 25.67+2.19abc 3.3320.33cd

T2 36.33+0.88¢c 7.67+1.45¢ 22.33+0.67bcd 5.0020.58bc

T3 30.33+0.33d 12.00+1.152a 19.00+2.52d 9.00£1.15a

T4 36.33+0.33¢ 5.67+1.20c 26.33+0.88ab 3.00+1.00cd

TS5 37.67+0.88¢ 7.33+0.33¢ 26.00+1.53ab 4.67+0.67bcd

Té6 32.33+1.45d 11.00+1.53ab 20.00+0.58cd 8.67+0.88a

T7 36.33+0.88¢ 8.33+0.67bc 21.33+0.88bcd 6.33+0.33b

Repeated letters did not exhibit a significant difference in values (n = 5) at p < 0.05. A standard error of five replicates

is represented by the error bars. Treatments are as detailed in Table 1.

Figure 3: The images of wax apple seedlings after treatment of S. platensis and §. polycystum extracts. Treatments are
as detailed in Table 1.
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Figure 4: The growth analysis of leaf of wax apple, (a) RGR, (b) SLW, (¢) SLA and (d) LAL after exposure to differ-
ent concentrations of S. platensis and S. polycystum extracts. Repeated letters did not exhibit a significant difference in
values (n = 5) at p < 0.05. A standard error of frve replicates is represented by the error bars. Treatments are as detailed

in Table 1.

Growth analysis

Calculations of relative growth rate (RGR), specif-
ic leaf weight (SLW), specific leaf area (SLA), and
leaf area index (LAI) revealed significant influences
of algal extracts on wax apple leaves, as depicted in
Figure 4. For RGR, T3 (10.0% §. platensis) (0.080 g
g ' day ') and T6 (10.0% S. polycystum) (0.074 g g*
day™) showed the highest values relative to the con-
trol, with no significant difference observed between
them (Figure 4a). T4 (2.5% S. polycystum) (0.062 g
g ' day™") and T5 (5.0% S. polycystum) (0.065 g g™*
day™) also exhibited notable effects, while T1 (2.5%
8. platensis), T2 (5.0% . platensis), and T7 (5.0% §.
polycystum + 8. platensis) were not significantly dif-
ferent from the control. SLW results (Figure 4b) in-
dicated significant improvements in T3, T4, T5 and
T6 compared to the control. T3 and T6 shared the
same value (0.016 g cm™), while T4 and T'5 record-
ed 0.017 g cm™ each, with no substantial differences
among these treatments. These findings suggest that a

higher concentration of §. platensis (10.0%) eftectively
increased SLW, while S. po/ycystum extracts influenced
SLW across all concentrations.

For SLA (Figure 4c), T7 achieved the highest value
(95.89 cm? g'), followed by T3 (76.70 cm® g™') and
T1 (72.97 cm? g™) over the control. T2, T4, T5, and
T6 showed lower SLA values than the control, but
the differences were not statistically significant, indi-
cating that SLA was less influenced by the treatments.
LAT analysis (Figure 4d) showed substantial enhance-
ments with algal extract treatments. T3 (1.60) and T6
(1.25) achieved the highest LAI, demonstrating sig-
nificant improvements in canopy development. The
combined treatment, T7 (0.78), also contributed to
LAI improvement but was less effective than T3 and
T6. Lower-concentration treatments (11, T2,T4,and
T5) showed improvements without significant dif-
ferences from the control. These results indicate that

higher doses of algal extracts, especially in T3 and T6,
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are most effective in enhancing LAI, promoting light
interception and overall plant growth. (Figure 4).

In the study of plant growth, Absolute Growth Rate
(AGR) is a key metric to measure changes in plant
biomass over time, capturing the effects of different
treatments on growth dynamics. The findings revealed
a linear correlation between algal extract concentra-
tions and AGR for leaf weight, area, number, and
plant height, as illustrated in Figure 5. For leaf weight
AGR, the most significant increases were recorded
in T3 (230.69%) and T6 (213.47%) compared to the
control (T0). Other treatments showed notable, albeit
smaller, improvements: T5 (133.47%), T4 (100.40%),
T1 (70.30%), T7 (66.73%), and T2 (44.16%). How-
ever, T2 did not significantly differ from the control
(Figure 5a). These findings suggest that higher con-
centrations of algal extracts significantly enhance leaf
weight growth, with the most pronounced effects
seen in T3 and T6.

Leaf area AGR followed a similar trend, with T3

demonstrating the highest increase (428.01%) over
the control. Other notable treatments included T6
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(272.04%), T7 (190.38%), T2 (187.92%), and T5
(184.79%), as shown in Figure 5b.T1 and T4 did not
show significant effects on leaf area AGR. These re-
sults highlight that lower concentrations of algal ex-
tracts have limited effects, whereas higher concentra-
tions yield substantial improvements. For leaf number
AGR, T3 again stood out with the greatest increase
(472.79%), followed by T6 (384.56%), T2 (96.32%),
and T4 (67.65%). This pattern underscores the po-
tent effect of T3 and T6 treatments on stimulating
leaf production. Regarding to plant height AGR, T3
achieved the highest increase (328.57%) compared to
the control, as shown in Figure 5¢.T'5 (271.43%) and
T6 (264.29%) also demonstrated significant enhance-
ments. Lower concentrations exhibited minor effects,
indicating a dose-dependent response. In summary,
the study confirms that higher concentrations of algal
extracts, particularly in T3 and T6 treatments, signifi-
cantly enhance AGR for various plant growth param-
eters, including leaf weight, leaf area, leat number, and
plant height. These results emphasised the potential
of algal extracts as effective growth promoters in wax
apple cultivation (Figure 5).
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Figure 5: AGR of (a) leaf weight, (b) leaf area, (c) leaf number and (d) plant height of wax apple seedling after expo-
sure to different concentrations of S. platensis and S. polycystum extracts. Repeated letters did not exhibit a significant
difference in values (n = 5) at p < 0.05. A standard error of five replicates is represented by the error bars. Treatments
are as detailed in Table 1.
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Discussion

