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ABSTRACT 

A field experiment was conducted during rabi season of the two consecutive years of 

2020-21 and 2021-22 at the Horticultural Research Station, Mondouri, BCKV, Nadia, West 

Bengal with the objective to examine the effectiveness of seaweed extract on yield and quality 

of black cumin. The treatments composed of 9 different doses of seaweed extract granule soil 

application, liquid foliar spray and control. Among the 10 treatments, T5 (e.g., SWE granules 

@4kg ha-1) recorded highest average plant height of 29.80 cm, 59.45cm and 73.30 cm, at 60, 

90 and 120 DAS and highest number of primary branches (7,10) and secondary branches 

(24,10) plant-1 respectively at 120 DAS. Similarly, highest seed yield of 536 kg ha-1 along with 

different yield attributing characters like highest mean fresh pod weight (1.40g), dry pod 

weight (0.36g) and pod diameter (0.91cm), seed yield plant-1 (2.76g) and 1000 seed weight 

(2.45g) were recorded under the treatment T5. Highest B: C ratio (1.97) and highest net 

return (Rs.52816 ha-1) were also recorded under T5 during the same period of 

experimentation. From the above experiment it may be concluded that the soil application of 

Sea Weed Extract in granular formulation @ 4kg ha-1 has a positive influence on growth, yield 

and quality of black cumin. 
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INTRODUCTION 

Black cumin, scientifically known as Nigella sativa L. is a revered flowering plant 

native to Southwest Asia, celebrated for its rich historical, cultural, and medicinal 

significance. Commonly referred to as black seed or kalonji, it boasts a plethora of therapeutic 

benefits deeply rooted in traditional medicine systems such as Ayurveda, Unani, and 

traditional Middle Eastern medicine. Its small, crescent-shaped seeds, with their distinct 

aroma and flavour, are not only prized as a spice in global cuisines but also esteemed for their 

potent medicinal properties.  

Biostimulants are indispensable in organic farming as they provide a holistic solution 

to the challenges faced by growers striving for sustainable agricultural practices. These 

natural compounds, sourced from a variety of organic materials like seaweed, 

microorganisms, and plant extracts, offer multifaceted benefits that extend from the roots of 

plants to the health of the soil. By improving nutrient uptake efficiency, biostimulants ensure 

that crops receive essential elements necessary for robust growth and development, ultimately 

leading to increased yields and improved crop quality. Moreover, they bolster plants' innate 

defense mechanisms, equipping them to withstand environmental stresses such as drought, 

extreme temperatures, and pest pressures. Seaweed extract fall under this category which 

holds significant importance in promoting plant growth and development due to its rich 

nutritional composition and bioactive compounds. Derived from various species of marine 

algae, seaweed extract is a natural source of macro and micronutrients, vitamins, amino acids, 

and growth-promoting hormones such as auxins, cytokinins, and gibberellins. These 

components play key roles in stimulating root development, enhancing nutrient uptake, and 

promoting overall plant vigor.  
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MATERIAL AND METHODS  

A field experiment (Rabi seasons of 2020-21 and 2021-22) was carried out at the 

Horticultural Research Station, Mondouri and the laboratory of the Department of Plantation, 

Spices, Medicinal and Aromatic crops, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, 

Nadia, West Bengal. The experimental material comprised of 9 different doses of seaweed 

extract (SWE) as foliar spray and soil application as granules given on black Cumin at 30, 60 

and 90 days after showing (T1-SWE foliar spray@1mll-1 , T2-SWE foliar spray @2mll-1, T3-

SWE foliar spray @3mll-1, T4- SWE granules @ 3kg ha-1, T5-SWE granules @4kg ha-1, T6 - 

SWE granules @ 5kgha-1, T7 - SWE foliar spray @1ml l-1+ SWE granules @3kg ha-1 ,T8- 

SWE foliar spray @2mll-1+ SWE granules @ 4kgha-1, T9 - foliar spray @ 3mll-1 + SWE 

granules @ 5kgha-1 and T10 - control)  following randomized block design with 3 replications.  

