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ABSTRACT: Seaweed extract contains plant growth regulators and bio-stimulants that enhance plant growth
and development. In Bangladesh, winter rice (Boro rice) in the nursery bed often shows poor seed emergence
and weak seedling growth due to low temperature. This problem can be addressed by using seaweed extract as
a seed priming agent and bio-stimulant. The objective of this study was to evaluate the effectiveness of seaweed
extract (Crop Plus) on seed emergence, seedling growth, and vigor of winter rice in the nursery. Two experiments
were conducted at Bangladesh Agricultural University using BRRI dhan89. The laboratory experiment consisted of
17 treatments combining three concentrations of Crop Plus (5000, 10,000 and 15,000 ppm) and four priming durations
(6, 12, 18, and 24 h), along with hydro-priming and a no priming as control. Seed priming with 15,000 ppm for 24 h
produced the highest germination percentage and superior seedling growth traits. The nursery bed experiment
comprised 11 treatments combining two doses (1 mL m™2 and 2 mL m™2) of Crop Plus and five different foliar
application schedules, along with a control. All treatments outperformed the control, with the best results from
Crop Plus @2 mL m™2 applied at 20 and 30 days after sowing (DAS). Overall, the treatment involving seed priming
with 15,000 ppm seaweed extract for 24 h, followed by nursery application at 2 mL m™2 at 20 and 30 DAS, resulted in
higher germination and improved early growth of winter rice. However, further validation across multiple locations,
seasons, and rice cultivars is recommended.
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1 Introduction

Rice (Oryza sativa L.) is a vital staple food for billions of people worldwide. In Bangladesh, as
well as in many other tropical and sub-tropical countries, rice is cultivated either through direct sowing
or transplanting, depending on the climate and farming practices. However, rice production often
faces challenges due to low-temperature stress during the early growth stages. Chilling conditions can
significantly reduce germination, hinder seedling establishment, and cause yellowing, stunted growth, and
lower tiller production [1]. In northern Bangladesh, temperatures below 10°C can lead to seedling mortality
rates as high as 90% [2]. These chilling conditions are commonly encountered in winter rice, especially
in nursery beds when seeds are planted early or during seedling establishment in the main field when
transplanting is delayed, resulting in serious yield losses [3].

Seed priming has emerged as a simple yet effective strategy to mitigate these challenges. This
pre-sowing technique involves partially hydrating seeds and then drying them before the radicle emerges [4].
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Priming triggers early metabolic activity, preparing the seeds for rapid germination once sown [5]. Studies
have demonstrated that primed seeds germinate faster, produce stronger seedlings, and ultimately lead to
higher yields [6-9]. This is due to enhanced enzyme activity, increased RNA and DNA synthesis, improved
ATP production, and more robust mitochondrial function [10]. Priming also reduces seed dormancy,
accelerates seedling emergence, and fosters stronger, more vigorous seedlings [11,12]. Consequently,
crops often show faster growth, earlier flowering, and improved yields [13,14]. In rice, seed priming has
been shown to improve germination and vigor, enhance tolerance to abiotic stresses like chilling, high
temperature, salinity and drought stresses [7,15-18], and improve competitiveness against weeds [17,19].
Seaweed extracts have also demonstrated broad effectiveness across numerous crop species other than rice.
In cereals such as maize, seaweed extracts from Ecklonia maxima and Sargassum spp. enhanced germination
more effectively than humic substances, and combined seed soaking plus foliar application or repeated
foliar sprays significantly increased chlorophyll content and shoot and root growth [20]. Legumes like
soybean also respond positively, exhibiting improved nutrient uptake, higher pod and seed weight, and
greater drought tolerance [21]. In horticultural crops, seaweed extracts consistently promote growth and
resilience. For instance, long-term use of brown-algae extracts derived from Ascophyllum nodosum and
Durvillaea potatorum has been shown to enhance the performance of tomato by increasing yield traits, fruit
number and quality, and improving both root and shoot biomass [22]. Similar growth and yield enhancing
effects have been reported in cucumber [23], spinach [24], and strawberry [25], where seaweed treatments
improve biomass accumulation, nutrient status, stress resistance, yield, and overall quality. Even perennial
fruit crops such as apples and oranges benefit from seaweed applications, demonstrating improved fruit set,
yield, nutrient composition, post-harvest characteristics, and resistance to pests and diseases [26,27].

Seaweed extract offers another promising, natural approach to improving plant performance. Seaweeds,
marine algae typically found in coastal ecosystems, are categorized into brown, red, and green types.
Among these, brown seaweeds, including species such as Ascophyllum nodosum, Fucus, Laminaria,
Sargassum, and Turbinaria, are most commonly utilized in agriculture as sustainable alternatives to chemical
fertilizers [28,29]. Seaweed extracts are widely used in agriculture for their plant growth-promoting effects
and their ability to improve crop tolerance to various abiotic stresses, such as salinity, extreme temperatures,
nutrient deficiencies, and drought. These extracts contain a variety of chemical constituents, including
complex polysaccharides, fatty acids, vitamins, phytohormones, and essential mineral nutrients. The
presence of these bioactive compounds helps enhance plant resilience and overall growth, making seaweed
extracts a valuable natural resource in sustainable farming practices [30]. Additionally, bioactive compounds
like alginic acids and polyphenols found in seaweed extracts support plant growth and improve tolerance
to both biotic and abiotic stresses. Unlike synthetic chemicals, seaweed-based products are biodegradable,
non-toxic, and environmentally friendly. Numerous studies have reported the positive effects of seaweed
extracts on crop performance, where these natural growth regulators enhance metabolism and increase
yield [31]. While seaweed extract is widely used to improve plant tolerance to various stress conditions, its
application under normal growing conditions, particularly for winter rice, remains limited. It’s therefore
hypothesized that seaweed extract might enhance faster and higher germination, seedling growth, and
vigor of winter rice.