Growth characteristics

Results showed that algal extracts significantly af-
tected wax apple’s leaf moisture content, dry weight
(DW), and fresh weight (FW), which may enhance
plant biomass and water retention. The 10.0% S. poly-
cystum extract treatment increased the FW over con-
trol, which aligns with previous research that attrib-
utes such improvements to the bioactive compounds
in algal extracts, including phytohormones, polysac-
charides, and micronutrients (Michalak ef a/., 2016).
In various studies, algal extracts have consistently
demonstrated positive effects on plant growth char-
acteristics. For example, extracts from Nostoc calcicole
and Anabaena vaginicola significantly increased the
FW and DW of tomato, squash, and cucumber leaves
(Solomon ez al., 2023), while Cenedesmus quadricauda
extracts enhanced the FW and DW of lettuce seed-
lings (Puglisi ez a/., 2020). Furthermore, extracts from
Ulva lactuva and Ascophyllum nodosum increased the
FW and DW of wheat (7riticum aestivum) and ama-
ranth (Amaranthus tricolor), respectively (Carillo ez al.,
2020). Ascophyllum nodosum has also improved water
retention in olive plants under water stress, enhanc-
ing their water-holding capacity (Dias ez al., 2024). It
has been suggested that algal extracts stimulate carot-
enoid and chlorophyll pigment biosynthesis, which
likely increases photosynthetic activity and contrib-
utes to the enhanced FW and DW of plants (Chi-
aiese ez al.,2018). Additionally, the growth promoting
substances and bioactive compounds found in algal
extracts, including phytohormones, polysaccharides,
and micronutrients, play a critical role in improving
plant growth. These compounds stimulate cell divi-
sion and expansion, which help increase leaf biomass
and promote better overall growth and development
of plant tissues (Parmar e# a/., 2023). It has been also
reported that the growth promoting chemicals and
plant growth regulators improved the plant growth
and development (Jamaludin ez a/., 2020; Khandaker
et al.,2018).

Morphological parameters

'The present study found a significant positive corre-
lation between the concentration of algal extracts and
various growth parameters of wax apple seedlings, in-
cluding plant height, leaf number, leaf area, and stem
diameter. The higher doses, particularly 10.0% §. p/az-
ensis and 10.0% §. polycystum, showed the most no-
ticeable improvements, suggesting that algal extracts

can effectively promote plant growth. This outcome
highlights the potential of algal extracts as a tool for
enhancing agricultural productivity. Similar findings
have been reported in other studies, where algal ex-
tracts, such as those from 8. platensis, Ascophyllum no-
dosum, and Chlorella vulgaris, significantly improved
plant growth in various crops. For instance, S. platen-
sis, Ascophyllum nodosum, and Baltic green macroalgae
enhanced crop height in winter wheat (Michalak ez
al., 2016), while Aphanothece sp., Chlorella ellipsoidea,
and Scenedesmus obliquus promoted plant height and
leaf number in tomatoes (Mutale-Joan e al., 2020).
Ascophyllum nodosum extracts also improved plant
height, leaf number, and stem diameter in Amaranthus
tricolour (Carillo ez al., 2020), and §. platensis extracts
enhanced growth and yield in Lupinus luteus ata 0.25%
concentration (Shedeed ez a/.,2022). Additionally, ex-
tracts from S. platensis and Chlorella vulgaris increased
plant height and leaf area in tomatoes after 45 days of
treatment (Mostafa ez a/., 2023), while foliar sprays of
Chlorella vulgaris, Nannochloropsis salina, and Arthros-
pira platensis promoted plant height, leaf area, and
root length in common beans (Gharib ez al., 2024).

These effects are likely attributed to the presence of
phytohormones such as gibberellins, auxins, and cy-
tokinins, which promote cell division and elongation,
thereby accelerating plant growth (Hamouda ez a/.,
2022). Algal extracts mimic or enhance the plant’s
natural hormonal balance, boosting growth responses
(Rathod ez al.,2023). Additionally, they are rich in es-
sential macronutrients like nitrogen (N), phosphorus
(P), and potassium (K), as well as micronutrients such
as iron, manganese, and zinc, which are vital for en-
zymatic processes and overall plant metabolism (Ca-
rillo ez al., 2020; Michalak ez al., 2016). The synergis-
tic action of these bioactive compounds significantly
enhances plant vigour and growth. Khandaker ez a/.
(2017) also reported that the macro and micro-nutri-
ents of organic fertilisers may be responsible for high-
er plant growth and development.

Bud and flower formation

'The introduction of algal extracts from §. platensis
and S. polycystum has significantly reduced the time
needed for bud and flower development. Higher dos-
es, such as 10.0% §. platensis and 10.0% S. polycystum
significantly accelerated bud and flower production
compared to smaller doses and the control. While
research on the impact of algae extracts on bud and
flower formation is limited, the findings of this study
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suggest promising results. The budding and flowering
phases are crucial for fruit set and overall fruit yield.
Gene Albrigo and Galdn Satco (2002) highlighted
that the yield of fruit tree crops is primarily deter-
mined by the flowering intensity and subsequent fruit
set. The processes involved in flowering, such as bud
induction and differentiation, are closely linked to the
number of flowers that can develop into fruits. There-
fore, an intense flowering phase is essential for max-
imising fruit production (Gene Albrigo and Galdn
Satco, 2002). In line with this, Ascophyllum nodosum
extracts have been shown to enhance fruit set, yield,
and quality in winter guava (Psidium guajava L.) (Ali
et al.,2021).

