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Sweet  pepper  is  the  world’s  second  most  important  vegetable  after
tomato, making its production vital for economic growth and supporting
livelihoods. However, growing concerns about environmental protection
and  sustainability  make  the  search  for  eco-friendly  alternatives  to
synthetic  fertilizers  inevitable.  Seaweed  extracts  are  rich  in  bioactive
compounds that  can  stimulate  key  plant  growth  and defense pathways
making  them  effective  biofertilizer.  A  Randomized  Complete  Block
Design  was  laid  out  to  evaluate  the  potential  of  seaweed  extract  (U.
lactuca  and  E. spinosum)  in promoting the growth and productivity of
sweet pepper (Capsicum annuum L.). Seaweed was applied in both liquid
and in powder form. The liquid extracts were prepared by soaking 15 g,
20 g, 25 g, and 30 g of seaweed powder in 1 L of hot and cold water,
while  the  powder  was  applied  directly  without  dilution.  The  negative
control group received no seaweed treatment.  Both Nonparametric and
parametric  comparisons  for  the  growth  and  yield  parameters  were
performed.  Results  showed  that  seaweed  significantly  increased  the
average  fruit weight (792%), fruit number (100%), number of branches
(114.3%), and  number  of  leaves  (51.7%),  stem girth  (20%)  and  plant
height  (50.2%),  with  variations  depending  on  the  extraction  method,
seaweed  species,  and  concentration.  The  optimal  seaweed  extract
concentration was 0.6% beyond which no significant increase in growth
or  yield of  sweet  pepper  was observed.  Mean separation revealed that
cold-water extraction had the most pronounced effect. In conclusion, this
study highlights the importance of incorporating seaweed as biostimulants
in a closed-system agriculture. However,  further research should explore
the extracts long-term effects, refine application and scalable methods for
mass production and consistent quality and evaluate its efficiency in open-
field agriculture. 

Introduction
The sweet pepper plant (Capsicum annuum

L.)  is  the  third  most  important  crop  in  the
Solanaceae  family,  following  tomatoes  and
potatoes.  The fruit  exhibits  diverse  colours,
including red-orange,  green,  yellow, purple-

black,  and  brown  (Zakir  et  al.  2024).  The
fruit provides substantial nutritional  benefits
(Khan  et  al.  2025,  Mokgehle  et  al.  2025).
Due  to  its  health  benefits  and  economic
potential, efforts to increase production have
included the use of synthetic fertilizers (Islam
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et  al.  2017,  Gajc-Wolska  et  al.  2018).
However, the indiscriminate use of fertilizers
has been associated with pathogen resistance,
chemical  residue in food, higher production
costs,  and  environmental  damage,  thus  the
need  for  alternative  inputs  in  agriculture  is
inevitable (Yadav et al. 2024). 

Researchers  have  reported  that  organic-
based  biostimulants,  such  as  seaweed
extracts,  enhance  seed  sprouting  and  seed
germination (Khanahmadi  et  al.  2025),  thus
promoting plant growth, increasing yield, and
improving stress tolerance (De Mastro et al.
2025, Ahmed et al. 2024). Additionally, they
play  a  role  in  remediating  hydrocarbon-
polluted  soils  (Ehis-Eriakha  et  al.  2025)
improving  seedling  vigor,  root  and  shoot
development,  photosynthesis,  shelf  life
(Singh et al. 2019) and stimulating lateral bud
growth  to  increase  branch  formation
(Mokgehle  et  al.  2025).  Seaweed  extracts
also  promote  early  flowering  and  fruit  set,
leading to higher yields (Ali et al. 2019). For
example, the application of extract as a foliar
spray improved plant growth, increased fruit
number,  and  extend  the  shelf  life  of  sweet
peppers  (Ali  et  al.  2021).  Furthermore  A.
nodosum alleviated  drought  damage  in
tomato  by  improving  plant  water  relations,
photosynthetic  performance,  and  stomatal
function (Ahmed et al. 2024). Similarly, the
use  of  Kappaphycus  alvarezii has  led  to
significant  yield  increases  in  soybeans  and
maize by improvement  of  plant  height,  pod
number, and nutrient uptake (Sanodiya et al.
2022). 