This study aims to explore the potential of seaweed extract as a priming agent in improving seed
germination and seedling vigor under laboratory conditions, and as a bio-stimulant in enhancing seedling
growth of winter rice in a nursery bed.
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2 Materials and Methods
2.1 Laboratory Experiment

2.1.1 Experimental Site

The laboratory experiment was conducted at the Agro Innovation Laboratory, Department of
Agronomy, Bangladesh Agricultural University, in November 2023. The experimental site is located at
23°77’ N latitude and 90°33” E longitude, at an altitude of 18.6 m above sea level, under a sub-tropical climate.

2.1.2 Experimental Material

Seaweed extract (Crop Plus): Crop Plus is a seaweed-based bio-stimulant that enhances plant growth,
yield, and stress tolerance in crops. It contains 18% seaweed extract as the main active ingredient, supported
by 2% alginic acid and 0.1% amino acids that stimulate root development and improve stress resistance. The
formulation also provides essential macronutrients including 8.0% total nitrogen, 2.0% phosphate (P;05),
and 4.0% potash (K;O), along with secondary nutrients such as magnesium (0.1%), calcium (0.8%), and
iodine (0.004%). To enhance nutrient absorption, Crop Plus is enriched with chelated micronutrients: iron
(Fe-EDTA) and manganese (Mn-EDTA) each at 1.56%, copper (Cu-EDTA) at 0.68%, and zinc (Zn-EDTA)
at 0.2%. This balanced formulation not only nourishes plants but also strengthens their resilience against
environmental stress, making it a sustainable solution for crop production.

2.1.3 Plant Material

Rice variety BRRI dhan89: BRRI dhan89 is a high-yielding winter rice variety released by the Bangladesh
Rice Research Institute (BRRI) in 2018. It was developed by crossing BRRI dhan29 with the wild rice Oryza
rufipogon through soma clonal variation. The variety matures in about 154-158 days and yields 8.0-9.7 t
per hectare, with harvest typically from mid-April to early May. BRRI dhan89 is moderately tolerant to
medium wilt disease, grows to about 106 cm in height, and produces medium-sized, slender grains with a
thousand-grain weight of 24.4 g.

2.1.4 Experimental Treatments and Design

The laboratory experiment consisted of a full factorial combination of Crop Plus concentration (0, 0.5,
1.0, and 1.5% w/v; equivalent to 0, 5000, 10,000, and 15,000 ppm) and priming duration (6, 12, 18, and 24 h),
along with a non-primed control. The 0% treatment represented hydropriming with distilled water. Crop
Plus solutions were prepared by dissolving 5, 10, and 15 g of Crop Plus in 1 L of distilled water to obtain 0.5,
1.0, and 1.5% w/v (5000, 10,000, and 15,000 ppm) solutions, respectively.

The study followed a Completely Randomized Design (CRD) with four replications for each treatment
to ensure reliability and statistical accuracy.

2.1.5 Seed Priming and Germination Procedure

Rice seeds were primed according to the designated treatments by soaking them in solutions of
different concentrations prepared with distilled water. Soaking durations were 6, 12, 18, and 24 h at room
temperature (25 + 2°C) under natural light, with ambient relative humidity, maintaining a seed-to-solution
ratio of 1:5 (g L™!). After soaking, the seeds were thoroughly rinsed with distilled water to remove any
residual priming solution. They were then dried with forced air for 48—60 h at 28 &+ 2°C until the moisture
content returned close to the original level (9.5%, determined by the oven-dry method). Once dried, the
seeds were stored in sealed polythene bags at 5 + 1°C for seven days before germination. The control
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treatment consisted of unprimed seeds. During the entire process, no incidents of fungal contamination
were observed.

For germination, sterilized sand was used as the growing medium, and plastic Petri dishes (90 mm
diameter x 15 mm depth) served as containers. Sand moisture was maintained at about 80% of field
capacity by adding distilled water each morning. For each priming treatment, 400 rice seeds were used
in four replicates. In each Petri dish, 100 seeds were sown at a depth of 0.5 cm in the moist sand. The
dishes were then placed on laboratory benches at room temperature (25 + 2°C) under ambient conditions
for germination.

2.1.6 Data Collection and Recorded Parameters

Observations were made on germination pattern, germination percentage, seedling growth, and
vigor-related traits. The measured parameters included germination percentage (GP), days to 50%
germination (Tsp), mean germination time (MGT), seedling vigor index (SVI), and germination index
(GI), which were calculated using standard formulas.

2.1.7 Germination Percentage

The number of germinated seeds were counted every morning. Appearance of plumule over sand
layer was considered as germination. Germination percentages (GP) was calculated as follows:

_ Number of germinated seeds at final count

GP x 100
Total number of seeds tested
Time to 50% germination:
Time to fifty percent germination is calculated as follows:
N
e B

nj—ni

where N is the final number of germination and n;, n; are cumulative numbers of seeds germinated by
adjacent counts at time t; and t; (days), respectively; when n; < N/2 < n;.
Mean germination time (MGT):

Y. Dn
Y.n

where n is the number of seeds germinated on day D and D is the number of days counted from the

MGT =

beginning of germination.
2.1.8 Seedling Vigor Index

After 14 days of seed placement for germination, 10 seedlings from each replicate were randomly
selected. Root and shoot lengths were measured, and then oven dried at 70°C for 72 h to record root and
shoot dry weight of seedlings. Seedling vigor index (SVI) was calculated as follows:

Seedling length (¢cm) x Germination Percentage

Seedling Vigor Index (SVI) = m

where, Seedling length = Root length + shoot length.
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Germination index (GI):

GI = Number of germinated seeds N N Number of germinated seeds
B Day of first count day of final counts

2.1.9 Measurement of Seedling Growth Parameters

Seedling growth was evaluated by measuring both length and weight. Root length was measured from
the base to the tip of the longest root and shoot length from the base to the tip of the longest leaf. The
sum of root and shoot length was considered as total seedling length. For dry weight, ten seedlings were
oven-dried at 60°C for 72 h, after which root, shoot, and total seedling dry weights were recorded. The
balance between root and shoot growth was expressed as the root-to-shoot ratio.