Additionally, extracts from Hypnea cornuta, Ulva
ohnoi, and Sargassum muticum significantly increased
the number of flowers and their longevity in Mam-
millaria prolifera (Prisa and Spagnuolo, 2022). A
study on Freesia hybrid L. demonstrated that seaweed
extracts promoted growth and flowering in treated
plants (Al-Karimjassim ez a/., 2019). These findings
suggest that algae can enhance plant growth by in-
fluencing mineral concentrations in tissues, increas-
ing flower output, and improving overall plant qual-
ity (Tarraf ez al., 2015). Plant hormones are bioactive
compounds that are found in algae. These hormones
play an essential part in the growth and development
of plants. However, their concentrations are often too
low to be detected using standard analytical instru-
ments (Rathod ez a/., 2023). Prisa and Spagnuolo,
(2022) noted that some algal extracts contain trace
amounts of ethylene precursors, which can stimulate
flowering and fruit development in plants.

Growth analysis

An enhanced RGR is directly associated with im-
proved nutritional status, as better nutrient availabil-
ity fuels metabolic processes, boosts photosynthetic
activity, and promotes biomass accumulation (Gent,
2017). In this study, the RGR of wax apple leaves
demonstrated significant improvements with the ap-
plication of algal extracts, particularly in T3 (10.0%3.
platensis) and T6 (10.0%S. polycystum) treatments.
'The foliar applications of algae extract increased the
RGR of Solanum quitoense cv. Septentrionale. Anoth-
er study employed Chlorella vulgaris and Scenedesmus
quadricauda extracts, which successfully increased
the RGR value in lettuce (Lactuca sativa) (Santoro
et al., 2023). This study discovered that the biological
pathways responsible for improving RGR were ‘bio-

synthesis of amino acids’ and ‘plant hormone signal
transduction, signifying that algal extract plays a cru-
cial role in causing a profound rearrangement of hor-
mone biosynthesis pathways (Santoro ez a/., 2023).
Chlorella vulgaris extract also increased the growth
traits, chlorophyll and protein content, stimulating
both primary and secondary metabolic pathways in
the same plant (La Bella e# a/., 2021). The enhanced
growth rates are also highly associated with larger leaf
areas, which improve light capture and increase pho-
tosynthetic activity (Dambreville ez a/., 2015). Larg-
er leaves can absorb more photosynthetically active
radiation (PAR), crucial for maximising carbon gain

(Yang ez al., 2022).

This study found that algal extracts increased specif-
ic leaf weight (SLW) while decreasing particular leaf
area (SLA). Similar results were reported in sweet
pepper by Abdelaziz (2014). An increase in SLW of-
ten corresponds with a decrease in SLA, as thicker
leaves with higher SLW tend to have smaller areas per
unit weight (Fraszczak ez al., 2024). SLW and SLA
are frequently influenced by dry weight and leaf area.
A 50% algal extract in wheat increased dry weight,
contributing to higher biomass and SLW (Michalak
et al., 2016). Algal extract exposure typically enhanc-
es leaf structures, boosting SLW (Diaz-Leguizamén
et al., 2016). Improved leaf structures also enhance
photosynthesis, resulting in larger leaf areas relative
to biomass, as bioactive compounds in algal extracts
improve nutrient uptake and leaf development (Lefi

et al.,2023).

'The leaf area index (LAI) analysis showed significant
improvements with algal extract treatments, particu-
larly T3 and T6, indicating a positive effect on can-
opy development and plant vigour. These treatments
provided optimal conditions for leaf expansion, in-
creasing the photosynthetic surface area. This find-
ing aligns with studies where Chlorella vulgaris and
Nannochloropsis salina enhanced leaf area and chloro-
phyll content, improving light interception and pho-
tosynthetic efficiency (Gharib ez a/., 2024). As Keane
(2019) noted, high LAI is crucial for maximising
light interception and carbon assimilation, leading to
better plant growth and productivity.

'The findings highlight the fundamental role of algal
extracts in promoting plant growth, particularly with
significant increases in absolute growth rate (AGR)
parameters such as leaf weight, leaf area, leaf number,
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and plant height in T3 and T6 treatments. Similar
findings have been reported that algal extracts from
S. platensis and Ascophyllum nodosum positively impact
crop productivity and quality (Michalak ez a/., 2016;
Kang ez al., 2021). In addition, tomato plants treated
with algal extracts exhibited more branches and flow-
ers, indicating improved growth (Kang ez a/., 2021).
Microalgal extracts also promote biostimulant effects,
enhancing plant length, fresh weight, dry weight,
photosynthetic components, and metabolite profiles
in Solanum lycopersicum (Mutale-Joan ez al., 2020).
These extracts are rich in essential nutrients and bio-
active compounds, facilitating better nutrient uptake
and promoting growth (Van Oosten e al., 2017).
Studies also highlighted their role in increasing the
absorption of K, Fe, and Cu in olive plants (Shukla
et al., 2019) and boosting rapeseed (Brassica napus)
growth through enhanced nitrogen and sulphate up-
take (Jannin ez a/l., 2013). Furthermore, algal-derived
polysaccharides contribute significantly to nutrient

availability, directly supporting growth metrics like
AGR (Rachidi ef al.,2021).

Conclusions and Recommendations

'This study highlighted the substantial potential of .
platensis and S. polycystum extracts as effective biostim-
ulants for improving the growth and development of
wax apple seedlings. The application of these algal
extracts, especially at higher concentrations, resulted
in significant enhancements in significant growth pa-
rameters such as plant height, leaf number, stem di-
ameter, and leaf area. Treatments also promoted faster
bud and flower formation, with higher numbers of
buds and flowers observed. Moreover, increases in
Absolute Growth Rate (AGR) and Relative Growth
Rate (RGR) demonstrated enhanced biomass accu-
mulation and overall plant vigour. Improvements in
specific leaf weight (SLW) and reductions in specific
leaf area (SLA) further emphasise the extracts’ pos-
itive impact on leaf structure. These findings rein-
forced the role of algal extracts as eco-friendly alter-
natives to synthetic fertilisers, advancing sustainable
agricultural practices and boosting crop productivity.
This research added to the evidence supporting the
use of biostimulants for sustainable crop production
and environmental conservation.