The soil of the experiment at the field was Gangetic Alluvial sandy clay loam texture, 

well-drained, good water holding capacity with moderate soil fertility status (Sand- 54.25%, 

Silt- 30.20%Clay-14.30%, pH-5.74, Organic carbon (%)- 0.85, N (kg/ha) – 207, P2O5(kg/ha)- 

380.1, K2O (kg/ha)- 526.6, S (mg/ha) - 60.18, Zn (mg/ha)- 1.66, Ca (mg/ha)- 949.55, B 

(mg/ha)-0.44). Well rotten Farm Yard Manure @ 10 t ha-1 was applied at the time of field 

preparation as basal application and mixed well with the soil, no chemical fertilizers were 

applied. The entire experimental area was leveled and then divided into 30 plots of 1.8m × 2.5 

m size. Black Cumin variety Rajendra Shyama seeds were collected from Rajendra 

Agricultural University, Bihar and treated with Trichoderma viride @ 4g kg-1. Each year the 

seeds were sown during the first week of November at a spacing of 30 cm x 10 cm @ 6kgha-1. 

First irrigation was given immediately after sowing. Subsequent irrigations were given at an 

interval of 8-10 days depending upon the soil moisture. Necessary treatments were given as 

per schedule in the respective plots time to time. Randomly selected five tagged plants from 
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each plot were considered for recording the growth parameters like plant height(cm), number 

of primary and secondary branches and dry matter accumulation (g plant-1). The following 

yield parameters like fresh and dry pod weight (g), pod diameter (cm), 1000 seed weight(g), 

plot yield(g) and projected yield (kg ha-1) were also recorded. Harvesting was done during the 

first fortnight of March of each year based upon the climatic condition of that time. The 

quality parameters like essential oil content were done by hydro distillation using Clevenger 

apparatus. The prices of the inputs prevailed at the time of their use were taken into 

consideration to work out the cost of cultivation. Gross income was calculated by multiplying 

the seed yield with prevailing market price of seed. Fisher method of analysis of variance as 

given by Panse and Sukhatme (1967) was applied for analysis and interpretation of data. The 

level of significance used in ‘F’ was at P = 0.05 and critical difference (CD) values were 

worked out wherever ‘F’ test was significant. Correlations were performed using the 

Pearson’s correlation coefficient (r). 

RESULTS AND DISCUSSION 

Table.1: Performance of sea weed extract on plant height, no. of primary, secondary 
branches and dry matter of black Cumin (Mean of 2 years) 

Treatment 
Plant height(cm) Primary 

branch 
plant-1 

Secondary 
branch 
plant-1 

Dry 
matter 
plant-1g 

Days after sowing 
30 60 120 

T1 6.20 25.55 65.08 6.20 20.00 15.64 
T2 5.95 26.35 67.82 6.70 21.30 15.99 
T3 6.20 27.35 68.98 6.30 21.10 16.16 
T4 6.65 27.95 69.65 6.30 20.20 16.44 
T5 5.90 29.80 73.30 7.10 24.10 18.05 
T6 6.55 27.85 70.15 6.70 21.80 15.75 
T7 6.50 26.25 68.24 6.00 20.40 17.41 
T8 6.20 25.90 69.50 6.60 21.30 16.38 
T9 6.20 28.35 71.55 6.90 23.50 17.95 
T10 5.40 25.10 64.02 5.70 18.70 15.19 

SEm(±) 0.19 0.72 0.89 0.12 0.41 0.41 
LSD (0.05) 0.57 2.14 2.61 0.36 1.20 1.21 

(SWE=Sea weed extract, Liquid=L, Granules=G. T1- SWE(L) foliar spray @ 1ml/l, T2 - SWE(L) foliar spray @ 2ml/l,  T3 - 
SWE (L) foliar spray @ 3ml/l, T4- SWE (G) @ 3kg/ha, T5 - SWE (G) @ 4kg/ha, T6 - SWE (G) @ 5kg/ha, T7- SWE(L) foliar 
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spray @1ml/l+SWE (G) @ 3kg/ha, T8 - SWE (L) foliar spray @2ml/l +SWE (G) @ 4kg/ha, T9 - SWE (L) foliar spray @ 
3ml/l +SWE (G) @ 5kg/ha and T10 – Control). 