2.2 Nursery Experiment
2.2.1 Experimental Duration and Site

The study was carried out during the Winter season from 10 December 2023 to 22 January 2024 at the
Agronomy Field Laboratory, Department of Agronomy, Bangladesh Agricultural University, Mymensingh
(90°50” E and 24°75’ N latitude, 18 m above sea level). The experimental site belongs to the non-calcareous
dark grey floodplain soil under the Old Brahmaputra Floodplain Agro-Ecological Zone (AEZ-9). The land
was well-drained, medium-high, with silt-loam texture. The soil was nearly neutral (pH 6.8), low in organic
matter (1.27%), and had low fertility (1.1% total N, 25 ppm available P, and 0.16 meq% exchangeable K). The
area is characterized by a subtropical monsoon climate with a humid environment. During the study period,
maximum, minimum, and average temperatures were 28.6°C, 11.2°C, and 18.92°C, respectively; relative
humidity ranged from 40% to 100% with an average of 85.6%. Total rainfall was 0.0 mm, and total sunshine
hrs was 203.5 h.

2.2.2 Experimental Treatments and Design

The experiment consisted of eleven treatments as follows:

(i) Control (no Crop Plus)

(ii) Crop Plus @ 1 mL m™2 at 15 DAS

(iii) Crop Plus @ 1 mL m™2 at 20 DAS

(iv) Crop Plus @ 1 mL m~2 at 30 DAS

(v) Crop Plus @ 1 mL m~2 at 15 DAS and 30 DAS
(vi) Crop Plus @ 1 mL m™2 at 20 DAS and 30 DAS
(vii) Crop Plus @ 2 mL m™2 at 15 DAS

(viii) Crop Plus @ 2 mL m™~2 at 20 DAS

(ix) Crop Plus @ 2 mL m™2 at 30 DAS

(x) Crop Plus @ 2 mL m™2 at 15 DAS and 30 DAS
(xi) Crop Plus @ 2 mL m2 at 20 DAS and 30 DAS

The nursery bed experiment consisted of a factorial combination of Crop Plus foliar application rate
(1 and 2 mL m~2) and application timing (15, 20, and 30 DAS, alone or in combination), along with an
untreated control. The experiment was laid out in a Randomized Complete Block Design (RCBD) with
three replications. The unit plot size was 1.0 m x 1.0 m.

2.2.3 Experimental and Plant Materials Used

The plant material and experimental management were the same as those described in the laboratory experiment.
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2.2.4 Nursery Management

Seeds of BRRI dhan89 were collected from the Agronomy Field Laboratory, Bangladesh Agricultural
University, Mymensingh. They were soaked in water for 24 h and wrapped in moist gunny bags in a warm
condition to enhance seed sprouting. Germination started within 48 h, and sprouted seeds were ready for
sowing after 72 h.

Nursery beds (1.0 m x 1.0 m) were prepared on 10 December 2023 by puddling through repeated
ploughing and laddering, followed by removal of weeds, stubbles, and crop residues. After leveling, the
sprouted seeds were sown in raised wet beds according to the experimental design. No manures or
fertilizers were applied, but proper water management and drainage channels were maintained. The beds
were protected from birds up to 7 DAS. Seedlings were regularly monitored to ensure healthy growth.
During the nursery period, seedlings grew well, remained green, and showed no lodging. Insect attacks
were absent, disease pressure was minimal, and only one manual weeding was needed at 30 DAS.

2.2.5 Application of Seaweed Extract, Sampling, and Harvesting

Liquid seaweed extract (Crop Plus) was applied as a foliar spray at 1 mL m™~2 or 2 mL m™2, diluted with
water according to treatments. Spray volume was maintained at 250 mL m™2, while control plots received
no application.

Seedlings were harvested at 40 DAS (22 January 2024). To minimize injury during uprooting, nursery
beds were moistened with water in the morning and evening before sampling. Ten seedlings were randomly
selected from each bed, carefully uprooted, and taken to the laboratory for measurement. Seedlings from
each bed were bundled separately, properly tagged, and transported for further analysis.

2.2.6 Data Collection and Recorded Parameters

Seedling growth and vigor were assessed by measuring root length (cm), shoot length (cm), total
seedling length (cm), root dry weight (mg), shoot dry weight (mg), total seedling dry weight (mg), and
root-to-shoot ratio (weight basis).

2.2.7 Statistical Analysis of Laboratory and Nursery Experiments

The recorded data was compiled and tabulated for statistical analysis. Data normality was initially
checked using histogram plots. Analysis of variance (ANOVA) was then performed using the Statistix
10 software. Mean differences among treatments were compared using Duncan’s Multiple Range Test
(DMRT) at a significance level of p < 0.01.

3 Results
3.1 Laboratory Experiment

3.1.1 Seed Germination and Seedling Vigor

Seed germination and seedling vigor were strongly influenced by the concentration of seaweed
extract (Crop Plus) and the duration of seed priming. Priming with 5000 ppm for 24 h produced the highest
germination percentage. Treatments with 15,000 ppm for 24 and 18 h, 10,000 ppm for 24 h, and hydropriming
for 24 h showed statistically similar results, while the control consistently produced the lowest germination
percentage (Table 1).