Acknowledgements

'The authors like to convey their profound appreci-

ation to Universiti Sultan Zainal Abidin (UniSZA)
for their assistance with this research project. The re-
searchers express gratitude to UniSZA for granting
access to their laboratory facilities and research in-
struments, which were crucial for the effective com-
pletion of this study. Their donations of resources and
support were important during the research process.

Novelty Statement

'The study provides novel information on algal extract’s
effects on the vegetative and reproductive growth of
wax apple seedlings.

Author’s Contribution

Md. Tajol Faeiz Md. Tajudin: Experiment conduc-
tion, data curation and analysis, manuscript writing.
Mohammed Moneruzzaman Khandaker: Supervis-
ing, project planning and manuscript editing.

Nurul Elyni Mat Shaari: Data analysis, manuscript
writing and editing.

Nor Hasima Mahmod: Supervising and reviewing of
the manuscript.

Conflict of interest
The authors have declared no conflict of interest.

Reference

Abbas, M., J. Anwar, M. Zafar-ul-Hye, R.IL
Khan, M. Saleem, A.A. Rahi, D. Subhan and
R. Datta. 2020. Effect of seaweed extract on
productivity and quality attributes of four onion
cultivars. Horticulturae, 6 (2): 28. https://doi.
org/10.3390/horticulturae6020028

Abd Tahar, S.Z., N. Surugau, H.S. Eng, W.H. Tan
and L.M. Sam. 2024. Biostimulant effects of
brown seaweed extract (Sargassum polycystum)
on the growth and yield of pigmented upland
rice (Oryza sativa cv Tadong). Trans. Sci.
Technol., 11(2): 51-64. https://tost.unise.org/
pdfs/vol11/no2/ToST-11x2x51-64xOA.pdf

Abdelaziz, M.E. 2014. Specific leaf area, specific
leaf weight, and photosynthetic parameters as
indicators for water stress tolerance of sweet
pepper colonised by Glomus mosseae. Cur. Sci.
Int.,, 3(4): 526-533. https://www.curresweb.
com/csi/csi/2014/526-533.pdf

Ali, M.A., M.M. Harhash, R M. Awad and A. El-

Azeem. 2021. Spraying marine algae extracts

June 2025 | Volume 41 | Issue 2 | Page 549

0o%d

(0SS0 .
9 Links
GResearchers


https://doi.org/10.3390/horticulturae6020028
https://doi.org/10.3390/horticulturae6020028
https://tost.unise.org/pdfs/vol11/no2/ToST-11x2x51-64xOA.pdf
https://tost.unise.org/pdfs/vol11/no2/ToST-11x2x51-64xOA.pdf
https://www.curresweb.com/csi/csi/2014/526-533.pdf
https://www.curresweb.com/csi/csi/2014/526-533.pdf

OPEN aACCESS

Sarhad Journal of Agriculture

and some growth regulators to enhance fruit
set, yield and fruit quality of winter guava. J.
Adv. Agric. Res., 26(4), 319-327. https://doi.
org/10.21608/jalexu.2021.105537.1019

Al-Karimjassim, N.A and I.M. Radhi. 2019. Effect
of agriculture media, bio-fertilizer and seaweed
extract on the growth and flowering of freesia
bulblets Freesia hybrid L. Plant Archives, 19(1),
1465-1475.

Ammar, EE.; A.A. Aioub, A.E. Elesawy, A.M.
Karkour, M.S. Mouhamed and A.A. Amer.
2022. Algae as bio-fertilisers: Between current
situation and future prospective. Saudi J.
Biol. Sci., 29 (5), 3083-3096. https://doi.
0rg/10.1016/j.sjbs.2022.03.020

Cai, J., A. Lovatelli, ]J. Aguilar-Manjarrez, L.
Cornish, L. Dabbadie, A. Desrochers, S. Diffey,
E. Garrido Gamarro, J. Geehan, A. Hurtado,
D. Lucente, G. Mair, W. Miao, P. Potin, C.
Przybyla, M. Reantaso, R. Roubach, M. Tauati
and X. Yuan. 2021. Seaweeds and microalgae:
An overview for unlocking their potential in
global aquaculture development. FAO Fisheries
and Aquaculture Circular, No. 1229. Rome,
FAO.

Carillo, P, L.F. Ciarmiello, P. Woodrow, G. Corrado,
P. Chiaiese and Y. Rouphael. 2020. Enhancing
sustainability by improving plant salt tolerance
through macro-and micro-algal biostimulants.
Biol., 9(9): 253. https://doi.org/10.3390/
biology9090253

Chabili, A., F. Minaoui, Z. Hakkoum, M.
Douma, A. Meddich and M. Loudiki. 2024.
A comprehensive review of microalgae
and cyanobacteria-based biostimulants for
agriculture uses. Plants, 13(2): 159. https://doi.
org/10.3390/plants13020159

Chan, S.S., K.S. Khoo, K.W. Chew, T.C. Ling
and PL. Show. 2022. Recent advances
biodegradation and biosorption of organic
compounds from wastewater: Microalgae-
bacteria consortium-A  review. Bioresour.
Technol.,, 344(Pt A):126159. https://doi.
org/10.1016/j.biortech.2021.126159

Chiaiese, P., G. Corrado, G. Colla, M.C. Kyriacou
and Y. Rouphael. 2018. Renewable sources of
plant biostimulation: Mlicroalgae as a sustainable
means to improve crop performance. Front.
Plant Sci., 9:1782. https://doi.org/10.3389/
fpls.2018.01782

Choudhary, M., V.S. Meena, S.C. Panday, T.