The potential of  seaweed extracts has been
associated  with  its  bioactive  compounds,
including  plant  growth  regulators  such  as
gibberellins,  auxins,  and cytokinins,  as well
as  carbohydrates  and  essential  macro-  and
micronutrients (Bradáčová et al. 2016, Shukla
et al. 2019, Sanodiya et al. 2022, Mokgehle et
al.  2025).  Additionally,  their  antimicrobial,
antifungal,  anticancer,  immunomodulatory,
antihypertensive, and anticoagulant activities,
as well as their role in human nutrition have
been reported (Peedika et al., 2025, Listihani
et al. 2023, Das et al. 2025).  Seaweed is also
envisaged  as  a  key  player  in  shaping  key
sectors  such  as  aquaculture,  hydrocolloid

production, biopesticide efficacy, biofertilizer
formulation,  biofuel  production,  and  the
development  of  biodegradable/edible
bioplastics (Yong et al. 2024, Sharma et al.
2025). 

Despite considerable  research  on seaweed
primarily conducted in temperate climates or
in developed countries, there is a significant
knowledge gap regarding their application in
Africa,  where  agricultural  systems  and
environmental  conditions  vary  widely.
Furthermore, the optimal dose that could be
beneficial  to the farmers has been shown to
vary  significantly  across  different  studies
(Mohamed  and Hassan  2025,  Ahmed et  al.
2024,  Castellanos-Barriga  et  al.  2017,
Marhoon  and  Abbas  2015).  Therefore,
localized  studies  are  essential  to  assess
effectiveness  of  seaweed  extracts  and
determine  optimum  application  rate
especially in diverse environments of Africa
which faces challenges such as drought, heat
stress, disease pressure, and soil degradation.
In particular, Tanzania has abundant seaweed
species  such  as  Eucheuma  spinosum,  Ulva
lactuca, Ulva armoricana, and Kappaphycus
alvarezii (TNC  2023,  Msuya  2020).
However,  their  economic  potential  remains
largely  underutilized,  especially  in  crop
production  sectors.  Therefore,  this  study
assessed  the  potential  of  U. lactuca  and  E.
spinosum  in  improving  sweet  pepper
production in Tanzania.

Materials and Methods 
 Study site 

The study was conducted in a semi-covered
screenhouse  at  the  Department  of  Botany
demonstration  farm,  University  of  Dar  es
Salaam, from December 2022 to July 2023.
Each plant was transplanted in a 10 L plastic
bucket containing 7 kg of soil. Forest soil was
dug  around  semi-covered  screenhouse  and
then  mix  thoroughly  to  eliminate
heterogeneity.  Seaweed  species,  U.  lactuca
(green)  and  E.  spinosum (brown)  were
collected from the coastline of Indian Ocean
in Zanzibar. The extraneous materials such as
seashells  and  pieces  of  wood  were  hand-
picked and separated from the seaweed. The
seaweeds were then packed into a cold box
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container.  Identification of the seaweed was
further  confirmed at  the Institute of  Marine
Sciences-Zanzibar. The seaweeds were rinsed
with fresh water in order to purify it from salt
and sand. Thereafter the seaweeds were dried
under the shade for 3 days to remove excess
water, and then oven-dried to brittle at 60 ℃
for 15 hrs (Badmus et al. 2019). Oven-dried
seaweeds were blended to powder and sieved
through a fine mesh (100 mesh). The powder
was then stored in airtight bottles. The Sweet
peppers  seeds  of  Indra  F1 variety  collected
from agro-dealer shop in Dar es Salaam was
used  to  test  the  potentiality  of  seaweed  as
biostimulants. 
Seaweed extraction procedure 

