
 

 

INTRODUCTION 

 

The rapidly growing world population demand an increase in 

food production and product quality at the expense of 

decreasing land, increasing water scarcity and climate change 

phenomenon. Tam Giang - Cau Hai lagoon is located in Thua 

Thien Hue province, Central Vietnam which covers roughly 

22,000 hectares has many areas of rivers, lakes, and ponds 

with many types of water bodies rich in many common 

aquatic weeds about a total of 16 species (Ancion et al., 2009; 

Ton That Phap et al., 2001; 2009). Aquatic weeds, including 

seaweed, are widely used to produce nutritious food for 

humans, raw materials and have recently been used for 

fertilizer production by leaf and root. Protein, amino acids, 

and essential plant growth stimulants can be found in aquatic 

weeds and their hydrolysate solutions (Blunden et al., 1997; 

Rosalba et al., 2014). The seaweed extract contains many 

biologically active compounds including phytohormones and 

mineral compounds. As a result, seaweed extract has been 

used as a growth stimulant in several studies (Malmoud et al., 

2019). Seaweed extract application has also been found to 

 
Hoa, H. T. T., T. T. Duc, D. D. Thuc, T.T. A.Tuyet, N. Q. Co and H. ur Rehman. 2022. Efficiency of bio-foliar fertilizer extracted from seaweed and water 

hyacinth on lettuce (Lactuca sativa) vegetable in Central Vietnam. Pakistan Journal of Agricultural Sciences. 59:1-7. 

[Received 8 November 2021; Accepted 12 Feb 2022; Published 18 Mar 2022] 

 Attribution 4.0 International (CC BY 4.0) 

increase the vigor of the pea (Carvalho et al., 2013). Aquatic 

plants have been used to assess diversity, use as animal feed 

and soil mulch. However, studies on aquatic weeds to provide 

nutrients for crops are not much studied. Chemical fertilizers, 

growth stimulants, and pesticides play a vital part in modern 

agricultural production, with the ability to prevent disease, 

boost crop productivity, and provide amazing cost efficiency. 

However, excessive synthetic fertilizers use, growth 

stimulants, and pesticides has resulted in unfavorable 

outcomes in agricultural production (Hoang et al., 2018; 

Makawita et al., 2021). The initial survey results showed that 

people used a variety of growth stimulants for crops derived 

from pesticides. These pesticides are very cheap, highly toxic, 

kill insects, stimulate more growth and make vegetables 

greener (Nguyen et al., 2018). And growers harvest 

vegetables before the time, to fetch high market price. 

Therefore, the use of biological fertilizers and natural 

nutrients, especially biological active substances, is 

increasingly in agricultural production in Vietnam. 

Developing foliar bio-fertilizers extracted from aquatic weeds 

can provide alternative natural source, will reduce the 
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Foliar fertilizer is important for lettuce vegetable development and yield. The present investigation studied different types and 

ratios of bio-foliar fertilizer to water seaweed extract and water hyacinth (0:1, 1:10, 1:20 and 1:30) in comparison to different 

two commercially available foliar fertilizers on growth, and quality attributes of lettuce. Four pot and field experiments were 

undertaken in spring seasons of 2020 and 2021 in randomized complete block design using three replications. The findings 

revealed that lettuce yield and quality were dependent on the type and spraying ratio of bio-foliar fertilizer from seaweed and 

water hyacinth. Improved yield and quality of lettuce was found when bio-foliar fertilizers from seaweed and water hyacinth 

were sprayed at ratio 1:10 (increasing compared to control in 68–81% with seaweed; 61–70% with water hyacinth in pot 

experiment and 19% with seaweed; 14–17% with water hyacinth in field experiment). Nitrate content was within standard 

range <1000 mg kg-1 and brix content from 2.20-2.65% as compared to commercial foliar fertilizer. A close relationship was 

found between biomass yield (R2 = 0.46 to 0.66) and economic yield (R2 = 0.50 to 0.64) with type and ratio of bio-fertilizer. 