Mondal, R.P. Yadav, P.K. Mishra, J.K. Bisht
and A. Pattanayak. 2021. Long-term effects of
organic manure and inorganic fertilisation on
biological soil quality indicators of soybean-
wheat rotation in the Indian mid-Himalaya.
App. Soil Ecol.,, 157: 103754. https://doi.
org/10.1016/j.apsoil.2020.103754

Dambreville, A., PE. Lauriy F. Normand
and Y. Guédon. 2015. Analysing growth
and development of plants jointly using
developmental growth stages. Ann. Bot., 115(1):
93-105. https://doi.org/10.1093/a0b/mcu227

Das, H., N. Devi, N. Venu and A. Borah. 2023.
Chemical fertiliser and its effects on the
soil environment. In Research and Review
in Agriculture Sciences, Volume-7, Bright
Sky Publications, pp. 31-51. https://www.
researchgate.net/publication/372626886

Dias, M.C., R. Figueiras, M. Sousa, M. Aratjo,
J.M.P.F. de Oliveira, D. C. Pinto and C. Santos.
2024. Ascophyllum nodosum extract improves
olive performance under water deficit through
the modulation of molecular and physiological
processes. Plants, 13(20): 2908. https://doi.
org/10.3390/plants13202908

Diaz-Leguizamén, JJ., O.F. Chingaté-Cruz,
A.D. Sinchez-Reinoso and H. Restrepo-
Diaz. 2016. The effect of foliar applications of
a bio-stimulant derived from algae extract on
the physiological behavior of lulo seedlings
(Solanum quitoense cv. Septentrionale). Ciencia
e InvestigacionAgraria, 43(1): 25-37. https://
doi.org/10.4067/50718-16202016000100003

FAO. 2021. The State of World Fisheries and
Aquaculture 2021. (SOFIA) https://www.
tao.org/publications/home/fao-flagship-
publications

Fatimah, S. and N. Daud. 2018. The effect of
seaweed extract (Sargassum Sp) used as
tertiliser on plant growth of Capsicum annuum
(Chilli) and Lycopersicon Esculentum (Tomato).
Indones. J. Sci. Tech., 3(2): 115-123. https://
doi.org/10.17509/ijost.v3i2.12755

Fraszczak, B., M. Kula-Maximenko and C. Li.
2024. The suitability of algae solution in pea
microgreens cultivation under different light
intensities. Agric., 14(10): 1665. https://doi.
org/10.3390/agriculture14101665

Gene Albrigo, L and V. Galan Sauco. 2002. Flower
bud induction, flowering and fruit-set of some
tropical and subtropical fruit tree crops with

June 2025 | Volume 41 | Issue 2 | Page 550

.0 .
ot Links
GResearchers


https://doi.org/10.21608/jalexu.2021.105537.1019
https://doi.org/10.21608/jalexu.2021.105537.1019
https://doi.org/10.1016/j.sjbs.2022.03.020
https://doi.org/10.1016/j.sjbs.2022.03.020
https://doi.org/10.3390/biology9090253
https://doi.org/10.3390/biology9090253
https://doi.org/10.3390/plants13020159
https://doi.org/10.3390/plants13020159
https://doi.org/10.1016/j.biortech.2021.126159
https://doi.org/10.1016/j.biortech.2021.126159
https://doi.org/10.3389/fpls.2018.01782
https://doi.org/10.3389/fpls.2018.01782
https://doi.org/10.1016/j.apsoil.2020.103754
https://doi.org/10.1016/j.apsoil.2020.103754
https://doi.org/10.1093/aob/mcu227
https://www.researchgate.net/publication/372626886
https://www.researchgate.net/publication/372626886
https://doi.org/10.3390/plants13202908
https://doi.org/10.3390/plants13202908
https://doi.org/10.4067/S0718-16202016000100003
https://doi.org/10.4067/S0718-16202016000100003
https://www.fao.org/publications/home/fao-flagship-publications
https://www.fao.org/publications/home/fao-flagship-publications
https://www.fao.org/publications/home/fao-flagship-publications
https://doi.org/10.17509/ijost.v3i2.12755
https://doi.org/10.17509/ijost.v3i2.12755
https://doi.org/10.3390/agriculture14101665
https://doi.org/10.3390/agriculture14101665

OPEN aACCESS

Sarhad Journal of Agriculture

special reference to citrus. In XX VI International
Horticultural Congress: Citrus and Other
Subtropical and Tropical Fruit Crops: Issues,
Advances and 632 (pp. 81-90). https://doi.
org/10.17660/ActaHortic.2004.632.10

Gent, M. 2017. Factors affecting relative growth
rate of lettuce and spinach in hydroponics in a
greenhouse. Hort. Sci., 52: 1742-1747. https://
doi.org/10.21273/HORTSCI12477-17

Gharib, FA. E.L., K. Osama, A.M.A. Sattar
and E.Z. Ahmed. 2024. Impact of Chlorella
vulgaris, Nannochloropsis salina, and Arthrospira
Pplatensis as bio-stimulants on common bean
plant growth, yield and antioxidant capacity.
Scientific Reports, 14(1): 1398. https://doi.
org/10.1038/541598-023-50040-4

Halshoy, H.S. and S.K. Sadik. 2024. Impact of
training methods and biostimulant applications
on sweet pepper (Capsicum annuum) yield and
nutritional values: Under greenhouse condition.
Hort.  Plant J.,  https://doi.org/10.1016/j.
hpj.2023.06.008

Hamouda, R., M. Shehawy, S. Mohy El Din, F.
Albalwe, H. Albalawi and M. Hussein. 2022.
Protective role of Spirulina platensis liquid
extract against salinity stress effects on 7riticum
aestivum L. Green Processing and Synthesis,
11(1): 648-658. https://doi.org/10.1515/gps-2022-
0065

