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ABSTRACT

Out of the millions of seaweed products produced every year, considerable portions are
used as nutrient supplements or bio-stimulants or bio-fertilizers to improvise plant growth
and productivity. Anfield experiment was conducted during kharif 2015 at mid Himalayan
conditions of (ICAR Research Complex for NEH Region, Umiam), Meghalaya to study the
realistic impact of foliar application of seaweed extracts on the growth and yield of tomato.
Treatments comprise 3 types of saps viz., Kappaphycus alvarezii (Ksap), Gracilaria edulis
(Gsap)and vermiwash @ 2 concentrations (5 and 10%) and set of spray schedule @ three
growth stages (at seedling, early vegetative and flowering /fruiting stage). The results
revealed that fruits/plant were recorded to be highest under application of K sap @ 10 %
(12.6), followed by G sap @ 10% (12.5). Whereas the fruit yield was recorded significantly
higher at K sap @ 10 % (13.06 t/ha). The ascorbic acid and Lycopene content were found
to be significantly higher at GAs free sap @ 10% (25.41 and 13.74 mg/100g, respectively).
Foliar spray application at the 3 stages of tomato with K or G sap @ S and 10%
concentrations was resulted in significantly higher shoot height, dry-matter accumulation,
leaf chlorophyll content and fruit yield, as compared to the control (water spray). The yield
attributes like fruits/plant, weight/fruit, ascorbic acid and lycopene content were
significantly higher with foliar application of 10% G or K sap over the controlled
treatment (water spray) which suitably act as low cost crop supplements under stressful
environments of NEH-Region.

INTRODUCTION

Seaweeds are exclusively known as abundant space
occupiers but act as primary producers in the marine
ecosystems with ample ecological and economic
significance (Ba-akdah et al., 2016). The drift driven-
seaweed washed up seen on beaches has been used for
centuries as natural fertilizer in across many coastal regions
throughout the world (McHugh, 2003). Seaweeds are being
enormous sources for various economically important value
added products, including compost, they serve as vital
fertilizers containing lots of ready to use micro-nutrients at
optimum concentration which can be readily absorbed bythe
plants without any further chemical decomposition.
Seaweeds harbor the necessary micro and other nutrient
elements which are easily absorbed for enhanced

nourishment of plants (Layek ez al., 2018). Previous studies
clearly indicate that the seaweeds are active bio-resources to
be used as substrates for organic compost, and liquid
fertilizer production (RaniJuneius et al., 2018). Moreover,
these research efforts mainly focused on liquid fertilizer or
compost production from seaweeds and their effects on
crops and soil fertility for agriculture utility point of view.
Moreover, compost and liquid fertilizer production from
seaweeds are well documented. The seaweed biomass has
been loss frequently utilized for vermin-
conversionorvermin-culture  (Fantonalgo and Salubre,
2019).Vermi-wash is obtained as liquid extracts from the
vermin-compost units, commonly used as foliar spray in
crop plants. It contains the array of excretory products and
mucus secretion of earthworms which being known richness
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in vitamins, hormones, enzymes, macro nutrients and micro
nutrients. In recent scenarios of specialized agriculture for
and other logistics where organic manure application is also
very less in crops (Mukherjee et al., 2017) due to lower
availability, bulkiness in nature, difficult to carry and to be
application preference towards high value crops like
vegetables, seaweed sap which can become permanent
alternative (Zodape et al., 2011) as it is an organic in
content and low cost product. Seaweed saps contain all the
trace elements and plant growth regulators such as auxins,
cytokinins and gibberellins that provide a major boost to
crop yields by sustaining and accelerating the plant’s
metabolic activities. Many studies revealed that seaweed
saps produce effective responses to crops which presumably
as good as chemical fertilizers (Zodape et al., 2008).