The powder  obtained  from  each  species
was  divided  into  three  portions,  each
weighing  500g. For  hot-water  extractions,
500  g  of  powder  from  each  species  were
heated to boiling in 2 L of distilled water for
30 min.  In cold water extraction, 500 g of
seaweed powder from each species were also
dissolved  in  2  L  of  cold  water  and  left
overnight.  Then both mixtures  were  filtered
by using muslin cloth to form a stock solution
(crude  seaweed  extract-250g/l).  The  other
remaining 500 g was applied in powder form.
Experimental design and layout

The  experiment was  conducted  by  using
Randomized  Complete  Block  Design
(RCBD).  Each  species  of  seaweed  was
assigned in each block (replication). From the
stock solution 15 ml, 20 ml, 25 ml and 30 ml
of  hot  and  cold-water  extracts  were  mixed
with 1 L of water to get working solutions of
3.75,  5,  6.25  and  7.5  g/L  which  were
equivalent  to  0.4%  0.5%,  0.6%  and  0.8%
respectively.  Working solution were applied
directly  on  the  soil  around  the  plant  (soil
drenching)  after  every  two  weeks  from
transplanting until fruit setting (equivalent to
5  applications)  using  a  50  ml  measuring
cylinder.  For the powder form treatment, 15
g, 20 g, 25 g and 30 g of seaweed powder
were also applied after every two weeks from
transplanting  until  fruit  setting.  For  the
control treatment no seaweed crude extract or

powder  were  applied.  The  treatments  were
replicated three times.  
Data collection 

From  the  date  of  transplanting  (7th April
2023), the first data on plant height, number
of  leaves,  number  of  branches  and  stem
diameter  (girth)  was  collected  on  3rd week.
The second data; the plant height, number of
leaves,  number  of  branches,  stem diameter,
fruit  number and fruit  weight was collected
on  the  first  harvest,  on  6th June,  2023.  A
metre ruler was used to estimate plant height,
and  Vernier  calliper  to  measure  plant
diameter  (girth).  The average  weight of  the
first  emerging  two fruits  were  measured  in
gram using electronic weighing balance. 
 Statistical Analysis

In  this study,  JMP  Pro  17  statistical
software  was  used  to  perform  statistical
analysis.  The  normality  test  was  computed
using  the  goodness  of  fit  index.  Data  that
were  not  normally  distributed,  the  Kruskal-
Wallis  test  was  used  to  compare  means.
Whenever the means differed significantly at
p  <  0.05,  mean  separation  was  performed
using  the  Wilcoxon  Signed-Rank  Test  for
Paired  samples  to  identify  significant
variations  between  pairs  of  means.  For
normally  distributed  data,  a  one-way
ANOVA  followed  by  Tukey's  Honest
Significant  Difference  (HSD)  test  was
applied.  Multivariate  methods  (multivariate
correlation  and  discriminant  analysis  were
carried  out  to  evaluate  correlations  and
compare  categorical  groups,  respectively.
Furthermore,  fully  factorial  three-way
ANOVA  was  performed  to  compare
treatments interaction effects.  

Results 
The data for  growth and yield parameters

were tested for normality using goodness of
fit-test  (Figure  1),  and  it  was  evident  that
plant  height,  number  of  leaves,  number  of
fruits  and  fruit  weight  were  not  normally
distributed (p<0.05) while, girth and number
of  branches  were  normally  distributed
(p>0.05).
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Figure 1: Normality  test  for  growth  and  yield  parameters.  Traits  with  p<0.05  are  not
normally distributed and the opposite are normally distributed.