Jamaludin, R., N. Mat, K. Suryati Mohd, N.
Afiza Badaluddin, K. Mahmud, M. Hailmi
Sajili and M.M. Khandaker. 2020. Influence
of Exogenous Hydrogen Peroxide on Plant
Physiology, Leaf Anatomy and Rubisco
Gene Expression of the Ficus deltoidea Jack
var. Deltoidea. Agron.,10(4):497. https://doi.
org/10.3390/agronomy10040497

Jannin, L., M. Arkoun, P. Etienne, P. Lainé, D.
Goux, M. Garnica, M. Fuentes, S. Francisco, R.
Baigorri, F. Cruz, F. Houdusse, J. Garcia-Mina,
J.C. Yvin and A. Ourry. 2013. Brassica napus
growth is promoted by Ascophyllum nodosum
(L.) Le Jol. seaweed extract: Microarray analysis
and physiological characterisation of N, C, and
S metabolisms. J. Plant Growth Reg., 32(1):
31-52. https://doi.org/10.1007/500344-012-9273-9

Kang, Y., M. Kim, C. Shim, S. Bae and S. Jang.
2021. Potential of algae-bacteria synergistic
effects on vegetable production. Frontiers in
Plant Sci., 12: 656662. https://doi.org/10.3389/
1pls.2021.656662

Karkos, P.D., S.C. Leong, C.D. Karkos, N. Sivaji
and D.A. Assimakopoulos. 2011. Spirulina
in clinical practice: Evidence-based human
applications. Evidence-Based Complementary
and Alternative Medicine: eCAM 2011,
531053. https://doi.org/10.1093/ecam/nen058

Keane, R.E. 2019. LAI: Leaf Area Index. In:
Manzello, S. (eds) Encyclopedia of wildfires
and wildland-urban interface (WUI) fires.
Springer, Cham., https://doi.org/10.1007/978-
3-319-51727-8_237-1

Khandaker, M.M., HM. Azam, J. Rosnah, D.
Tahir and M. Nashriyah, 2018. The effects
of application of exogenous IAA and GA3
on the physiological activities and quality of
Abelmoschus esculentus. Pertanika J. Trop. Agric.
Sci., 41 (1): 209 — 224.

Khandaker, M.M., N. Jusoh, N.H.A. Ralmi and
S.Z. Ismail, 2017. The effect of different types
of organic fertilisers on growth and yield of
Abelmoschus esculentus L. Moench (OKRA).
Bulg. J. Agril. Sci., 23 (1):119-125. https://
agrojournal.org/23/01-17.pdf

Kvet, J., O. Ndok and A.S. Nec. 1971. Methods
of growth analysis.In Plant Photosynthetic
Production: Manuals of Methods, edited
by Z. Sestik, J. Catsky and P.G. Jarvis,
343-384. The Hague, Netherlands: Dr. W.
Junk NV.  https://www.scirp.org/reference/
referencespapersrreferenceid=3571185

La Bella, E., A. Baglieri, E.I. Rovetto, P. Stevanato
and I. Puglisi. 2021. Foliar spray application of
Chlorella vulgaris extract: Effect on the growth
of lettuce seedlings. Agron., 11(2), https://doi.
org/10.3390/agronomy11020308

Lefi, E., M. Badri, S.B. Hamed, S. Talbi, W.
Mnafgui, N. Ludidi and M. Chaieb. 2023.
Influence of brown seaweed (Ecklonia maxima)
extract on the morpho-physiological parameters
of melon, cucumber, and tomato plants.
Agron., 13(11): 2745. https://doi.org/10.3390/
agronomy13112745

Levarity, T.B. and W. Gustave. 2024. The use of
seaweed Sargassum sp. extract as a bio-fertiliser.
Int.J. Bahamian Stu., 30(1): 33-42.

Michalak, I., K. Chojnacka, A. Dmytryk, R. Wilk,
M. Gramza and E. Réj. 2016. Evaluation of
supercritical extracts of algae as biostimulants of
plant growth in field trials. Front. Plant Sci., 7:
1591. https://doi.org/10.3389/1pls.2016.01591

Mishra, A., S. Sahni, S. Kumar and B. Prasad.

June 2025 | Volume 41 | Issue 2 | Page 551

QO ] .
ot Links
GResearchers


https://doi.org/10.17660/ActaHortic.2004.632.10
https://doi.org/10.17660/ActaHortic.2004.632.10
https://doi.org/10.21273/HORTSCI12477-17
https://doi.org/10.21273/HORTSCI12477-17
https://doi.org/10.1038/s41598-023-50040-4
https://doi.org/10.1038/s41598-023-50040-4
https://doi.org/10.1016/j.hpj.2023.06.008
https://doi.org/10.1016/j.hpj.2023.06.008
https://doi.org/10.1515/gps-2022-0065
https://doi.org/10.1515/gps-2022-0065
https://doi.org/10.3390/agronomy10040497
https://doi.org/10.3390/agronomy10040497
https://doi.org/10.1007/s00344-012-9273-9
https://doi.org/10.3389/fpls.2021.656662
https://doi.org/10.3389/fpls.2021.656662
https://doi.org/10.1093/ecam/nen058
https://doi.org/10.1007/978-3-319-51727-8_237-1
https://doi.org/10.1007/978-3-319-51727-8_237-1
https://agrojournal.org/23/01-17.pdf
https://agrojournal.org/23/01-17.pdf
https://www.scirp.org/reference/referencespapers?referenceid=3571185
https://www.scirp.org/reference/referencespapers?referenceid=3571185
https://doi.org/10.3390/agronomy11020308
https://doi.org/10.3390/agronomy11020308
https://doi.org/10.3390/agronomy13112745
https://doi.org/10.3390/agronomy13112745
https://doi.org/10.3389/fpls.2016.01591

OPEN aACCESS

Sarhad Journal of Agriculture

2020. Seaweed: An eco-friendly alternative to
agrochemicals in sustainable agriculture. Curr.
J. Appl. Sci. Technol., 39 (27): 71-78. https://
doi.org/10.9734/cjast/2020/v39i2730921