Tomatoes (Lycopersicum esculentum) have been associated
with several health benefits, including reduced risk of heart
diseases and cancer, and source for other major dietary
elements of the antioxidant, Lycopene. They being rich
source of vitamin C, potassium, folate and other bioactive
compounds, it is one of the important vegetables in the
North Eastern region (NER) of India. In these regions, as
the use of chemicals are meager, organic farming of crops
and vegetables are mostly practiced by the local farmers
(Layek et al, 2018). Therefore, to meet the increasing
demand of organic fertilizers, one of the viable options is
the use of sea-weed extracts as fertilizers (Layek et al,
2016). Organic manure application rate is also very less and
inadequate in crops of NER due to poor availability, bulky
nature, difficulties in transportation and application. The
region has great potential for the promotion of organic
farming as many studies revealed that seaweed saps are
successful in enhancing productivity of crops when applied
alone as well as along with chemical fertilizer or organic
manure (Layek et al, 2016). Seaweed extracts aid the
requirement of fertilizers and promotes growth and quality
of tomato (Zodape et al., 2008). About 15 million metric
tonnes of seaweed products are produced every year across
the globe (FAO, 2006) among which a considerable portion
can be used for nutrient supplements or bio-stimulants or
bio-fertilizers to improve plant growth and productivity.
Crop stimulants can enhance the growth of any crop plant in
order to increase yield or quality attributes (Jena et al.,
2017). Seaweed has recently gained much emphasis as
foliar spray by inducing faster growth and yield in cereals,
vegetables, fruit orchards and horticultural plants (Zodape
et al., 2008). Hence, seaweed cast continued to be so
valuable to farmers and used both in agriculture and
horticulture (Verkleij, 1992).In India, large quantity of
macroscopic marine algae had been utilized directly as
manure or in the form of compost by coastal peoples. In
India, Central Salt and Marine Chemical Research Institute
(CSMCRI), had explored and introduced the commercially
important seaweeds viz., Kappaphycusalvarezii and
Gracilaria edulis and developed a prismatic cultivation
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technology leading to large scale farming of seaweed in
shallow coastal waters. Previous studies revealed that
seaweed saps are effective in enhancing productivity of
crops such as wheat (Triticum aestivum), soybean (Glycine
max), tomato (Solanum lycopersicum) by 10-60% and
produce good results when applied along with chemical
fertilizer or organic manure. Keeping in view, an
experiment has been conducted using seaweed extracts, K
sap and G sap, and vermiwash on the growth and yield of
tomato.

MATERIALS AND METHODS

Preparation of seaweed extract

Using the methodology of Singh ef al. (2016), K and G saps
were extracted from fresh Kappaphycusalvarezii and
Gracilaria edulis, respectively. These seaweeds were
cultivated in coastal seawater of Tamil Nadu, India (Layek
et al, 2014). The K sap (commercially available as
Aquasap) is being prepared by M/s Aquagri Processing Pvt.
Ltd., in collaboration with CSIRCSMCRI, Gujrat, India. By
milling mechanically, under ambient conditions after
washing the seaweed with freshwater, the sap from K.
alvarezii was expelled. The slurry obtained through milling
was centrifuged and preserved (Eswaran et al., 2005).
Likewise, The G sap was prepared by mechanistically
expelling the sap from G. edulis at regional station of CSIR-
CSMCRI in Tamil Nadu followed by filtration. This sap
was preserved using a mixture of 0.02% propyl paraben,
0.2% methyl paraben and 0.1% potassium benzoate (Singh
et al., 2016). One litre of seaweedextract was considered as
100% concentration of the seaweed extract, and fromthis,
different concentrations (2.5, 5, 7.5,10 and 15%) were
prepared using distilled water (Sivasankari et al., 2006).
Preparation of Vermiwash

Vermiwash units can be set up either in barrels or in buckets
or even in earthen pots. The bucket/barrel is filled with
pieces of stone up to a height of 10 cm from the bottom. A
plastic net is placed and spread. A thick layer of coir fibre
along with humus containing 1000-1500 worms of species,
Eisenia foetida or Eudrillus euginae is laid down. A hole is
drilled at the base to fix a tap to it, through which
vermiwash is collected. Cattle dung pats and hay is placed
on top of the soil layer and gently moistened. The tap is
kept open for the next 15 days. Water is added every day to
keep the unit moist (<humid). On the 16th day, the tap is
closed and on top of the unit a metal container or mud pot
perforated at the base as a sprinkler is suspended. About
five litres of water (the volume of water taken in this
container is one fiftieth of the size of the main container) is
poured into this container and allowed to gradually sprinkle
on the barrel overnight. This water percolates through the
compost, the burrows of the earthworms and gets collected
at the base. The tap of the unit is opened the next day
morning and the vermiwash is collected. Vermiwash is
diluted with water before spraying as per treatment
requirement.
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Field Experiment