Effect  of  seaweed  species  on  growth
parameters at different growth stages

Figure 2 shows the data on the contribution
of seaweed species on the observed number
of leaves,  plant height, and girth on the 3rd
week  (vegetative  stage)  after  transplanting
and  at  first  harvesting  time  (reproduction
stage). At the vegetative state the contribution
of  U. lactuca and E. spinosum treatments to
the observed number of leaves, plant height
and girth were 50% by 45%), 48% by 46%
and  41%  by  54%  respectively.  At

reproduction stage (first harvesting time),  U.
lactuca and E. spinosum also contributed the
number of  leaves (by 49% and 46%), plant
height (by 47% and 48%), and girth (by 48%
and 46%) respectively. The control treatment
contributed only 5, 5, and 6% of the observed
number  of  leaves,  plant  height  and  girth.
However,  t-test  indicated  the  effects  of  U.
lactuca  and  E.  spinosum  on the  number  of
leaves,  plant  height,  and  girth  were
significantly different between growth stages.
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Figure 2: Effect  of  seaweed  type  on  number  of  leaves,  plant  height  and  girth  on  the
vegetative state (3rd week)  after  transplanting (left) and at  first  harvesting time
(right) respectively. 

Effects of seaweed species on sweet pepper
growth and yield parameters 

Plant height, number of leaves, number of
fruits,  and  fruit  weight  were  not  normally
distributed; therefore, the Kruskal-Wallis test
was used to compare the means between the
two  groups.  For  stem girth  and  number  of
branches, which were normally distributed, a
one-way  ANOVA  followed  by  Tukey's
Honest Significant Difference (HSD) test was
applied.  Non-parametric  pairwise

comparisons  using  the  Wilcoxon  method
showed  no  significant  differences  between
seaweed species for plant height, number of
leaves,  number  of  fruits,  and  fruit  weight.
Similarly, ANOVA results followed by HSD
mean  separation  indicated  no  statistically
significant  differences  between  seaweed
species  for  stem  girth  and  number  of
branches  (Table  1).  However,  the  control
treatment consistently exhibited significantly
lower performance across all traits.

Table 1. Effect of seaweed species on sweet pepper growth and yield parameters 
Level Count P. Height N. Leaves F.

Number
F. Weight Girth N. Branch

E.spinosum 36 63.9±6.9a 42.8±7.6a 6.1±2.7a 152.3±47.4a 3.5±0.3a 14.7±3.6a
U. lactuca 36 63.5±7.5a 45.7±6.9a 6.5±1.7a 151.0±47.0a 3.7±0.3a 14.5±3.4a
Control 6 42.4±3.4b 29.2±2.9b 2.5±1.0b 17.0±26.8b 3.0±0.2b 7.2±1.6b

*Numbers with the same letter down the column are not statistically different at p<0.05. P.
height=  Plant  height,  N.  leaves=  number  of  leaves,  F.  number=  number  of  fruits,  F.
weight=fruit weight N. branch= number of branches 

Effect  of  seaweed  extract  concentrations
on  the  sweet  pepper  growth  and  yield
parameters 

The effect of E. spinosum and U. lactuca on
fruit  weight,  fruit  number  and  branches  at
first  harvesting  time  increased  with
concentration  (Figure  4).  Generally,  when
compared to control (C0), C1 increased plant
height,  number  of  leaves,  number  of
branches,  stem girth,  fruit  number and fruit
weight at the first harvesting by, 30.1, 20.4,

51.2,  11.0,  68.9  and  500.7%,  C2  increased
the same parameters by 

41.7, 43.0, 82.9, 17.0, 115.6, and 750%. At
C3,  parameters  increased  by  64.7,  70.3,
130.2, 28.6, 206.7 and 906.2% respectively,
while  at  C4  they  increased  by  64.7,  72.9,
149.6,  30.7,  217.8  and  1012.1%.  Further
analysis  indicated  no  significant  difference
between the plant height, number of leaves,
number of branches, stem girth, fruit number
and fruit weight at C3 and C4.
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Table  2.  Effect  of  seaweed  concentration  on  the  sweet  pepper  growth  and  yield
parameters.