 

Growth Parameters  

Data presented in Table-1 on plant height of black cumin as influenced by sea weed 

extract revealed that just before imposing treatments at 30DAS maximum plant height of 6.65 

cm was recorded in the plot to be treated with T4 (SWE granules @ 3kg ha-1) and the lowest 

plant height of 5.40 cm was recorded in the control plot (T10). At 60DAS, just before 

application of 2nd dose maximum plant height of 29.80 cm was recorded in the plot treated 

with T5(SWE granules @4kgha-1) followed by T9 (SWE foliar spray @ 3ml l-1+SWE granules 

@ 5kg ha-1) which was 28.35 cm. At 120 DAS after imposing all the treatments as per 

schedule, highest plant height of 73.30cm was recorded in T5 (SWE (G) @ 4kg ha-1) followed 

by T9 (71.55cm) and least in control plots (64.02cm). The number of primary and secondary 

branches plant-1 at 120 DAS of black cumin varied significantly, the maximum number of 

primary branches plant-1 (7.10) was observed in the plots treated with T5 and it was on par 

with T9 (6.90) while minimum of 5.70 was recorded under control. Maximum (24.10) number 

of secondary branches plant-1 was recorded in T5 followed by T9 (23.50). Similarly, T5 

recorded highest dry matter accumulation of 18.05g plant-1 at 120 DAS and it was on par 

(17.95g) with T9 whereas control (T10) recorded minimum of 15.19g dry matter plant-1. 

Table 2: Performance of sea weed extract on fresh, dry pod weight and diameter of  

                   black Cumin pods (Mean of 2 years)  

Treatment Fresh pod weight(g) Dry pod weight(g) Pod diameter(cm) 
T1 1.28 0.27 0.86 
T2 1.29 0.29 0.89 
T3 1.22 0.27 0.87 
T4 1.22 0.26 0.87 
T5 1.40 0.36 0.91 
T6 1.27 0.31 0.90 
T7 1.25 0.30 0.88 
T8 1.34 0.28 0.89 

Comment [Y36]: seaweed 

Comment [Y37]: 30 DAS 

Comment [Y38]: 60 DAS 

Comment [Y39]: the application 

Comment [Y40]: the 2nd 

Comment [Y41]: the highest 

Comment [Y42]: 73.30 cm 

Comment [Y43]: a minimum 

Comment [Y44]: The maximum 

Comment [Y45]: in plant-1 

Comment [Y46]: the highest 

Comment [Y47]: the minimum    
or  
a minimum 

Comment [Y48]: seaweed 



 

 

T9 1.39 0.34 0.90 
T10 1.20 0.25 0.85 

Sem (±) 0.02 0.02 0.02 
LSD (0.05) 0.06 0.06 0.06 

(SWE=Sea weed extract, Liquid=L, Granules=G. T1- SWE(L) foliar spray @ 1ml/l, T2 - SWE(L) foliar spray @ 2ml/l,  T3 - 
SWE (L) foliar spray @ 3ml/l, T4- SWE (G) @ 3kg/ha, T5 - SWE (G) @ 4kg/ha, T6 - SWE (G) @ 5kg/ha, T7- SWE(L) foliar 
spray @1ml/l+SWE (G) @ 3kg/ha, T8 - SWE (L) foliar spray @2ml/l +SWE (G) @ 4kg/ha, T9 - SWE (L) foliar spray @ 
3ml/l +SWE (G) @ 5kg/ha and T10 – Control). 
 