Field experiment was carried out during kharif of 2015 &
2016 at the research farm (agronomy field) of the ICAR
Research Complex for NEH Region, Umiam, Meghalaya.
The soil of the experimental field was sandy clay loam in
nature, acidic in reaction (pH 5.2) with low in available N
(253.9 kg/ha) and phosphorus (8.9 kg P/ha) and medium in
available potassium (221.3 kg/ha) (Tablel). The treatments
comprised of three foliar application of K sap @ 5%, K
sap @ 10%, G sap @ 5%, G sap @ 10%, GA; free sap @
5%, GA; free sap @ 10%, Vermiwash @ 5%, Vermiwash
@ 10% and control (water spray).The nine treatment
combination were tried in Randomized Block Design
(RBD) replicated thrice. The tomato was grown with
100% recommended dose of nutrients under organic
nutrient management practice and sprayed with sea weed
saps and vermin-wash as per treatment specifications.
Three sprays of the treatments were done in tomato viz.,
seedling, early vegetative and flowering stage. Growth and
yield parameters were recorded at the different growth
stages and during physiological maturity. The
experimental data pertaining to each parameter of study
were subjected to statistical analysis by using the
technique of analysis of variance (ANOVA) and their
significance was tested by “F” test (Gomez and Gomez,
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significant difference (LSD) at 5% probability (p=0.05)
were worked out for each parameter studied to evaluate
differences between treatment means.

Weather parameters

The experimental site (Umiam) is characterized by a
subtropical climate. The region receives annual average
rainfall of 2450 mm with 80-85% of it received from May
to October. The temperature is found to be moderate almost
all the year round, except for a few months of winter. The
maximum temperature ranges from 26°C to 29°C during the
months of March to October, while during the winters, the
minimum temperature rarely goes below 5°C. Most of the
times of year the maximum relative humidity ranges above
80% while minimum relative humidity rarely goes below
50%. The mean annual evaporation of this place is about
850 mm. The total amount of rainfall received during the
experimental period (April 2015-March 2016) was 2550
mm,out of which most occurred during April to October
month (Fig. 1.). Very less amount of rainfall was received
from the month of December and February. Soil of the
experimental site is a TypicPaleudalf (Das et al., 2014), low
in available N (258.3 kg ha') and P (9.4 kg ha') but
medium in available K (175.3 kg ha™!). The experimental
soil is acidic in reaction (pH 5.3) and relatively high in soil
organic carbon (SOC) concentration (15.8 g ha').
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Fig. 1. Monthly average weather data of Umiam, Meghalaya 2015
RESULT AND DISCUSSION differences between and within the species growing under

Growth and physiological parameters

Growth is the irreversible change occurring in the cells or
organs of plants. Therefore, growth analysis is important to
explain the variations in plant growth in terms of the

the same or different environmental conditions. Although
the maximum plant height of tomato was recorded with the
application of GA; free sap @10% followed by G free sap
@10%, but as compared to other sea weed sap and vermin-
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wash treatments they were not statistically significant
(Table 1). This increase in plant height may be owing to
higher nutrient availability with higher concentration of
saps applied (Shah et al, 2013; Layek et al, 2016).The
presence of macro and micro-nutrients, cytokinins, auxins
and betadines in seaweed extracts, might be the contributing
factor for such increment in the plant height and dry matter
production, which has boosted the photosynthetic process
and stimulated the vegetative growth (Devi and Mani,
2015), as similar to other reports conducted for gram
(Pramanick et al., 2013), maize (Layek ef al., 2016), wheat
(Shah et al., 2013) and rice (Layek et al, 2018). As
compared to control (water spray), significantly higher
number of primary branches per plant was recorded with
10% K sap, 10% G sap and 10% GA3 sap. However, lower
concentrations of sea weed sap and vermin-wash did not
yield any significant increase in number of primary
branches over control. Significantly higher number of
leaves per plant in tomato were recorded on application of
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all the three sea weed saps (both 5 and 10% concentrations)
along with 10% vermin-wash. This may be due to the
increased mineral components in tomatoes after multiple
treatments with bio-algae (Dobromilska ef al., 2008). Similar
results were observed on the earlier studies conducted on
marigold (Russo ef al., 1994) where application of seaweed
extract showed increase in vegetative growth.Similarly,
significantly higher chlorophyll content was recorded
upon application of all the sea weed saps and vermin-
wash, as against control (water spray). The highest
chlorophyll content was recorded under 10% vermin-wash
(44.7 SPAD reading) followed by 10% K sap (44.4). It
was observed that whenever seaweed extract was used as
foliar spray it enhanced the chlorophyll level in plants
(Blunden et al.,1996; Layek et al., 2018). This increase in
chlorophyll content in leaves can be attributed to reduction
in chlorophyll degradation due to presence of betaines in the
seaweed  extract  (Sivasankari et  al, 20006).