Mohammed, S., M.M. El-Sheekh, S.H. Aly, M.
Al-Harbi, A. Elkelish and A. Nagah. 2023.
Inductive role of the brown alga Sargassum
polycystum on growth and biosynthesis of
imperative metabolites and antioxidants of
two crop plants. Front. Plant Sci., 14: 1136325.
https://doi.org/10.3389/1pls.2023.1136325

Mostafa, M., D. Hammad, M. Reda and A. El-
Sayed. 2023. Water extracts of Spirulina platensis
and Chlorella vulgaris enhance tomato (Solanum
lycopersicum L.) tolerance against saline water
irrigation. Biomass Convers. Biorefin., 14 (1):
1-10.  https://doi.org/10.1007/s13399-023-
04533-x

Mutale-Joan, C., B. Redouane, E. Najib, K. Yassine,
K. Lyamlouli, S. Laila, Y. Zeroual and E.A.
Hicham. 2020. Screening of microalgae liquid
extracts for their bio stimulant properties on
plant growth, nutrient uptake and metabolite
profile of Solanum lycopersicum L. Sci. Rep.,
10 (1): 2820. https://doi.org/10.1038/s41598-
020-59840-4

Parmar, P, R. Kumar, Y. Neha, and V. Srivatsan.
2023. Microalgae as next generation plant
growth additives: Functions, applications,
challenges and circular bio economy based
solutions. Front. Plant Sci., 14, 1073546.
https://doi.org/10.3389/1pls.2023.1073546

Pearce, R.B.,, R.H. Brown and R.E. Blaser.
1968. Photosynthesis of alfalfa leaves as
influenced by age and environment. Crop
Sci., 8 (6): 677-680. https://doi.org/10.2135/
cropscil968.0011183X000800060011x

Pise,N.M. and A.B. Sabale.2010. Effect of seaweed
concentrates on the growth and biochemical
constituents of Trigonella foenum-graecum L.
J. Phytol., 2 (4): 50-56. https://core.ac.uk/
download/pdf/236017334.pdf

Prisa, D. and D. Spagnuolo. 2022. Evaluation
of the bio-stimulating activity of lake algae
extracts on edible cacti Mammillaria prolifera
and Mammillaria glassii. Plants, 11(24): 3586.
https://doi.org/10.3390/plants11243586

Puglisi, I., E. La Bella, E.I. Rovetto, A.R. Lo Piero
and A. Baglieri. 2020. Biostimulant effect
and biochemical response in lettuce seedlings
treated with a Scenedesmus quadricauda extract.

Plants, 9 (1): 123. https://doi.org/10.3390/
plants9010123

Rachidi, F., R. Benhima, Y. Kasmi, L. Sbabou and
H. E. Arroussi. 2021. Evaluation of microalgae
polysaccharides as biostimulants of tomato plant
defense using metabolomics and biochemical
approaches. Sci. Rep., 11 (1): 930. https://doi.
org/10.1038/541598-020-78820-2

Rathod, S.G., S. Bhushanand V. A. Mantri. 2023.
Phytohormones and pheromones in the
phycology literature: Benchmarking of data-set
and developing critical tools of biotechnological
implications for commercial aquaculture
industry. Phycol., 4 (1): 1-36. https://doi.
org/10.3390/phycology5010001

Santoro, D.F.,, I. Puglisi, A. Sicilia, A. Baglieri,
E. La Bella and A.R. Lo Piero. 2023.
Transcriptomic profile of lettuce seedlings
(Lactuca sativa) response to microalgae extracts
used as biostimulant agents. AOB Plants, 15
(4): plad043. https://doi.org/10.1093/aobpla/
plad043

Shaari, N.EM., M.M. Khandaker, M. T.F.M.
Tajudin, A. Majrashi, M.M. Alenazi, N.A.
Badaluddin and K.S. Mohd. 2023. Enhancing
the growth performance, cellular structure, and
Rubisco gene expression of cadmium treated
Brassica chinensisusing Sargassum polycystum and
Spirulina platensis extracts. Hortic., 9 (7): 738.
https://doi.org/10.3390/horticulturac9070738

Shamsudin, R., W.K. Wong, N. Mudaand H.
Osman. 2012. Chemical composition changes
of two water apple (Syzygium samaragense). Int.
Food Res.].,19: 167-174. http://www.ifrj.upm.
edu.my/19%20(01)%202011/(22)IFR]-2010-
114%20Rosnah.pdf

Shedeed, Z.A., S. Gheda, S. Elsanadily, K.
Alharbi and M.E.H. Osman. 2022. Spirulina
platensis Biofertilization for enhancing growth,
photosynthetic capacity and yield of Lupinus
luteus. Agriculture, 12(6): 781. https://doi.
org/10.3390/agriculture12060781

Shii, Z., R. Meon, R. Tirtawinata and C. Thanarut.
2008. Wax apple production in selected tropical
Asian countries. Acta Hortic., 773: 167-172.

Shukla, P.S., E.G. Mantin, M. Adil, S. Bajpai, A.T.
Critchley and B. Prithiviraj. 2019. Ascophyllum
nodosum-based  biostimulants:  Sustainable
applications in agriculture for the stimulation
of plant growth, stress tolerance, and disease
management. Front. Plant Sci., 10: 462648.