Table 3: Performance of sea weed extract on seed yield plant-1, plot-1, 1000 seed weight, 

projected yield ha-1, increase in yield and essential oil content in black cumin (Mean 

of 2 years) 

Treatment Yield  
plant-1(g) 

Yield  
plot-1(g) 

1000seed 
weight(g) 

Projected 
Yield (kgha-1) 

Increase 
yield (%) 

Essential 
Oil (%) 

T1 2.14 198.50 1.94 352.59 7.20 0.90 
T2 2.41 243.50 1.98 432.88 31.62 1.00 
T3 2.48 252.00 2.09 448.00 36.21 1.00 
T4 2.39 279.00 1.91 496.00 50.81 0.90 
T5 2.76 301.50 2.45 536.00 62.97 0.90 
T6 2.31 294.50 2.04 523.55 59.19 0.90 
T7 2.26 213.50 2.17 379.55 15.40 0.90 
T8 2.35 236.50 1.92 420.44 27.83 0.90 
T9 2.51 299.00 2.36 531.55 61.62 1.00 
T10 1.92 184.00 1.86 328.88 - 0.80 

Sem (±) 0.18 13.44 0.08 23.96 - 0.07 
LSD (0.05) 0.53 39.94 0.24 71.18 - 0.20 
(SWE=Sea weed extract, Liquid=L, Granules=G. T1- SWE(L) foliar spray @ 1ml/l, T2 - SWE(L) foliar spray @ 2ml/l,  T3 - 
SWE (L) foliar spray @ 3ml/l, T4- SWE (G) @ 3kg/ha, T5 - SWE (G) @ 4kg/ha, T6 - SWE (G) @ 5kg/ha, T7- SWE(L) foliar 
spray @1ml/l+SWE (G) @ 3kg/ha, T8 - SWE (L) foliar spray @2ml/l +SWE (G) @ 4kg/ha, T9 - SWE (L) foliar spray @ 
3ml/l +SWE (G) @ 5kg/ha and T10 – Control). 

Yield Parameters 

Perusal of data presented in Table-2 indicated that highest fresh pod weight of 1.40g 

was recorded in the treatment T5 followed by T9 (1.39g) which are at par with each other and 

minimum pod weight of 1.20g was recorded in control plot (T10) only. Highest dry pod weight 

of 0.36g was recorded in the treatment T5 followed by T9 (0.34g) which are at par with each 

other and the least pod weight of 0.25g was recorded in control plot.  

The effect of sea weed extract on seed yield plant-1 as presented in the Table-3 

indicated that among the different treatments, T5 recorded a significantly higher seed yield of 
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2.76g plant-1 followed by T9 (2.51g plant-1) and the lowest seed yield of1.92 g plant-1 was 

recorded in T10. Seed yield plot-1 indicated that among the different treatments, T5 recorded a 

maximum seed yield of 301.50 g plot-1 followed by 299.00 g plot-1 was recorded in T9 while, 

lowest seed yield of 184.00 g plot-1 was recorded in the T10 and T5 recorded a significantly 

highest seed weight of 2.45g (1000 seeds) followed by T9 (2.36g) and lowest of 1.86g (1000 

seeds) in the treatment T10. Projected seed yield ha-1 indicated that the highest projected seed 

yield of 536 kg ha-1 was recorded in the treatment T5 followed by T9 (531.55kgha-1) while, the 

lowest projected seed yield of 328.88 kg ha-1was noted in the treatment T10 and T5 recorded 

the highest increase in yield of 62.97% followed by T9 (61.62%). There were no significant 

differences in essential oil (%) content among the treatments. Among the treatments essential 

oil content ranges between 0.80-1.00% out of which the highest essential oil content 1.00% 

was recorded in the treatments T2, T3 and T9 whereas in all the other treatments it was 

recorded 0.90 % except T10 with 0.80%. 

Table 4: Performance of sea weed extract on economics of black cumin cultivation 

Treatment Cost of cultivation  
(Rs. ha-1) 

Gross income  
(Rs. ha-1) 

Net return  
(Rs. ha-1) 

B:C ratio 

T1 57523 70518 12995 1.23 
T2 60372 86576 26204 1.43 
T3 63222 89600 26378 1.42 
T4 53994 99200 45206 1.84 
T5 54384 107200 52816 1.97 
T6 54804 104710 49906 1.91 
T7 62748 75910 13162 1.21 
T8 65988 84088 18100 1.27 
T9 69258 106310 37052 1.53 