The time required for 50% germination was reduced by seed priming. In particular, 15,000 ppm for
24 h and hydropriming for 24 h were the most effective, resulting in faster germination compared to the
control (Table 1).
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Table 1: Combined effect of priming agent (Crop Plus) concentration and priming duration on winter rice seedling germination.

Treatments

Germination Percentage

Time to 50% Germination

Mean Germination Time

Seedling Vigor Index

Control-no priming
Hydro priming for 6 h
Hydro priming for 12 h
Hydro priming for 18 h
Hydro priming for 24 h
Priming with 5000 ppm for 6 h
Priming with 5000 ppm for 12 h
Priming with 5000 ppm for 18 h
Priming with 5000 ppm for 24 h
Priming with 10,000 ppm for 6 h
Priming with 10,000 ppm for 12 h
Priming with 10,000 ppm for 18 h
Priming with 10,000 ppm for 24 h
Priming with 15,000 ppm for 6 h
Priming with 15,000 ppm for 12 h
Priming with 15,000 ppm for 18 h
Priming with 15,000 ppm for 24 h

84.12 (1.46)
88.82 (3.01) ef
91.10 (1.81) b-e
94.80 (0.91) abc
96.12 (1.03) ab
88.37 (2.53) ef
91.75 (2.09) b-e
94.20 (1.92) a-d
97.12 (1.72) a
89.82 (2.00) cde
90.87 (2.96) b—e
92.80 (2.72) a—e
95.80 (1.19) ab
89.22 (2.18) def
92.92 (3.13) a—e
96.10 (1.33) ab
96.00 (1.34) ab

4.42 (0.36) a
3.70 (0.37) b
3.47(0.17) b
3.27 (0.31) b
3.22(0.22) b
3.75 (0.21) ab
3.42(0.17) b
3.37 (0.17)
3.35 (0.47)
3.57 (0.25)
3.30 (0.33)
3.32(0.37)
)
3.67 (0.17)
3.57 (0.17)
3.40 (0.22)
3.22 (0.17)

0.22

b
b
b
b
b
b
b
b
b
0.17) b

5.70 (0.36) a
452 (0.21) b
4.00 (0.69) bed
3.90 (0.29) bed
3.72(0.21) cd
4.42 (0.17) be
3.85 (0.26) bed
3.70 (0.22) cd
3.60 (0.29) d
4.52(0.34) b
4.07 (0.25) bed
3.65(0.13) d
3.55(0.21) d
4.42 (0.25) be
425 (0.21) bed
3.85 (0.29) bed
3.77 (0.17) bed

14.64 (1.29) f
1833 (1.53) e
19.46 (0.49) cde
20.78 (1.18) a-e
21.07 (1.32) a-d
19.06 (0.80) de
19.93 (0.67) b—e
21.36 (0.89) a-d
22.74 (0.46) a
19.69 (0.40) cde
20.23 (0.58) b—e
21.42 (0.78) a-d
22.72 (0.65) a
20.16 (1.60) b—e
21.52 (0.46) abc
22.31 (1.26) ab
23.11 (0.49) a

Sx
Level of significance
CV (%)

1.47

*%

2.25

(
(
(
(
(
3.20 (0.22
(
(
(
(
0.1

%

7.77

0.21

K

7.17

0.68

%

4.67

All parameters are presented as mean (standard deviation), and values followed by different letters differ significantly. ** =

Significant at 1% level of probability (p < 0.01).
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Priming had a notable impact on mean germination time as well. Seeds treated with 10,000 ppm Crop
Plus for 24 h germinated the quickest, requiring only 3.5 days compared to 5.7 days in the control. Across
all treatments, primed seeds germinated faster than unprimed ones (Table 1).

Seedling vigor, measured through vigor index, also improved significantly with priming. The strongest
seedlings were obtained with 15,000 ppm for 24 h, followed closely by 10,000 ppm and 5000 ppm for 24 h.
By contrast, the control treatment produced the weakest seedlings (Table 1).

3.1.2 Germination Index

Among the treatments, seeds primed with 15,000 ppm Crop Plus for 24 h and 18 h showed the highest
germination index, indicating enhanced seed vigor and more uniform germination (Fig. 1). In contrast,
hydropriming did not provide any noticeable improvement in the germination index. The control treatment,
without priming, recorded the lowest germination index.

Priming with 15000 ppm for 24 hrs
Priming with 15000 ppm for 18 hrs
Priming with 15000 ppm for 12 hrs
Priming with 15000 ppm for 6 hrs
Priming with 10000 ppm for 24 hrs
Priming with 10000 ppm for 18 hrs
Priming with 10000 ppm for 12 hrs
Priming with 10000 ppm for 6 hrs
Priming with 5000 ppm for 24 hrs
Priming with 5000 ppm for 18 hrs
Priming with 5000 ppm for 12 hrs
Priming with 5000 ppm for 6 hrs
Hydro priming for 24 hrs

Hydro priming for 18 hrs

Hydro priming for 12 hrs

Hydro priming for 6 hrs
Control-no priming

eatments

Seed priming tr

0 20 40 60 80
Germination index

Figure 1: Combined effect of priming agent (Crop Plus) concentration and priming duration on the germination

index of winter rice. Vertical lines on the bars represent the standard deviation of four replications.