In conclusion, a bio-foliar fertilizer extracts from seaweed at a spraying ratio of 1:10 can be used to achieve better yield and 

quality for lettuce crop. 
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environmental impact of chemical fertilizers and pesticides 

application, increase productivity and quality of crops, for 

sustainable agricultural development. Therefore, this study 

determined the best ratio and type of bio-foliar fertilizer from 

seaweed extract and water hyacinth in improving growth, 

yield and quality for lettuce for two growing seasons. 

 

MATERIALS AND METHODS 

 

Experimental sites and soil physio-chemical properties: The 

pot experiments were conducted under wire house condition 

at Faculty of Agronomy, University of Agriculture and 

Forestry, Hue University from February to April, 2020. The 

field experiments were carried out in Huong Long ward, Hue 

city, Thua Thien Hue province, Central Vietnam from April 

to May, 2020 and January to February, 2021. The soils used 

in these experiments were alluvial (Fluvisols). This region has 

a humid tropical climate with two seasons as dry from April 

to September and other rainy from October to March with an 

average rainfall of 2,300 mm year-1 concentrated over a short 

period from October to December and average temperature of 

26 and 35oC. Soil of these experiments were rather acidic (5.2 

pHKCl), low in total organic carbon of1.35%, total N, P and K 

of 0.06%, 0.05% and 0.25%. 

Bio-foliar fertilizer preparation: Bio-foliar fertilizer 

extraction: Aquatic plant samples including seaweed 

(Vallisneria spiralis) in lagoon and water hyacinth 

(Eichhornia crassipes) were collected from ponds, lakes in 

Thua Thien Hue province. They were then drained and taken 

to the laboratory and washed three or four times with clean 

water to eliminate all sand particles, especially fungal 

pathogens. A plastic container with capacity of 100 L 

consisted of the 50 kg of each aquatic plant type and added 

with 0.5 kg of Trichoderma sp., 2 L of molasses, after which 

stirred, covered tightly, and stored until sampling. Foliar 

fertilizer was extracted after composting for 2 months by 

squeezing water, then filtered through a small hole sieve to 

remove the residue and only the solution was taken and 

preserved it in airtight container until use. Quality analysis of 

extracts was performed after 60 days of incubation following 

standard methods and showed that soil contained pH= 6.87, 

EC=1.78 dS m-1, OM=33.34%, N=0.45%; P =0.17% and K 

=1.34% contents only. 

Experimental layout: Two experiments with soil filled pots 

were conducted on lettuce (Lactuca sativa) cv. Mo, a cash 

crop usually grown by small landholders, during the spring 

season (February to May, 2020) with five application 

extraction ratio (bio-foliar fertilizer: water) (0:1, 1:10, 1:20 

and 1:30). The experiments were conducted in a randomized 

completed block design in three replications. The pot size was 

15 x 15 cm. The air-dried, sieved and treated soil collected 

from a 0–20 cm depth was analyzed for chemical 

characteristics. Each experimental pot contained 2 kg of soil, 

treated with lime (0.3 g of lime pot-1) and mixed with cattle 

manure (8.3 g pot-1) containing C: 35%, total N, P and K of 

1.1%, 0.4% and 0.6% respectively before t sowing. Each pot 

was grown with one plant with 2-3 true leaves (20 days old). 

Spraying time was from 5-6 pm. Foliar fertilizer was mixed 

with water according to the above ratio and sprayed directly 

into plants with the amount of 5 ml plant-1 (plants from 3 to 

10 days old); 10 ml plant-1 (plants from 11-15 days old); 15 

ml plant-1 (plants from 16 - 20 days old). Plants were sprayed 

at 3-day interval and ended before harvest at least 5 days. 

Based on the pot experiments, two best ratios of treatments 

(one from seaweed and one from water hyacinth) were 

selected to compare with commercial foliar fertilizers used 

frequently on lettuce (Mo variety) for growth and yield under 

field condition. Field experiments were comprised of 

following five treatments including (1) control (water 

spraying); (2) bio-foliar fertilizer (ratio 1:10 from water 

hyacinth); (3) bio-foliar fertilizer (ratio 1:10 from seaweed); 

(4) Seaweed fertilizer imported from Japan (N 0.63%; P 

0.08%; K 12.7%); (5) Growmore (N 15%; P 13%; K 12%) 

based on 15 tons of manure and 500 kg lime ha-1. Under field 

condition, randomized complete block design (RCBD) was 

used in three-replications and with a net plot area of 10 m2. 