June 2025 | Volume 41 | Issue 2 | Page 552

.0 .
ot Links
GResearchers


https://doi.org/10.9734/cjast/2020/v39i2730921
https://doi.org/10.9734/cjast/2020/v39i2730921
https://doi.org/10.3389/fpls.2023.1136325
https://doi.org/10.1007/s13399-023-04533-x
https://doi.org/10.1007/s13399-023-04533-x
https://doi.org/10.1038/s41598-020-59840-4
https://doi.org/10.1038/s41598-020-59840-4
https://doi.org/10.3389/fpls.2023.1073546
https://doi.org/10.2135/cropsci1968.0011183X000800060011x
https://doi.org/10.2135/cropsci1968.0011183X000800060011x
https://core.ac.uk/download/pdf/236017334.pdf
https://core.ac.uk/download/pdf/236017334.pdf
https://doi.org/10.3390/plants11243586
https://doi.org/10.3390/plants9010123
https://doi.org/10.3390/plants9010123
https://doi.org/10.1038/s41598-020-78820-2
https://doi.org/10.1038/s41598-020-78820-2
https://doi.org/10.3390/phycology5010001
https://doi.org/10.3390/phycology5010001
https://doi.org/10.1093/aobpla/plad043
https://doi.org/10.1093/aobpla/plad043
https://doi.org/10.3390/horticulturae9070738
http://www.ifrj.upm.edu.my/19 (01) 2011/(22)IFRJ-2010-114 Rosnah.pdf
http://www.ifrj.upm.edu.my/19 (01) 2011/(22)IFRJ-2010-114 Rosnah.pdf
http://www.ifrj.upm.edu.my/19 (01) 2011/(22)IFRJ-2010-114 Rosnah.pdf
https://doi.org/10.3390/agriculture12060781
https://doi.org/10.3390/agriculture12060781

OPEN aACCESS

Sarhad Journal of Agriculture

https://doi.org/10.3389/tpls.2019.00655

Sivalingam, K.M. 2020. Isolation, identification
and evaluation of Spirulina platensis for its effect
on seed germination of groundnut (Arachis
hypogaea L.), Wolaita Sodo, Southern Ethiopia.
J. Algal Biomass Utln, 11(2), 34-42. https://
storage.unitedwebnetwork.com/

files/521/4ca5cd59fe556a59877dcb110401eel9.
pdf

Solomon, W., L. Mutum, T. Janda and Z. Molnir.
2023. Potential benefit of microalgae and their
interaction with bacteria to sustainable crop
production. Plant Growth Regul., 101(1):
53-65. https://doi.org/10.1007/s10725-023-
01019-8

Tarraf, S.A., .M. Talaat, A.E.K.B. El-Sayed
and L. K. Balbaa. 2015. Influence of foliar
application of algae extract and amino acids
mixture on fenugreek plants in sandy and
clay soils. Nusantara Biosci., 7(1 https://doi.
org/10.13057/nusbiosci/n070106

Tylova-Munzarova, E.,B. Lorenzen, H. Brixand O.
Votrubova. 2005. The effects of NH4" and NO;~
on growth, resource allocation, and nitrogen
uptake kinetics of Phragmites australis and
Glyceria maxima. Aquat. Bot., 81(4): 326-342.
https://doi.org/10.1016/j.aquabot.2005.01.006

Van Oosten, M.J., O. Pepe, S. De Pascale, S. Silletti

and A. Maggio. 2017. The role of biostimulants
and bioefectors as alleviators of abiotic stress
in crop plants. Chem. Biol. Technol. Agric., 4:
1-12.  https://doi.org/10.1186/s40538-017-
0089-5

Wang, Y., S.L. Bauke, C. von Sperber, F. Tamburini,
J. Guigue, P. Winkler, K. Kaiser, B. Honermeier
and W. Amelung. 2021. Soil phosphorus
cycling is modified by carbon and nitrogen
fertilisation in a long-term field experiment. J.
Plant Nutr. Soil Sci., 184(2): 282-293. https://
doi.org/10.1002/jpln.202000261

Williams, R.F. 1946. The physiology of plant
growth with special reference to the concept of
net assimilation rate. Ann. Bot., 10(1): 41-72.
https://doi.org/10.1093/oxfordjournals.aob.
2083119

Yang, J., J. Song and B.R. Jeong. 2022. Lighting
from top and side enhances photosynthesis and
plant performance by improving light usage
efficiency. Int. J. Mol. Sci., 23(5): 2448. https://
doi.org/10.3390/ijms23052448

Yip, Z.T., R.Z.B. Quek, J.K\Y. Low, B. Wilson,
A.G. Bauman, L.M. Chou, PA. Todd and
D. Huang. 2018. Diversity and phylogeny
of Sargassum (Fucales, Phaeophyceae) in
Singapore. Phytotaxa, 369(3): 200. https://doi.
org/10.11646/phytotaxa.369.3.3

June 2025 | Volume 41 | Issue 2 | Page 553

.0 .
ot Links
GResearchers


https://doi.org/10.3389/fpls.2019.00655
https://storage.unitedwebnetwork.com/files/521/4ca5cd59fe556a59877dcb110401ee19.pdf
https://storage.unitedwebnetwork.com/files/521/4ca5cd59fe556a59877dcb110401ee19.pdf
https://storage.unitedwebnetwork.com/files/521/4ca5cd59fe556a59877dcb110401ee19.pdf
https://storage.unitedwebnetwork.com/files/521/4ca5cd59fe556a59877dcb110401ee19.pdf
https://doi.org/10.1007/s10725-023-01019-8
https://doi.org/10.1007/s10725-023-01019-8
https://doi.org/10.13057/nusbiosci/n070106
https://doi.org/10.13057/nusbiosci/n070106
https://doi.org/10.1016/j.aquabot.2005.01.006
https://doi.org/10.1186/s40538-017-0089-5
https://doi.org/10.1186/s40538-017-0089-5
https://doi.org/10.1002/jpln.202000261
https://doi.org/10.1002/jpln.202000261
https://doi.org/10.1093/oxfordjournals.aob.a083119
https://doi.org/10.1093/oxfordjournals.aob.a083119
https://doi.org/10.3390/ijms23052448
https://doi.org/10.3390/ijms23052448
https://doi.org/10.11646/phytotaxa.369.3.3
https://doi.org/10.11646/phytotaxa.369.3.3