Level Count P. Height N. Leaves N. Fruits F. Weight Girth N. Branch
C0 6 42.4±3.4d 29.2±2.9d 2.5±1.0d 17.0±26.8d 3.0±0.23c 7.2±1.6d
C1 18 55.1±3.6c 35.1±3.0c 4.2±1.2c 102±42.3c 3.3±0.20b 10.8±1.6c
C2 18 60.1±3.4b 41.7±4.3b 5.4±1.5b 144.5±21.8b 3.5±0.18b 13.1±2.2b
C3 18 69.8±3.5a 49.7±4.6a 7.6±2.0a 171.1±35.1a 3.8±0.21a 16.5±2.1a
C4 18 69.8±2.7a 50.4±3.3a 7.9±1.8a 189.1±33.8a 3.9±0.25a 17.9±2.2a

*Numbers with the same letter down the column are not statistically different at p<0.05. P.
height  =Plant  height,  N.  leaves=  number  of  leaves,  F.  number=  number  of  fruits,  F.
weight=fruit weight N. branch= number of branches 

Effects  of  extraction  and  application
methods  of  seaweeds  on  sweet  pepper
growth and yield parameters

The  variations in  fruit  number  and  size
between  different  U.  lactuca  powder
concentrations  and  the  control  at  first
harvesting  time  are  shown  in  figure  3.
Nonparametric comparisons for plant height,
number of leaves, number of fruits and fruit

weight, using Wilcoxon method and one-way
ANOVA  followed  by  Tukey's  Honest
Significant  Difference  (HSD)  test  for  the
normally distributed number of branches and
stem  girth  across  seaweed  extraction  and
application methods were trait specific (Table
3).

Figure 3: The  variation  in  fruit  number  and  size  between  different  U.  lactuca  powder
concentrations and control

Result showed that cold water E. spinosum
increased plant height, number of leaves, fruit
weight, number of branches, number of fruits
and plant  girth by 51.8,  26.6,  183.2,  957.8,
137.1 and 50.6% respectively. Cold water U.

lactuca  increased  the  same  parameters  by
59.9,  24.9,  173.2,  751,  130.1  and  63.7%
respectively.  Hot  water  E.  spinosum
increased the plant parameters by 51.1, 16.8,
156.8, 728.4, 98.7 and 52.5%. Hot water  U.
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lactuca increased  the  plant  parameters  by
42.9, 26.6, 150, 855.4, 88.3 and 53.4%. For
the powder forms, E. spinosum increased the
parameters by 49.614.1, 90, 701.9, 77.8 and

36.5% while  U. lactuca  by 46.5, 23.6, 160,
758.8, 88.3 and 53.1% respectively.

Table  3.  Effects  of  extraction  and application  methods  of  seaweeds  on  sweet  pepper
growth and yield parameters
Level Count P. Height N. Leaves N. Fruits F. Weight Girth N. Branch
cold water 
euchema

12 64.3±7.4.ab 43.9±6.9ab 7.1.4±3.1
a

179.8±62.1a 3.7±0.38ab 17.0±3.3a

cold water ulva 12 67.8±7.4a 47.8±7.1a 6.8±1.4a 144.5±49.2ab 3.7±0.03ab 16.5±3.6a
control 6 42.4±3.4c 29.2±2.9c 2.5±1.0d 17.0±26.8b 3.0±0.20c 7.2±1.6c
hot water 
euchema

12 64.1±6.9ab 44.5±8.3ab 6.4±2.8ac 140.8±32.0a 3.5±0.30ab 14.3±3.3ab

hot water ulva 12 60.6±6.8b 44.8±6.9ab 6.3±1.7ac 162.4±45.2a 3.8±0.34ab 13.5±3.1ab
powder euchema 12 63.4±7.1ab 39.8±7.4b 4.8±1.5c 136.3±.31.8ab 3.4±0.27bc 12.8±2.9ab
powder ulva 12 62.1±7.0ab 44.7±6.7ab 6.5±2.1a 146.0±48.5ab 3.7±0.28ab 13.8±2.7ab
*Numbers with the same letter down the column are not statistically different at p<0.05. P.
height  =Plant  height,  N.  leaves=  number  of  leaves,  F.  number=  number  of  fruits,  F.
weight=fruit weight N. branch= number of branches 