Foliar fertilizers were sprayed at 1 L plot-1 following the ratio 

in each treatment, number of sprays were at 3-day interval and 

ended at least 5 days before harvest. 
Determination of lettuce yield and quality: Lettuce yield was 
measured after harvesting the plants in both pot and field 
experiments. The plants were harvested at 30‒39 days after 
planting. In pot experiments, all plants were collected. In the 
field experiment, we made a sample of total of 30 plants from 
the middle of four seed rows by selecting in a row with every 
eighth marketable plants. A composite sample of ten plants 
was used to determine a whole-plant weight. At physiological 
maturity stage, an area of 2 m2 was harvested to measure the 
marketable yield. Mean yields were calculated in two 
cropping seasons.  
Lettuce quality: The brix content was measured from 5 plants 
by Brix meter and nitrate content by colorimetric method. The 
nitrates in the extracts of the analyzed samples were converted 
to nitrites by the enzyme nitrate reductase. The nitrites were 
converted together with nitrites available in the analyzed 
samples to react with sulfanilamide and N-1-naphtyl- 
ethylene diamine hydrochloride. The color intensity of red-
form chemical was measured on a spectrophotometer at 540 
nm wavelength. The difference between the values was used 
to compute the nitrate content. 
Statistical analysis: The statistical analyses were carried out 
following ANOVA and Tukey’s test for comparing 
differences among treatments at 5% probability using the 
SPSS 20.0 analytical software package. 
 
RESULTS 

 

Response of bio-foliar fertilizer on yield of lettuce: Results 

showed that type and ratio of bio-foliar from aquatic plants 
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impacted dry matter of lettuce at harvesting in pot experiment 

(Table 1). The dry matter varied from 1.2 to 2.4 g plant-1 in 

season 1 and from 1.2 to 2.2 g plant-1 in season 2. The highest 

dry matter was found at a ratio of 1:10 in both types of bio-

foliar (2.1–2.2 g plant-1 at BT type-water hyacinth and 2.2–

2.4 g plant-1 at RB type-seaweed) than control from 0.9-1.0 g 

plant-1 and 0.7 g plant-1 in BT and RB types, respectively.  

 

 

 
Figure 1. Relationship between types and spraying ratio 

of bio-foliar fertilizer to biomass and economic 

yields of lettuce. 

 

The water hyacinth bio-foliar fertilizer and seaweed at ratio 

of 1:10, had the maximum biomass yield in both seasons 

ranging from 37.9 to 42.1 g pot-1 and 41.1 to 44.4 g pot-1 

respectively. Nonetheless, in both different types of bio-foliar 

fertilizer, the higher biomass yield was found in seaweed than 

in water hyacinth at 1:10 ratio (Table 1). 

The types of bio-foliar fertilizer extracted from BT and RB at 

a spray ratio of 1:10 had the highest economic yield during 

both seasons, followed by a 1:20 spray ratio, respectively 

(Table 1). Thus, in both types of bio-foliar fertilizer, the spray 

ratio of 1:10 gave the highest economic yield, in which the 

RB type had higher than BT type (1.6–2.3 g pot-1). 

There was also a close relationship between biomass yield of 

lettuce (R2=0.46 to 0.66) and economic yield (R2 =0.50 to 

0.64), type and ratio of bio-fertilizer from aquatic plants 

(Fig. 1). 

Data in field experiment indicated that dry matter content of 

lettuce varied significantly (Table 2) and maximum dry 

matter was found with Growmore application and followed 

by application of bio-foliar fertilizer from seaweed at a ratio 

of 1:10. 

Highest biomass yields were observed with spraying seaweed 

at a ratio 1:10 which ranged from 11.34–13.11 t ha-1, however, 

differences in biomass yield was non-significant during crop 

season 1 and 2 respectively. Similarly, economic yields of 

lettuce also showed significant differences for bio-fertilizer 

sprays and crop seasons. Economic yield was the highest for 

bio-foliar fertilizer from seaweed with a ratio of 1:10 in both 

crop seasons.  