T10 48768 65776 17008 1.35 
(SWE=Sea weed extract, Liquid=L, Granules=G. T1- SWE(L) foliar spray @ 1ml/l, T2 - SWE(L) foliar spray @ 2ml/l,  T3 - 
SWE (L) foliar spray @ 3ml/l, T4- SWE (G) @ 3kg/ha, T5 - SWE (G) @ 4kg/ha, T6 - SWE (G) @ 5kg/ha, T7- SWE(L) foliar 
spray @1ml/l+SWE (G) @ 3kg/ha, T8 - SWE (L) foliar spray @2ml/l +SWE (G) @ 4kg/ha, T9 - SWE (L) foliar spray @ 
3ml/l +SWE (G) @ 5kg/ha and T10 – Control). 
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Economics is an important and ultimate factor that decides the beneficial effect of 

imposing different treatment on the ultimate economic returns of the farmers. The data 

presented in Table 4 on the economics of black cumin cultivation indicated that T5 recorded 

highest B: C ratio of 1.97 with a highest net return of Rs. 52816 ha-1 followed by T6 (1.91 

BCR and Rs. 49,906 ha-1). 

 

Figure-1. Correlation coefficient between traits of black cumin 

Correlation Analysis between Yield and Agronomic Traits 

The correlation analysis was performed between seed yield, plant height, number of 

primary and secondary branches, dry matter accumulation, dry pod weight, seed weight 

(1000) and essential of content. Yield showed a positive correlation with plant height and 

number of branches. It showed negative correlation with essential oil content. All the growth 

parameters showed negative correlation with essential oil content. Test weight had a negative 

correlation with yield. 

DISCUSSION 

These results are in good agreement with previous studies in which growth and 

seedling vigor of mungbean and maize were enhanced by SWE treatment (Rengasamy et al., 

2015; Kannan et al., 2016). The positive effect of SWE on cabbage may be due to the result 
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of combined interactions between SWE and endogenous growth hormones (auxins and 

cytokinins) (Teixeira da Silva et al., 2013). In other way we can say that organic molecules 

such as organic acids, methionine and even amino acids in SWE can increase nutrient 

absorption in plants by chelating the available nutrients, thereby increasing their absorbance 

(Papenfus et al., 2013). Seaweed extracts can equilibrate growth as a result of auxin and 

gibberellin acid presence, which will increase vitamins and hormones producing in the treated 

plants (O’ Dell, 2003). This increase Macronutrients like nitrogen, potassium, and 

phosphorous are very essential for growth and development of the plant (Attememe, 2009). It 

has been indicated that seaweed extract stimulates the mycorrhizal activities in the soil which 

plays a crucial role in absorption of water and nutrients, alleviating any shock. The seaweed 

extracts which promoted root and plant growth through uptake of nutrients may be due to the 

presence of plant growth regulators at low concentrations such as cytokinins and auxins, 

polyamines such as putrescine and spermine which had synergistic action with other plant 

growth regulators especially auxin (Almohammedi et al., 2014). The observation of SWE 

treated Arachis hypogea plants suggested that the growth and biochemical characteristics 

might be promoted by micro and macro elements and growth promoting hormones present in 

the SWE (Ganapathy-selvam and Sivakumar, 2014). Our findings coincide with those of 

earlier studies carried out on soybean (Rathore et al., 2009) where there was an increase in 

vegetative growth by the application of SWE. Similar results were also observed in Cajanus 

cajan (L.) Mill sp. (Mohan et al., 1994), Vigna sinensis L. (Sivasankari et al., 2006), and 

Abelmoschus esculentus (Thirumaran et al, 2009). Seaweed extracts contain cytokinins as 

well, which induce the physiological activities and increase the total chlorophyll in the plant. 