Analysis of mean method by transformed rank indicated cold water extracts of E. spinosum
and U. lactuca had significant effects on plant height, number of leaves, girth, and number of
branches, fruits number and fruits weights (Figure 4).
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Figure 4: Analysis of mean methods by transformed rank

Interaction effects between the treatments on growth and yield parameters 
Fully  factorial  three-way  ANOVA  indicated  significant  variations  that  were  trait  specific
(Table 4).

Table 4 Interaction effects between treatments on the growth and yield parameters.  *
indicate significant variations 

Source DF P. Height N. Leaves N. Branch Girth N. Fruit F. Weight
Seaweed species 1 0.4930 0.0002* 0.5925 <.0001* 0.2244 0.8653
Extraction/form 2 <.0001* 0.0008* <.0001* 0.0053* 0.0155* 0.0904
Concentration 3 <.0001* <.0001* <.0001* <.0001* <.0001* <.0001*
Seaweed x 
Extraction 2 0.0003* 0.0339* 0.1164 0.0122* 0.0465* 0.0099*

Seaweed x conc. 3 0.7660 0.3510 0.8476 0.9843 0.1754 0.7450
Extraction x conc. 6 0.8962 0.1304 0.1888 0.7183 0.6814 0.6246
Extraction x conc x 
seaweed 6 0.8184 0.8023 0.6915 0.8507 0.6446 0.4518

*Indicate significant  interactions at  p<0.05.  P.  height =Plant  height,  N.  leaves= number of
leaves, F. number= number of fruits, F. weight=fruit weight N. branch= number of branches 
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Multivariate analysis of growth and yield
parameters  

Multivariate  correlation analysis  showed
that  all  growth  and  yield  parameters  had
strong and positive relationships.  Coefficient
of correlations (r)  ranged between 0.64 and

0.87  (Figure  5).  This  suggests  that  the
relationship  between  the  variables  is
consistent  and  that  changes  in  one  variable
are likely associated with similar changes in
the others. 

Figure 5: Correlation analysis between growth and yield parameters

Discussion 
The findings from this study indicate  that

the  application  of  both  U.  lactuca and  E.
spinosum extracts  positively  influenced  the
growth  and  development  of  sweet  pepper
plants. Plants treated with  U. lactuca  and E.
spinosum extracts generally exhibited higher
values  in  all  parameters  compared  to  the
control  group,  which  did  not  receive  any
seaweed  treatment.  These  findings  suggest
that seaweed extracts can enhance the growth
and  productivity  of  sweet  pepper  plants.
However, the response of the sweet pepper to
the  seaweed  treatments  at  vegetative  stage

and the harvesting stage were not statistically
different.  

When the performance of U. lactuca and E.
spinosum were  compared  against  plant
height,  number  of  leaves,  girth,  number  of
branches,  fruit  number,  and  fruit  weight,
there  were  no  significant  differences  across
all  parameters.  However,  according  to
Mutavski  et  al.  (2024),  a  comprehensive
phytochemical  profiling  of  U. lactuca  from
the Adriatic Sea revealed the presence of 54
volatile  compounds,  11  fatty  acids,  4
carotenoids,  18  amino  acids,  and  48  non-
volatile compounds. On the other hand, while
detailed  chemical  profiling  of  E.  spinosum
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was  not  available,  Labiaga  et  al.  (2021)
reported  the  presence  of  alkaloids,
carbohydrates,  phenols,  flavonoids,  tannins,
terpenoids, saponins, proteins, lipids, sterols,
steroids, and cardiac glycosides in decreasing
order. 