Interestingly, a close relationship between biomass yield (R2 

= 0.45 to 0.77) and economic yield of lettuce (R2 = 0.54 to 

0.84) and types of foliar fertilizer in experimental treatments 

was also found under field condition (Fig. 2). 

Response of bio-foliar fertilizer on quality of lettuce in pot 

and field experiments: There was found a significant 

difference in brix content at p<0.05 in both seasons and 

highest brix contents of 2.2–2.3% with foliar spray of RB 1:10 

in pot condition. The highest nitrate content in the leaves of 

lettuce was found for bio-foliar fertilizer extracted from water 

hyacinth than the extract from seaweed. However, all 

treatments had very low nitrate content in the leaves (< 200 

mg kg-1) (Table 3). 

Table 1. Effect of bio-foliar fertilizer from aquatic plants on yield of lettuce in pot experiment. 

Treatment Dry matter (g plant-1) Biomass yield (g pot-1) Economic yield (g pot-1) 

Season 1 Season 2 Season 1 Season 2 Season 1 Season 2 

Control (water spray) 1.20b 1.20b 27.30b 24.20b 23.90b 21.60b 

BT 1:10 2.20a 2.10a 42.10a 37.90ab 38.60ab 36.80a 

BT 1:20 1.90ab 1.60ab 40.20a 34.30ab 36.00ab 33.40ab 

BT 1:30 1.70ab 1.50ab 38.50ab 31.40ab 34.70ab 30.10ab 

RB 1:10 2.40a 2.20a 44.40a 41.10a 40.20a 39.10a 

RB 1:20 2.10ab 2.00a 41.30a 35.40ab 38.20ab 34.30ab 

RB 1:30 1.90ab 1.80ab 39.30ab 33.40ab 35.40ab 32.00ab 

LSD0.05 0.70 0.80 7.80 8.50 8.10 9.20 
The means with similar lower case letter within columns did not differ significantly at 5% probability; BT: Bio-foliar fertilizer from 

water hyacinth; RB: Bio-foliar fertilizer from seaweed; Feb – March, 2020 (season 1); March – April, 2020 (season 2). 
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Figure 2. Relationship between different treatments on 

types of bio-foliar fertilizer and biomass and 

economic yields of lettuce. 

Table 3. Effect of bio-foliar fertilizer from aquatic plants 

on quality of lettuce in pot experiment. 

Treatments Brix content (%) NO3
- content in leaf 
(mg kg-1) 

Season 1 Season 2 Season 1 Season 2 

Control 
(water spray) 

1.7b 1.5b 55c 87c 

BT 1:10 2.2a 2.0ab 155a 181a 
BT 1:20 1.8b 2.0ab 114b 131ab 
BT 1:30 1.8b 2.0ab 100b 125b 
RB 1:10 2.3a 2.2a 135ab 159a 
RB 1:20 2.0ab 1.9ab 122b 121b 
RB 1:30 2.2a 1.8ab 110b 118b 
LSD0.05 0.5 0.6 45 56 
The means with similar lower case letter within columns did not 
differ significantly at 5% probability; BT: Bio-foliar fertilizer from 
water hyacinth; RB: Bio-foliar fertilizer from seaweed; Feb – March, 
2020 (season 1); March – April, 2020 (season 2). 

Under field condition, different types of foliar fertilizers 

affected brix and nitrate contents of lettuce. There were 

significant differences in brix and nitrate contents of leaf in 

lettuce. The highest brix content was found with bio-foliar 

fertilizer spray of seaweed at ratio 1:10 (2.53–2.65%) and the 

highest nitrate content ranged from 201–214 mg kg-1 with 

application Growmore fertilizer (Table 4). 

 

Table 4. Effect of bio-foliar fertilizer from aquatic plants 

on quality of lettuce under field condition. 