3.1.3 Seedling Growth and Biomass

The combined effects of Crop Plus concentration and priming duration had a significant impact on the
growth and biomass of winter rice seedlings. Root length was notably improved by all priming treatments
compared to the control, with no significant differences among the primed seeds. The control seedlings
consistently showed the shortest roots (Table 2).

Shoot length was similarly influenced by priming. The tallest shoots (8.02 cm) were recorded in seeds
primed with 15,000 ppm Crop Plus for 24 h, whereas unprimed seeds produced the shortest shoots (5.68
cm). Total seedling length followed the same pattern: seeds primed with 15,000 ppm, 10,000 ppm, and 5000
ppm for 24 h produced the longest seedlings, while control seedlings were significantly shorter, averaging
17.41 cm (Table 2).

Seedling biomass also benefited from priming. The highest root dry weight (41.91 mg) was observed
in seeds primed with 15,000 ppm for 24 h, whereas hydropriming for 6 h resulted in the lowest root dry
weight (32.45 mg). Shoot dry weight showed a similar trend, with the maximum value (23.27 mg) in 15,000
ppm-primed seeds and the lowest (17.02 mg) in the control (Table 2).
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Table 2: Combined effect of priming agent (Crop Plus) concentration and priming duration on seedling vigor of winter rice.

Treatments Root Length (cm) Shoot Length (cm) Seedling Length (cm) Root Dry Weight (mg)  Shoot Dry Weight (mg) Root: Shoot (Weight)

Control-no priming 11.72 (1.16) b 5.68 (0.37) ¢ 17.41 (1.53) ¢ 36.46 (2.12) be 17.02 (1.06) ¢ 1.90 (0.02)
Hydro priming for 6 h 13.82 (1.30) ab 6.80 (0.29) be 20.63 (1.45) b 32.45 (2.00) ¢ 19.79 (0.70) be 1.84 (0.16)
Hydro priming for 12 h 14.35 (1.27) a 7.02 (0.33) ab 21.37 (0.95) ab 37.51 (1.16) abc 20.57 (1.24) ab 1.83 (0.16)
Hydro priming for 18 h 14.62 (0.70) a 7.29 (0.59) ab 21.92 (1.28) ab 38.48 (0.78) ab 21.16 (1.75) ab 1.82 (0.11)
Hydro priming for 24 h 14.72 (1.12) a 7.20 (0.29) ab 21.92 (1.41) ab 38.65 (2.10) ab 21.02 (1 06) ab 1.84(0.17)
Priming with 5000 ppm for 6 h 14.47 (1.58) a 7.12 (0.49) ab 21.60 (1.49) ab 37.67 (1.75) ab 20.75 (1.56) ab 1.82 (0.23)
Priming with 5000 ppm for 12 h 14.62 (0.54) a 7.10 (0.65) ab 21.73 (0.67) ab 38.46 (0.45) ab 20.46 (1.72) ab 1.89 (0.18)
Priming with 5000 ppm for 18 h 15.27 (0.94) a 7.42 (0.66) ab 22.70 (1.33) ab 39.67 (1.93) ab 21.35 (1.55) ab 1.86 (0.21)
Priming with 5000 ppm for 24 h 15.60 (0.50) a 7.82(0.22) ab 23.42 (0.53) a 40.91 (2.45) ab 23.00 (1.19) ab 1.78 (0.18)
Priming with 10,000 ppm for 6 h 14.70 (0.71) a 7.24 (0.34) ab 21.94 (0.90) ab 38.51 (2.39) ab 20.89 (0.99) ab 1.85 (0.20)
Priming with 10,000 ppm for 12 h 14.85 (0.93) a 7.45 (0.37) ab 22.30 (1.29) ab 38.93 (0.76) ab 21.62 (0.86) ab 1.80 (0.06)
Priming with 10,000 ppm for 18 h 15.47 (0.49) a 7.61 (0.46) ab 23.09 (0.50) ab 40.51 (2.33) ab 22.29 (1 25) ab 1.81 (0.01)
Priming with 10,000 ppm for 24 h 15.87 (0.46) a 7.84 (0.24) ab 2371 (0.68) a 4135 (2.17) ab 22.80 (1.76) ab 1.81 (0.05)
Priming with 15,000 ppm for 6 h 15.02 (0.98) a 7.55 (0.49) ab 22.57 (1.27) ab 39.41 (1.19) ab 21.67 (0 24) ab 1.81 (0.04)
Priming with 15,000 ppm for 12 h 15.42 (0.42) a 7.75 (0.56) ab 23.17 (0.29) ab 40.22 (3.19) ab 22.55 (1.43) ab 1.79 (0.24)
Priming with 15,000 ppm for 18 h 15.57 (0.78) a 7.63 (0.58) ab 23.21 (1.07) ab 40.87 (2.57) ab 22.23 (0.92) ab 1.84 (0.19)
Priming with 15,000 ppm for 24 h 16.05 (0.29) a 8.02 (0.43) a 24.07 (0.26) a 41.91 (2.09) a 23.27 (1.32) a 1.80 (0.10)

Sx 0.64 0.32 0.76 1.40 0.90 0.11

Level of significance * * > * * NS

CV (%) 6.11 6.20 4.86 5.09 5.97 8.41

All parameters are presented as mean (standard deviation), and values followed by different letters differ significantly. ** =

NS = Non-Significant.

Significant at 1% level of probability (p < 0.01),
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Despite these improvements in growth and biomass, the root-to-shoot ratio was not significantly
affected by any of the treatments, indicating a balanced allocation of biomass between roots and shoots.
Overall, these results demonstrate that priming winter rice seeds with 15,000 ppm Crop Plus for 24 h
enhances both seedling growth and biomass accumulation, supporting healthier and more vigorous early
seedling development (Table 2).