Furthermore,  in  this  study,  all
concentrations of seaweed extract tested had
a  significant  effect  on  plant  characteristics.
However,  the  optimal  concentration  was
0.6%  (6  g/L),  beyond  which  no  further
significant improvements in growth or yield
parameters were observed. It is important to
note that the optimal concentration may vary
depending on factors  such as  plant  species,
soil conditions (Zhao et al. 2025, Moora et al.
2025), extraction techniques (Chadwick et al.
2025),  or  the  interaction  between
concentration,  seaweed  species,  and
extraction  method,  as  demonstrated  in  this
study. According to Renata et al. (2020), all
dosages  of  U.  lactuca increased  the
germination rates of tomato, however, highest
total  germination  percentage  was  observed
with the  U. lactuca powder  treatment,  at  2
gL-1.  In  another  study  by  Mohamed  and
Hassan (2025), the seaweed extract treatment
at 4 mL/L produced the highest percentages
of agronomic, yield and trace elements of hot
pepper plants.  Moreover, seaweed extract at
6 mL/L recorded the highest values for most
of  the measured  characters  of  sweet  pepper
(Capsicum  annuum L.)  in  comparison  with
control  (Marhoon  and  Abbas  2015).
Castellanos-Barriga  et  al.  (2017),  who
conducted a study on E. spinosum extract and
its effect on the growth of mung bean plants
reported  that  treatment  with  the  seaweed
extract at 0.2% significantly increased shoot
and  root  length,  fresh  and  dry  weight,  and
chlorophyll  content  in  the  treated  plants.
Furthermore,  an  integrated  program
comprising  Ascophyllum  nodosum seaweed
extract (ASE) at 5 mL L–1) and K (100 kg
K2O  ha–1)  significantly  alleviated  drought
stress  in  tomato  cultivation  in  water-scarce
areas  (Ahmed  et  al.  2024).  These  findings
suggest  that  the  available  quantities  of
nutrients,  growth  regulators,  and  bioactive
compounds in the seaweeds, which stimulate
plant  growth  and  developments, have

concentrations threshold beyond which may
lead to nutrient imbalances (Idris et al. 2025).

Other treatments tested were the extraction
and  application  methods.  The  findings
showed  that  the  seaweed  extraction  and
application  methods  influenced  their
effectiveness. Cold water of both  U. lactuca
and  E.spinosum treatments demonstrated the
most  significant  effects  on  the  growth  and
yield  parameters  of  sweet  pepper  plants
compared  to  hot  water  and  powder  forms.
The  observation  that  cold-water  seaweed
extract performs better than hot-water extract
in the growth and yield parameters of sweet
pepper  (Capsicum  annuum)  might  be
associated with several factors. For example,
cold-water extraction could preserve reported
growth  promoting  compounds  such  as
cytokinins, auxins, and gibberellins (Sanna et
al. 2022), minerals like nitrogen, phosphorus,
potassium,  and  magnesium  (Craigie  2011,
Khan et al. 2009), vitamins (A, C, E, and K,
as  well  as  B-group  vitamins  (B1,  B2,  B6,
B12) and salts  (Pereira  2025).  Additionally,
cold  water  extract  could  mimic  the  natural
environment  of  the  plant  more  closely  and
thus  reduce  plant  stress,  less  damaging  to
beneficial  soil  microbes,  maintained
polysaccharides  such  as  alginic  acid  and
laminarin  antioxidants  and  phenolic
compounds  that  stimulate  plant  immunity,
improve stress resistance and enhance water
and nutrients uptakes (Ummat et al. 2025).