Treatments Brix content 

(%) 

NO3
- content in 

leaf (mg kg-1) 

2020 2021 2020 2021 

Control (water spray) 2.12a 2.27b 76a 81a 

Water to hyacinth 

extract (1:10) 

2.21b 2.23b 101b 112b 

Water to seaweed 

extract (1:10) 

2.65c 2.53a 96b 105b 

Seaweed fertilizer 2.41b 2.36b 115b 120b 

Growmore 15-13-12 2.33b 2.30b 201c 214c 

LSD 0.05 0.31 0.29 58 76 
The means with similar lower case letter within columns did not 

differ significantly at 5% probability. 

 

DISCUSSION 

 

The rate and type of bio-foliar fertilizers used in this study 

significantly affected lettuce growth, yield, and quality. The 

presence of macronutrients like nitrogen, phosphorus, and 

potassium in crude extracts of aquatic plants might had 

influence on growth. Moreover, many plant growth 

regulators, including auxins, cytokines, gibberellins, abscise 

acid, and others are also present in extracts of seaweeds 

(Garcia et al., 2020). Because water hyacinth gathers nitrogen 

and phosphate in its roots, it is considered as an organic 

fertilizer source (Parra and Hortenstine, 1974). The 

application of 10% kelp waste extracts (KWE) to Brassica 

chinensis plants improved plant growth via increase in shoot 

and root lengths, leaf length, fresh and dry weights, however, 

higher concentrations of kelp waste extracts (20–100%) 

inhibited growth (Zheng et al., 2016; Ghaderiardakani et al., 

2019). The increase in growth of lettuce may be plausible due 

rich in growth substances, macro- and microelements, amino 

Table 2. Effect of bio-foliar fertilizer from aquatic plants on yield of lettuce under field. 

Treatments Dry matter (g plant-1) Biomass yield (t ha-1) Economic yield (t ha-1) 
2020 2021 2020 2021 2020 2021 

Control (water spray) 1.99b 2.24b 9.04d 9.86a 7.64b 7.88c 
Water to hyacinth extract (1:10) 2.29ab 3.18a 11.95c 10.32a 8.93a 8.96ab 
Water to seaweed extract (1:10) 2.37ab 3.58a 13.11a 11.34a 9.40a 9.41a 
Seaweed fertilizer 2.25ab 3.27a 11.47c 10.25a 8.37ab 8.93ab 
Growmore 15-13-12 2.47a 3.60a 12.04b 10.88a 9.13a 9.12ab 
LSD0.05 0.64 0.59 0.91 1.53 1.09 1.12 
The means with similar lower case letter within columns did not differ significantly at 5% probability; BT: Bio-foliar fertilizer from 
water hyacinth; RB: Bio-foliar fertilizer from seaweed. 
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acids, and vitamins present in seaweed extracts. Ganapathy et 

al. (2013) found that seaweed extract is used as a natural 

organic fertilizer with a high nutritional value, and it promotes 

seed germination, enhances yields and resistant ability in 

many crops. 

Dry matter and economic yields were found higher with 

application of bio-foliar fertilizer at ratio of 1:10 from 

seaweed than water hyacinth. Because the chemical 

properties of the bio-fertilizer extracted from seaweed are 

better than water hyacinth, which improves plant’s height and 

the lettuce leaves number (Tran et al., 2018). Many studies 

suggest that seaweeds were used as a bio-fertilizer to reduce 

soil nitrogen, phosphorous, and potassium deficiencies (Nabti 

et al., 2017; Hassan et al., 2021). Paraikovi et al. (2018) found 

that using a plant-derived biostimulant had a greater impact 

on developmental traits such as leaf number, plant height, 

mass head and vitamin C in lettuce leaves and dry matter 

content as compared with Megagreen foliar fertilizer 

application. Furthermore, according to Davari et al. (2012), 

seaweed bio-fertilizers including organic matter have 

provided nutrient content to increase plant development. 

Seaweeds were used as organic fertilizers in large quantities 

to improve field crop development (Chbani et al., 2015). 

Bradáčová et al. (2016) found that adding micronutrients to 

seaweeds enhanced plant biomass that might be attributed to 

the high Zn content. A combination of macroalgae application 

according to Nabti et al., (2017) provided significant levels of 

organic matter and several nutrients, including NH4
-, NO3

-, 

and NO2
-, as well as phosphate. 