Also, this will positively reflect on the activity of photosynthesis and the synthesized 

materials, which will show on shoots characteristics. The yield of a particular crop may be 

due to the function of a gene, environment (climate and soil) and management practices 
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adopted. Further, yield of the crop depends majorly on the accumulation of photo assimilates 

during the growth period and in what way they are partitioned between storage organs and 

vegetative parts of the plant. Photosynthetic ability, biomass accumulation, translocation 

efficiency and finally the economic yield and quality of the crops are highly influenced by 

organic matter, fertility and other soil characteristics which were improved by the sea weed 

extract. This superiority of yield attributes could have been because of improving the plant 

height, branches plant-1 and dry weight by induction of biochemicals that transport from the 

vegetative part to the reproductive organs of the plant which ultimately reflects on yield 

components of the plant. Regarding the biochemical traits application of SWE showed a 

significant effect on the content of plant essential oil compared to the control. This result is in 

a good line with the findings of Golzadeh et al. (2011) on Matricarai recutita and Rafiee et al. 

(2013) on Calendula officinalis L.  Ardebili et al. (2012) indicated that foliar application of 

SWE as a source of amino acids, at suitable concentrations, had positive effects on the content 

of secondary metabolites, antioxidants, and antioxidant activity. Naboulsi et al. (2018) 

indicated that secondary metabolites such as essential oils extracted from the plants, showed 

interesting biological activities against numerous harmful pests and microorganisms. In 

addition, some of the secondary metabolites have a beneficial effect as plant growth 

regulators which will help to increase growth and yield. Here the highest essential oil content 

(1.0%) was recorded in treatments T2, T3 and T9 indicated that seaweed extract in different 

formulations either single or in combination may influence the essential oil content of black 

cumin by increasing the photosynthetic ability, biomass accumulation and translocation 

efficiency resulted in higher oil content. The increase in essential oil content due to the effect 

of SWE was also observed in sunflower by Osman and Salem (2011). 

CONCLUSION  
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It may be concluded that growth, yield and quality of black cumin can be enhanced by 

soil application of Sea Weed Extract in granular formulation@ 4 kgha-1.  

REFERENCES 

Almohammedi, A. N., Almehemdi, A, F. and Al Ajeelee, R. K. 2014. Impact of Bat Guano 

Otonycterishemp richii and seaweed extract on some growth and yield traits of 

Baraka seed (Nigella sativaL.). J. Biol. Agri. Healthcare, 4: 57-65. 

Ardebili, Z. O., Moghadam, A. R. L., Ardebili, N. O. and Pashaie, A. R. 2012. The Induced 

Physiological Changes by Foliar Application of Amino Acids in Aloe vera L. Plants. 

Plant Omics J., 5(3): 279 - 84. 

Attememe, J. Y. A. 2009. The Effect of Humic Acid and Sea Weed Extracts on the Growth, 

Chemical Characteristics and Oil Characteristics of Rosmarinus officinalis L. The 6th 

Scientific Conference, Biology Dept., College of Education, University of Tikrit, 

Plants Sci., PP. 1-17.  

Bulgari, R., Franzoni, G. and Ferrante, A. 2019. Biostimulants application in horticultural 

crops under abiotic stress conditions. Agronomy, 9:1-30. 

Ganapathy-selvam, G. and Sivakumar, K. 2014. Influence of Seaweed Extract as an Organic 

Fertilizer on the Growth and Yield of Arachis hypogaea L. and Their Elemental 

Composition Using SEM-Energy Dispersive Spectroscopic Analysis. Asian. Pac. J. 

Reprod., 3(1):18-22. 

Golzadeh, H., Mehrafarin, A., Naghdi Badi, H., Fazeli, F., Qaderi, A. and Zarinpanjeh, N. 

2011. Effect of Biostimulators Compounds on Quantitative and Qualitative Yield of 

German Chamomile (Matricaria recutita L.). Euro. J. Med. Plants, 8(1): 195 - 208. 

Comment [Y101]: The conclusion is not certain. 
It can be completed with the necessary directions 
for further research for possible confirmations or 
increasing the probability of the capacity of the 
proposed solutions to improve cumin harvests in the 
respective areas. 

Comment [Y102]: seaweed extract 

Comment [Y103]: kg ha-1 

Comment [Y104]: I did not find the citation in 
the text of the manuscript.  