3.1.4 Seedling Dry Weight

The concentration of the seed priming agent (Crop Plus) and the duration of priming had a significant
effect on winter rice seedling dry weight. The highest seedling dry weight was observed in seeds primed
with 15,000 ppm for 24 h, whereas the lowest dry weight was recorded in the control (unprimed) seeds

(Fig. 2).

Priming with 15000ppm for 24hrs
Priming with 15000ppm for 18hrs
Priming with 15000ppm for 12hrs
Priming with 15000ppm for 6hrs
Priming with 10000ppm for 24hrs
Priming with 10000ppm for 18hrs
Priming with 10000ppm for 12hrs
Priming with 1000 0ppm £Or 611 |1———
Priming with 5000ppm for 24hrs
Priming with 5000ppm for 18hrs
Priming with 5000ppm for 12hrs
Priming with 5000ppm for 6hrs
Hydro priming for 24hrs

Hydro priming for 18hrs

Hydro priming for 12hrs

Hydro priming for 6hrs
Control-no priming

Seed priming treatments

0 10 20 30 40 50 60 70
Seedling dry weight (mg / seedling)

Figure 2: Combined effect of priming agent (Crop Plus) concentration and priming duration on seedling dry weight

of winter rice in the laboratory. Vertical lines on the bars represent the standard deviation of four replications.

3.2 Nursery Bed Experiment
3.2.1 Seedling Growth and Biomass

Foliar sprays of seaweed extract (Crop Plus) did not significantly affect the root length of winter rice
seedlings, suggesting that root elongation was relatively unaffected by the treatments. However, shoot
growth responded positively to the sprays. The tallest shoots (11.53 cm) were observed in seedlings treated
with 1 mL m~? at 20 and 30 DAS, 2 mL m~2 at 15 and 30 DAS, and 2 mL m™? at 20 and 30 DAS, while the
control seedlings, which received no Crop Plus, had the shortest shoots (9.70 cm) (Table 3).

Total seedling length also increased significantly with foliar applications. The longest seedlings
(21.03 cm) were recorded in treatments receiving 2 mL m™2 at 20 and 30 DAS and 2 mL m~? at 15 and
30 DAS, whereas control seedlings remained shortest (18.60 cm). Root dry weight followed a similar pattern.
The highest root dry weight was found in seedlings treated with 2 mL m™2 at 20 and 30 DAS, 2 mL m™2
at 15 and 30 DAS, 2 mL m~2 at 30 DAS, and 1 mL m~2 at 20 and 30 DAS, while control seedlings had the
lowest root dry weight (156.73 mg) (Table 3).

Shoot dry weight was also highest in seedlings treated with 2 mL m~2 at 20 and 30 DAS and 2 mL m 2
at 15 and 30 DAS, and lowest in the control treatment. The root-to-shoot weight ratio was significantly
influenced by the sprays, with the highest ratio observed in seedlings treated with 1 mL m~2 at 15 DAS,
while the other treatments showed similar ratios, indicating a balanced allocation of biomass between roots
and shoots (Table 3).
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Table 3: Effect of seaweed extract (Crop Plus) doses and foliar spray schedule on Winter rice seedling growth.

11

Treatments Root Length (cm) Shoot Length (cm) Seedling Length (cm) Root Dry Weight (mg) Shoot Dry Weight (mg) Root: Shoot (Weight)
Control or no Crop plus 8.90 (0.60) 9.70 (1.65) 18.60 (2.25) 156.73 (20.42) b 230.00 (14.86) 0.669 (0.11) ab
1 mL m~2 Crop Plus at 15 DAS 8.93 (0.85) 10.16 (0.55) be 19.10 (0.30) de 179.50 (18.15) ab 256.76 (18.18) ef 0.713 (0.05) a
1 mL m~2 Crop Plus at 20 DAS 9.03 (0.75) 10.36 (1.60) abc 19.40 (0.85) cde 185.53 (8.40) ab 268.53 (9.10) def 0.683 (0.04) ab
1 mL m~2 Crop Plus at 30 DAS 9.33 (1.35) 10.73 (0.80) abc 20.06 (2.15) a—d 193.03 (17.16) ab 282.12 (14.45) de 0.695 (0.08) ab
1 mL m™2 Crop Plus at 15 DAS + 30 DAS 9.70 (0.66) 11.00 (0.60) ab 20.70 (1.25) ab 196.43 (6.90) a 286.90 (15.30) cde 0.673 (0.04) ab
1 mL m2 Crop Plus at 20 DAS + 30 DAS 9.60 (0.30) 11.40 (1.65) a 21.00 (1.35) ab 203.10 (8.21) a 298.78 (10.40) bed 0.671 (0.02) ab
2 mL m™2 Crop Plus at 15 DAS 8.96 (0.75) 10.46 (1.20) abc 19.43 (0.45) cde 189.60 (9.65) ab 302.07 (13.95) bed 0.617 (0.02) b
2 mL m™2 Crop Plus at 20 DAS 9.10 (0.40) 10.70 (1.20) abc 19.80 (0.80) be 203.30 (8.10) a 326.95 (8.25) abc 0.627 (0.03) ab
2 mL m~2 Crop Plus at 30 DAS 9.30 (0.66) 11.20 (0.56) ab 20.50 (1.21) abe 209.10 (13.56) a 338.09 (13.30) ab 0.613 (0.05) b
2mL m™2 Crop Plus at 15 DAS + 30 DAS 9.50 (0.40) 11.53 (0.45) a 21.03 (0.85) a 211.73 (7.60) a 342.61 (14.10) a 0.609 (0.01) b
2mL m™2 Crop Plus at 20 DAS + 30 DAS 9.60 (0.70) 11.53 (0.85) a 21.13 (1.55) a 216.70 (13.20) a 350.93 (12.55) a 0.625 (0.03) b
Sx 0.61 0.33 0.34 10.71 11.11 0.02
Level of significance NS ** > ** * =
CV (%) 8.00 3.71 2.08 6.73 4.56 4.50