The nitrate contents found in lettuce leaves of present study 

are within safe limits compared to the standard threshold 

(MARD, 2007). Likely, Paraikovi et al. (2018) reported the 

effects of brown seaweed Ascophyllum nodosum (L.) 

including the biostimulant Bio-algeen S-90 on plant 

development and total yield. Both treatments reduced nitrate 

contents in leaves and non-marketable harvest. Nonetheless, 

Adriatic algae extracts could also be explored as potential 

biostimulants. 

Likely, Nenseigné et al. (2007) reported that lettuce plants 

treated with inorganic fertilizers grew at a similar rate to the 

control and had the greatest nitrate concentrations. Soil 

application of organic fertilizer showed more lettuce growth 

and yield than soil applied with inorganic fertilizer, however, 

inorganic, and organic fertilizer-treated lettuce had higher 

nitrate concentrations from 5000–6100 and 4300–5200 mg 

kg-1, respectively (Liu et al., 2014). Nevertheless, reduced 

nitrate concentration by 4–10% was observed for soil 

application of organic fertilizers in lettuce compared with 

liquid fertilizers. Previously, it has been reported that organic 

fertilizer application on lettuce accumulated lower nitrate 

concentrations than conventionally treated lettuce 

(Malmauret et al., 2002; Williams et al., 2002; Hajslova et al., 

2005). Thus, using biostimulants derived from seaweed 

extracts in lettuce production may aid to improve lettuce 

nutritional quality, as demonstrated in the current study. 

 

Conclusion: The present study showed that bio-foliar 

fertilizers made from seaweed and water hyacinth affected 

productivity and quality of lettuce crop. In both pot and field 

studies, the type of bio-foliar fertilizer extracted from 

seaweed with a spraying ratio of 1:10 produced the maximum 

production and quality of lettuce crop. Management approach 

in producing foliar bio-fertilizers produced from aquatic 

plants to supply natural nutrients to counteract the drawbacks 

of chemical fertilizers and pesticides, boost crop yield and 

quality, decrease pollution, and promote long-term 

agricultural development.  

 

Author Contributions: HTTH planned, analysed data and 

wrote all parts of manuscript, TTD helped in finalizing 

research theme and objectives, DDT guided experiments, 

TTAT conducted experiments, NQC helped in writing results 

and discussion, HR reviewed and edited article. 

 

Acknowledgements: This work was partially supported by 

Hue University under the Core Research Program, Grant No. 

NCM.DHH.2020.07 and under project number DHH2020-

02-135.  

 

REFERENCES 

 

Ancion, P.V., T.T.H. Hoang, T.P, Ton, K.T. Pham, C. Chiang 

and J.E. Dufey. 2009. Utilization agricole de plantes 

aquatiques, notamment en tant qu’amendement des sols, 

dans la province de Thua Thien Hue, Centre Vietnam. I. 

Inventaire, abondance et caractérisation chimique des 

plantes aquatiques disponibles localement. Tropicultura. 

27:144-151. 

Battacharyya, D., M.Z. Babgohari, P. Rathor and B. 

Prithiviraj. 2015. Seaweed extracts as biostimulants in 

horticulture. Scientia Horticulturae.196:39-48. 

Blunden, G., T. Jenkins and L.Y. Wan. 1997. Enhanced leaf 

chlorophyll levels in plants treated with seaweed extracts. 

Journal of Applied Phycology.8:535-543. 

Bradáčová, K., N.F. Weber, N. Morad-Talab, N. M. Asim, M. 

Imran, M. Weinmenn and G. Neumann. 

2016. Micronutrients (Zn/Mn), seaweed extracts, and 

plant growth-promoting bacteria as cold-stress 

protectants in maize. Chemical and 

Biological Technologies in Agriculture. 3:1-10. 

Carvalho, M. E. A., P.R.C. Castro, A.D.C. Novembre and 

H.M.C.P. Chamma. 2013. Seaweed extracts improves 

the vigor and provides the rapid emergence of dry bean 

seeds. American-Eurasian 

Journal of Agriculture and Environmental Sciences. 

13:104-1107. 



Hoa, Duc, Thuc, Tuyet, Co & Rehman 

 

 6 

Carvalho, M. E. A., P.R.C. Castro, S.A. Gaziola and R.A. 