The observed effe cts of seaweed on sweet
pepper growth and yield parameters might be
attributed to several mechanisms. Reports by
Craigie  (2011)  and  Sanna  et  al.  (2022)
indicated  that  U.  lactuca  extract  enhanced
cell  division,  elongation,  and  differentiation
in  lettuce  seedlings.  Moreover,  U.  lactuca
extract enhanced nutrient uptake by tomatoes
(Khan et al. 2009) and number of tillers and
branching in rice (Hussain et al. 2021).  Other
literatures  have  indicated  that  algal
biostimulants  improved flower  cluster
number, fruit number, shoot dry weight, and
root dry weight in tomato (James et al. 2025).
Furthermore,  Ascophyllum  nodosum and
Sargassum wightii  enhanced  the  number  of
fruits and fruit  weight in chili,  bell and hot
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pepper (Yaseen et al.  2024), shoot and root
length,  leaf  area,  and  grain  yield  in  wheat
(Ali  et  al.  2019)  and  plant  height,  fruit
weight, and yield of okra (Divya et al. 2015).
The  reported  findings  suggest  that  the
application  of  seaweed  extracts  could  be  a
sustainable  approach  for  enhancing
productivity of various crops. 
  According  to  Quitério  et  al.  (2022)  and
Sharma  et  al.  (2025),  advanced  “green
extraction”  technologies  have  notable
advantages  over  the  conventional  methods.
However,  the  findings  from  this  study,  for
examples, the average increase of fruit weight
(792%),  fruit  number  (100%),  number  of
branches  (114.3%), number  of  leaves
(51.7%),  stem girth  (20%) and  plant  height
(50.2%) still  highlight  the  importance  of
incorporating  seaweed  as  biostimulants  into
African  farming  systems  which  is
predominantly  small-scale  farming.
Moreover,  incorporating seaweed into urban
and  peri-urban  agriculture  (especially  in
coastal  cities  where  seaweed  is  readily
available) can promote an eco-friendly source
of fresh, high-quality horticultural crops. This
would  eventually  enhance  food  availability
and  provide  employment  opportunities  for
low-income  families,  whose  numbers  are
growing  daily  in  urban  areas.  Multivariate
correlation  analysis  showed  that  all  growth
and yield parameters had strong and positive
relationships  with  coefficient  of  correlation
(r)  ranging from 0.64 to 0.87. The  findings
align with Jadhao et  al.  (2025),  Putri  et  al.
(2025)  who  observed  significant  positive
correlations between fruit yield per plant with
growth  parameters,  suggesting  that  the
variables could be selected when considering
to further improve the fruit yields per plant.
 This study was conducted under greenhouse
conditions, which might not fully reflect field
conditions.  Future  research  should  assess
performance  across  diverse  agroecological
zones to  ensure  broader  applicability of the
findings.  Furthermore,  to  understand  the
underlying  mechanisms  for  the  observed
changes,  further  study  on  the  molecular
characterization  of  the  extract  is
recommended.

Conclusion
Findings from this study provide preliminary
evidence that seaweed extracts derived from
U. lactuca and E. spinosum can significantly
enhance  sweet  pepper  production.  Treated
plants  showed  increased  plant  height,  leaf
number, fruit count, and fruit weight. These
results  suggest  that  incorporating  seaweed
extracts into agricultural practices may boost
crop  productivity,  reduce  dependence  on
synthetic  inputs,  and  support  sustainable
farming systems. The optimal application rate
identified  in  this  study  was  0.6%.  To fully
realize the benefits  of seaweed-based inputs
in agriculture,  further  research  is  needed  to
assess  their  long-term effects  and  to  refine
application methods. Additionally, exploring
the  potential  of  other  locally  abundant
seaweed  species  could  help  identify  those
with  greater  agricultural  value.  A
comprehensive  cost–benefit  analysis,
factoring in production and application costs
of seaweed extracts, along with gains in yield
and fruit quality, is also crucial to ensure the
sustainable  and  economically  viable  use  of
seaweed  in  crop  production.  Future  studies
should also focus on scalability and conduct
long-term  field  trials  to  validate  these
findings under real-world farming conditions
and  to  reinforce  their  relevance  for
sustainable agriculture.
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