All parameters are presented as mean (standard deviation), and values followed by different letters differ significantly. ** = Significant at 1% level of probability (p < 0.01),

NS = Non-Significant, DAS = Days After Sowing.
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3.2.2 Seedling Dry Weight

Seedlings treated with 2 mL m™ at 20 and 30 DAS recorded the highest dry weight (567.63 mg),
indicating that this treatment effectively enhanced biomass accumulation during the early growth stage.
In contrast, the control seedlings, which did not receive any Crop Plus, produced the lowest dry weight
(386.73 mg), highlighting the positive role of seaweed extract in promoting seedling overall growth (Fig. 3).

2ml/m2 Crop Plus at 20 DAS +30 DAS
% 2ml/m2 Crop Plus at 15 DAS +30 DAS

§ 2ml/m2 Crop Plus at 30 DAS
-‘: 2ml/m2 Crop Plus at 20DAS
E 2ml/m2 Crop Plus at 15 DAS
2 Iml/m2 Crop Plus at 20 DAS +30 DAS
T 1ml/m2 Crop Plus at 15 DAS+30 DAS
% Iml/m2 Crop Plus at 30 DAS
§ 1 ml/m2 Crop Plus at 20 DAS
E Iml/m2 Crop Plus at 15 DAS

Control or no Crop plus

0 100 200 300 400 500 600

Seedling dry weight (mg / seedling)

Figure 3: Effect of seaweed extract (Crop Plus) doses and foliar spray schedules on seedling dry weight of winter rice

in nursery bed. Vertical lines on the bars represent the standard deviation of four replications.
4 Discussion

This study demonstrates that seaweed extract (Crop Plus) can play a vital role in improving the
germination, vigor, and early growth of winter rice. Both laboratory and nursery experiments confirmed
that seed priming and foliar application enhanced seedling performance compared to untreated controls.
Priming with 15,000 ppm for 24 h produced the best results across different parameters compared to
untreated seeds. Lower concentrations such as 10,000 ppm and 5000 ppm were also beneficial, while
unprimed seeds consistently performed the poorest. Foliar sprays of seaweed extract also improved seedling
development, particularly shoot length and biomass, with the strongest effects observed in most cases when
2 was applied at 20 and 30 DAS, although the results varied across different parameters.

The positive role of seaweed extracts in early plant development is well established. They are

2mL m™

widely recognized as natural bio stimulants, supplying plant growth regulators such as auxins, cytokinins,
and gibberellins [32], along with essential micronutrients [33]. These compounds improve germination
percentage, enhance root and shoot elongation, and strengthen seedling vigor. Importantly, the effects
are concentration-dependent, while optimal levels stimulate germination and growth, excessively high
doses may suppress performance due to salt stress. The optimal concentration for promoting germination
varies by seaweed species and crop sensitivity to specific bioactive compounds. For example, a 15%
concentration of Kappaphycus or Gracilaria sap significantly improved wheat germination [34]. On the
other hand, Ghaderiardakani et al. [35] found that Ulva extract concentrations above 0.1% inhibit Arabidopsis
germination and root growth.
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Earlier studies [36,37] have supported the role of seed priming with different agents as natural
enhancers of germination and vigor. Bright et al. [38] similarly showed that priming rice seeds with
a cyanobacterial-bacterial biofilm extract (CBB) at 100-200 mL kg~! significantly increased germination
and seedling length, further supporting the effectiveness of biological priming agents in enhancing early
seedling vigor. In our study, priming seeds with a 15,000-ppm seaweed extract for 24 h increased germination
by 14.12% and boosted the vigor index by 57.85%. Similar trends have been observed in other crops, where
seed priming not only boosts the germination rate but also improves uniformity and seedling vigor [16]. For
example, A 20% seaweed liquid extract from Sargassum wightii increased the seed germination of Triticum
aestivum var. Pusa Gold by 11% compared to the control [39]. Similary, in maize [20], and groundnut [40]
priming with seaweed extract increased seed germination. This may be because seaweed sap provides
essential nutrients and plant growth regulators like IAA, gibberellins, cytokinins, choline chloride, and
glycine betaine, all of which support positive physiological responses [41]. Additionally, in our study,
priming with seaweed extract reduced the mean germination time (3.5 days for 10,000 ppm compared
to 5.7 days in the control), showing that primed seeds germinate more quickly and uniformly. Faster
germination and improved vigor are likely due to enhanced water uptake during priming, which activates
metabolic processes and strengthens seed membranes, preparing the seeds for rapid growth [7].

Furthermore, in our subsequent nursery experiments, root elongation was less affected, yet overall
seedling size and dry weight improved significantly. Compared with Castro et al. [42], who has observed
a 20% increase in rice root length using a 2% Kappaphycus alvarezii extract, the smaller root response in
our study may be due to BRRI dhan89’s varietal traits or differences in extract composition. However, the
increase in total seedling biomass is consistent with international findings, which similarly report steady
stimulation of shoot growth across diverse environments. For example, Elamparithi et al. [43] reported that,
foliar spray of seaweed extract combined with seed presoaking in Sargassum myricocystum methanol extract
under field conditions increased rice dry matter production by 31.27%, which is comparable to our observed
31.9% increase in seedling dry weight under nursery conditions. This indicates that even in controlled
environments, seaweed extracts can induce growth enhancements similar in magnitude to those observed
in field trials. These growth-promoting effects are largely attributed to the diverse bioactive compounds
present in seaweed extracts. Auxins stimulate cell elongation and root initiation, cytokinins enhance shoot
development, leaf expansion, and nutrient mobilization, and gibberellins promote stem elongation and seed
germination. Polysaccharides such as alginates and laminarins act as signaling molecules that activate
defense pathways and improve stress tolerance, while betaine and polyphenols function as osmoprotectants
and antioxidants, reducing oxidative damage under stress conditions [44,45].