Azevedo. 2018. Is seaweed extract an elicitor compound? 

Changing proline content in drought- stressed bean 

plants. Comunicata Scientiae.9:292-297. 

Chbania, A., S. Majeda, H. Mawlawia and M. Kammouna. 

2015. The use of seaweed as a bio-fertilizer: Does it 

influence proline and chlorophyll concentration in 

plants treated? Arabian Journal of Medicinal 

and Aromatic Plants. 1:67-77. 

Davari, M., S.N. Sharma and M. Mirzakhani. 2012. Residual 

influence of organic material, crop residues, and 

biofertilizers on performance of succeeding mung bean 

in an organic rice-based cropping system. 

International Journal of Recycling of Organic 

Waste in Agriculture. 1:1-14. 

Ertani, A., O. Francioso, A. Tinti, M. Schiavon, D. 

Pizzeghello, and S. Nardi. 2018. Evaluation of seaweed 

extracts from Laminaria and Ascophyllum nodosum spp. 

as biostimulants in Zea mays L. using a combination of 

chemical, biochemical and morphological approaches. 

Frontiers in Plant Science. 9:428. 

Ghaderiardakani, F., E. Collas, D.K. Damiano, K Tagg, N.S. 

Graham and J.C. Coates. 2019. Effects of green seaweed 

extract on Arabidopsis early development suggest roles 

for hormone signalling in plant responses to algal 

fertilisers. Scientific Reports. 9:1983. 

Garcia, I.B., A.K.D. Ledezma, E.M. Montaño, J.A.S. Leyva, 

E. Carrera and I.O. Ruiz. 2020. Identification and 

Quantification of Plant Growth Regulators and 

Antioxidant Compounds in Aqueous Extracts of Padina 

durvillaei and Ulva lactuca. Agronomy.10:866. 

Ganapathy, S.G. and K. Sivakumar. 2013. Effect of foliar 

spray form seaweed liquid fertilizer of Ulva reticulata 

(Forsk.) on Vigna mungo L. and their elemental 

composition using SEM- energy dispersive spectroscopic 

analysis. Asian Pacific Journal of Reproduction. 2:119-

125. 

Hajslova, J., V. Schulzova, P. Slanina, K. Janne, K.E. 

Hellenas and C. Andersson. 2005. Quality of organically 

and conventionally grown potatoes: four-year study of 

micronutrients, metals, secondary metabolities, enzymic 

browning and organoleptic properties. Food 

Additives and Contaminants. 22:514-534. 

Hassan, S. M., M. Ashour, A.A.F. Soliman, H.A. Hassanien, 

W.F. Alsanie, A. Gaber and M.E. Elshobary. 2021. The 

potential of a new commercial seaweed extract in 

stimulating morpho-agronomic and bioactive properties 

of Eruca vesicaria (L.) Cav. Sustainability.13:4485. 

Hoang, T.T.H., D.T. Do and T.S. Trinh. 2018. Nitrogen 

fertilization management and nitrous oxide emission in 

lettuce vegetable fields in central Vietnam. International 

Journal of Agriculture and Biology. 20:249-254. 

Kurepin, L.V., M. Zaman and R.P. Pharis. 2014.  

Phytohormonal basis for the plant growth promoting action of 

naturally occurring bio-stimulators. Journal of the 

Science of Food and Agriculture. 94:1715-1722. 

Liu C.W., Y. Sung, B.C. Chen and H.Y. Lai. 2014. Effects of 

nitrogen fertilizers on the growth and nitrate content of 

lettuce (Lactuca sativa L.). International Journal of 

Environmental Research and Public Health.11:4427-

4440. 

Malmauret, L., D. Parent-Massin, J.L. Hardy and P. Verger. 

2002. Contaminants in organic and conventional 

foodstuffs in France. Food Additives and Contaminants. 

19:524-532. 

Ministry of Agriculture and Rural Development (MARD). 

2007. Regulations on production management and 

certification of safe vegetables in Vietnam. Decision No. 

04/2007/QĐ-BNN dated 19/01/2007. 