 

 

Huchchannanavar, S., Yogesh, L.N. and Prashant, S. M. 2019. The black seed Nigella sativa: 

A wonder seed. Int. J. Chem. Studies, 7:1320-24. 

Kannan, R. R., Rengasamy, Manoj,G., Kulkarni, G., Srinivasa, C. and Van Staden, J. 2016. 

Enhancing Growth, Phytochemical Constituents and Aphid Resistance Capacity in 

Cabbage with Foliar Application of Eckol: A Biologically Active Phenolic Molecule 

from Brown Seaweed. New Biotech., 33(2): 273-280. 

Mohan, V. R., Venkataraman Kumar, R., Murugeswari, R. and Muthusamy, S. 1994. Effect 

of Crude and Commercial Seaweed Extracts on Seed Germination and Seedling 

Growth in Cajanus cajan. L. J. Phycol. Soc., 33: 47-51. 

Naboulsi, I., Aboulmouhajir, A., Kouisni, L., Bekkaoui, F. and Yasri, A. 2018. Plants 

extracts and secondary metabolites, their extraction methods and usein agriculture for 

controlling crop stresses and improving productivity: A review, Academia J. Med. 

Pl.,68: 223-40. 

O’ Dell, C. 2003. Natural Plant Hormones Are Bio Stimulants Helping Plants Develop High 

Plant Antioxidant Activity for Multiple Benefits. Virginia Vegetable Small Fruit and 

Specialty Crops, 2(6):1-3. 

Osman, H. E. and Salem, O. M. A. 2011. Effect of seaweed extracts as foliar spray on 

sunflower yield and oil content. Egyptian J. Phycol.,12:57-70. 

Panse, V. G. and Sukhatme, P. V. 1967.Statistical Methods for Agricultural Workers, ICAR, 

New Delhi, pp. 152-174. 

Papenfus, H. B., Kulkarni, M. G., Stirk, W. A., Finnie, J. F. and Van Staden, J. 2013. Effect 

of a Commercial Seaweed Extract (Kelpak®) and Polyamines on Nutrient Deprived 

(N, P and K) Okra Seedlings. Scientia Hortic., 151: 142-146. 

Comment [Y105]: I did not find the citation in 
the text of the manuscript.  

Comment [Y106]: use in 



 

 

Rafiee, H., Mehrafarin, A., Qaderi, A., Kalate Jari, S. and Naghdi Badi, H. 2013. 

Phytochemical, Agronomical and Morphological Responses of Pot Marigold 

(Calendula officinalis L.) to Foliar Application of Bio-stimulators (Bioactive amino 

Acid Compounds). J. Med. Plants. Res., 12(47): 48 - 61. 

Rathore, S. S., Chaudhary, D. R., Boricha, G. N., Ghosh, A., Bhatt, B. P., Zodape, S. T. and 

Patolia J. S. 2009. Effect of Seaweed Extract on the Growth, Yield and Nutrient 

Uptake of Soybean (Glycine max) under Rainfed Conditions. S. Afr. J. Bot., 75: 351 

355. 

 Rengasamy, K. R. R., Kulkarni, M. G., Stirk, W. A. and Van Staden, J. 2015. Improves 

Growth, Enzyme Activities, and Secondary Metabolite Content in Maize (Zea mays 

cv., Border King). J. Plant. Growth. Regul., 34:410–6. 

Sivasankari, S.V., Venkatesalu, M., Anantharaj, A., and Chandrasekaran, M. 2006. Effect of 

Seaweed Extracts on the Growth and Biochemical Constituents of Vigna siensis. 

Bioresour. Technol. 97: 1745- 1751. 

Teixeira da Silva, J. A., Dobra´nszki, J. and Ross, S. 2013. Phloroglucinol in Plant Tissue 

Culture. In Vitro Cell Dev. Biol. Plant., 49:1–16. 

Thirumaran, G., Arumugam, M., Arumugam, R. and Anantharaman, P. 2009. Effect of 

Seaweed Liquid Fertilizer on Growth and Pigment Concentration of Abelmoschus 

esculentus (l) Medikus. Am. Eurasian J. Agron., 2 (2): 57-66. 