The benefits of seaweed extracts extend beyond germination to overall plant growth and nutrient
acquisition. Previous studies have shown that plants treated with Ascophyllum nodosum extract demonstrate
enhanced uptake of nitrogen and sulfur, linked to the activation of genes encoding root transporters for
nitrate (BnNRT1.1, BhNRT2.1) and sulfate (BnSultr4.1, BnSultr4.2) [46—49]. Such gene-level responses provide
a mechanistic explanation for the improved growth observed in our study. Several studies have reported
that combining seaweed extracts increases plant height, leaf area, dry weight, and overall biomass [50,51].
This effect is likely because seaweed extracts supply growth-promoting substances while also stimulating
soil biological activity. Together, these factors enhance the plant’s ability to produce more dry matter and
reach its full growth potential [52].

Furthermore, seaweed extract contains natural chelating agents like alginates and mannitol, which
bind to micronutrients such as iron, zinc, and manganese, making them more accessible for rice plants.
This improved nutrient availability enhances absorption and utilization, resulting in healthier and more
productive crops. In addition, seaweed extract functions as a natural bio stimulant by supporting beneficial
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microbes in the rhizosphere. A healthier soil ecosystem, in turn, ensures better nutrient uptake and overall
crop performance [53]. For instance, a study from China reported that foliar application of seaweed extracts
significantly modified the rhizosphere bacterial community at both tillering and heading stages, increasing
bacterial diversity and nutrient availability, particularly nitrate, phosphorus, and potassium [54]. However,
soil biological activity was not measured in our study, and this explanation remains hypothetical. Although
nutrient uptake in rice seedlings is limited, it is essential for establishing healthy plants. Enhanced plant
growth following seaweed extract application has also been reported in rice [55,56], and okra (Abelmoschus
esculentus) [57].

Foliar application provides a faster way to deliver mineral nutrients to plants compared to traditional
soil application methods [58,59]. This efficiency is largely because nutrients are actively absorbed through
stomata rather than slowly diffusing through the leaf cuticle [60,61]. The nursery experiment further
reinforced these results, showing that foliar sprays of seaweed extract significantly improved seedling height,
length, and biomass. These improvements are consistent with previous reports where foliar application of
seaweed extracts enhanced plant height, dry weight, and growth rate in several crops [34,62]. The observed
increase in seedling dry weight and balanced root-to-shoot ratio suggests that foliar applications improve
nutrient mobilization and biomass partitioning, leading to healthier seedlings. Similarly, Devi and Mani [63]
reported increases in plant height, leaf area index, and crop growth rate of rice at all growth stages due to
foliar application of seaweed saps (Kappaphycus alvarezii and Gracilaria). These physiological responses
were attributed to enhanced nutrient mobilization and partitioning, which promoted greater leaf area, dry
matter accumulation, and overall crop growth.

Moreover, seaweed extracts also enhance the synthesis of bioactive molecules. Different seaweed
species contain unique bioactive compounds, which means their extracts can influence plant growth
in different ways. Interestingly, these active substances are effective even when applied in very small
amounts [64]. For instance, spinach treated with A. nodosum extract showed significant increases in biomass,
chlorophyll, carotenoids, proteins, phenolics, flavonoids, and antioxidant activity, improvements that were
linked to upregulation of the GS1 gene involved in nitrogen assimilation [65]. Such responses highlight
the dual role of seaweed extracts in strengthening plant nutrition. This could also explain the observed
effect on rice seedlings. It is important to note that, in our study, improvements in nutrient mobilization
or hormone activity were not measured. Therefore, these interpretations should be considered potential
rather than confirmed mechanisms.

Study Limitations and Future Directions

Despite the positive outcomes, this study has several limitations. The results were obtained under
controlled laboratory and nursery conditions, and no field trials were conducted, which restricts the ability
to predict responses under variable environmental conditions. The short duration of the experiment limits
insight into longer-term physiological effects. Additionally, only a single seaweed extract product was tested,
and no comparisons were made with other biostimulants or conventional fertilizers. These limitations
indicate that the present findings should be interpreted as preliminary.

Future research should include multi-season field evaluations, comparisons with microbial inoculants
and standard fertilization regimes, and detailed biochemical analyses of seaweed extracts to identify
the active compounds responsible for the observed responses. Additional physiological measurements,
including nutrient profiling, hormone analysis, and root system architecture studies, would help clarify the
underlying mechanisms.
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5 Conclusion

Taken together, our results indicate that Crop Plus has promising potential as a natural bio-stimulant
capable of enhancing seed germination, accelerating early seedling growth and vigor, and improving
biomass accumulation in winter rice. The combined use of seed priming and foliar applications suggests
that seaweed extracts may offer a sustainable approach to strengthening crop establishment and productivity.
Among the treatments evaluated, priming rice seeds with 15,000 ppm seaweed extract for 24 h, followed
by nursery application at 2 mL m™2 at 20 and 30 DAS, produced the higher germination, better seedling
growth, and greater vigor of winter rice. These findings show that seaweed extract can serve as an effective
tool for improving seedling performance in winter rice; however, broader field validation and multi-season
evaluations are needed before definitive agronomic recommendations can be made.
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