Mahmoud, S.H., D.M Salama, A.M.M. El-Tanahy and E.H.A. 

El-Samad. 2019. Utilization of seaweed (Sargassum 

vulgare) extract to enhance growth, yield and nutritional 

quality of red radish plants. Annals 

of Agricultural Sciences. 64:167-175. 

Makawita, G.I.P.S., I. Wickramasinghe and I. Wijesekara. 

2021. Using brown seaweed as a biofertilizer in the crop 

management industry and assessing the nutrient 

upliftment of crops. Asian Journal of Agriculture and 

Biology DOI: https://doi.org/10.35495/ajab.2020.04.257  

Nabti, E., B. Jha and A. Hartmann. 2017. Impact of seaweeds 

on agricultural crop production as biofertilizer. 

International Journal of Environmental Science and 

Technology. 14:1119–1134 

Nedzarek, A. and R. Suszczewski., 2004. Decomposition of 

macroalgae and the release of nutrient in Admiralty Bay, 

King George Island, Antarctica. Polar Bioscience.17:26-

35. 

Nguyen T.M., N.T.T. Le, J. Havukainen and D.B. Hannaway. 

2018. Pesticide use in vegetable production: A survey of 

Vietnamese farmers’ knowledge. Plant Protection 

Science. 54:1-12. 

Renseigné, N., S. Umar and M. Iqbal. 2007. Nitrate 

accumulation in plants, factors affecting the process, and 

human health implications-A review. Agronomy 

for Sustainable Development. 27:45-57. 

Parra J.V. and C.C. Hortenstine. 1974. Plant nutritional 

content of some Florida water hyacinths and response by 

pearl millet to incorporation of water hyacinths in three 

soil types. Hyacinth Control Journal.12:85-90. 

Parađiković, N., T. Teklić, S. Zeljković, M. Lisjak and M. 

Špoljarević. 2018. Biostimulants research in some 

horticultural plant species-A review. Food Energy 

Security. 8:e00162. 

Rosalba, M.H.H., S.R. Fernando, A.R. Mario, N. Jeffrey, 

H.C. Gustavo. 2014. Effect of liquid seaweed extracts on 

growth of tomato seedlings (Solanum lycopersicum L.). 

Journal of Applied Phycology. 26:619-628. 



Bio-foliar fertilizer on lettuce vegetable 

 

 7 

Sharma, H. S. S., C. Fleming, C. Selby, J.R. Rao and T. 

Martin. 2014. Plant biostimulants: A review on the 

processing of macroalgae and use of extracts for crop 

management to reduce abiotic and biotic stresses 

Journal of Applied Phycology. 26:465-490. 

Tran, N. A. S., B.C. Truong, B.T. Do, T.H.T. Phung, T.T.T. 

Le and T.T.T. Nguyen. 2018. Study on extracting 

nutrients from apricot seaweed (Sargassum sp.) with 

orientation to use as organic foliar fertilizer. Journal 

of Techology Science and Food.17:76-89. 

Ton T.P., Q.D. Luong and Q.T. Le. 2001. Distribution of 

high-level aquatic weeds in Tam Giang - Cau Hai lagoon. 

Journal of Thua Thien Hue Information Science and 

Technology. 2:45-51. 

Ton T.P., Q.D. Luong, V.P. Mai, T.C. Le, T.T.H. Phan, V.H. 

Nguyen, V.D. Vo, C.T. Hoang, T.H.T Truong. 2009. 

Biodiversity in Tam Giang - Cau Hai lagoon in Thua 

Thien Hue province, Hue University Publishing House, 

Thua Thien Hue. 

Vyomendra, C. and N. Kumar. 2016. Effect of algal bio-

fertilizer on the Vigna radiata: a critical review. 

International Journal of Engineering Research and 

Applications. 6:85-94. 

Zheng, S., J. Jiang, M. He, S. Zou and C. Wang. 2016. Effect 

of kelp waste extracts on the growth and development of 

pakchoi (Brassica chinensis L.). Scientific Reports. 

6:38683. 

Williams, C.M. 2002. Nutritional quality of organic food: 

Shades of grey or shades or green? Proceedings of 

the Nutrition Society.51:19-24. 

 