Table 1. Growth attributes of tomato (70 days after sowing) as influenced by different concentrations of sea weed sap

and vermiwash

Treatments Plarzi Il:;ight 1;12:::2]13 Noi):gz:]\tfes/ Chli(:1 lg)&hyll
plant
Control (water spray) 38.7 3.7 261.7 40.3
K sap @ 5% 41.5 4.7 316.7 433
Ksap @ 10 % 41.1 6.3 3533 44.4
G sap @ 5% 41.3 5.0 3133 43.0
G sap @ 10% 41.9 6.0 336.7 44.0
GA; free sap @ 5% 40.5 4.8 346.7 42.7
GA; free sap @10% 42.1 5.8 360.0 441
Vermiwash @ 5% 39.6 43 303.3 44.0
Vermiwash @10% 40.7 4.7 330.7 44.7
SEm+ 1.1 0.6 14.5 0.7
CD (p=0.05) NS 1.9 43.6 2.0

Yield attributes

Crop yield is the measure of the economic produce of a crop
per unit area of land cultivation. The importance of
understanding and estimating yield of crop cannot be
understated as estimating crop yield allows us to understand
food security and also the ability to produce enough food to
meet human needs in the foreseeable future.It was observed
that the yield attributes of tomato viz., fruits plant® and
weight fruit! varied significantly as influenced by different
concentrations of sea weed sap (Table 2). As compared to
control, on application of K sap @ 10% (12.6 fruits/plant),
significantly higher number of fruits/plant was recorded,
followed by 10% G sap, 10% GA3 free sap.The highest

fruit weight was recorded with 10% K sap (47.3 g) followed
by 10% vermin-wash (46.7 g) and 10% GA3 free sap (46.0
g). However, the average diameter of fruit (mm) did not
vary significantly across the treatments (Table 3).
Significantly higher fruit yield of tomato were recorded in
the treatment of tomato with K sap @10% (13.06 t/ha),
followed by 10% vermi-wash (13.0 t’ha) as compared to
control (9.97 t/ha). Increase in yield attributes and actual
yield owing to application of K sap and G sap extracts were
also reported in soybean (Rathore et al., 2009).Similarly, on
application of foliar spray of seaweed extracts, there was
improvement in the yield and quality of Zizyphus
mauritiana Lamp (Rama Rao, 1991).
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Table 2. Yield attributes, yield and quality parameters of tomato as influenced by different concentrations of sea

weed sap and vermiwash

. . Average .
Fruits/ Weight/fruit diameter | Fruit yield Asco-r bic Lycopene
Treatments (2 . acid
plant of fruit (t/ha) (mg/1000g)
(mg/100g)
(mm)

Control (water spray) 8.7 40.0 43.3 9.97 19.77 10.68
K sap @ 5% 10.7 45.7 45.6 11.94 22.43 12.12
Ksap @ 10 % 12.6 47.3 46.3 13.06 23.33 12.94
G sap @ 5% 10.3 44.3 45.5 11.47 22.33 12.07
G sap @ 10% 12.5 45.3 46.1 12.64 24.23 13.10
GA; free sap @ 5% 10.3 44.0 44.6 11.83 23.27 12.57
GA; free sap @10% 11.2 46.0 45.3 12.08 25.41 13.74
Vermiwash @ 5% 10.8 43.3 43.9 12.36 21.50 11.29
Vermiwash @10% 11.7 46.7 45.9 13.00 21.83 11.80
SEm+ 0.6 1.5 1.2 0.48 0.67 0.40
CD (p=0.05) 1.7 4.5 NS 1.45 2.01 1.20

Yield and quality parameters

The quality parameters of tomato such as ascorbic acid and
lycopene content were also recorded to vary significantly
and observed to be enhanced by application seaweed sap.
Lycopene is the pigment that renders red or pink colour to
fruits and also produce anti-oxidant properties. Lycopene is
also said to have health benefits ranging from healthy hearts
as well as protection against sunburns and certain types of
cancer.Significantly highest ascorbic acid (25.41 mg/100g)
and lycopene (13.74 mg/1000g) were recorded in treatment
having foliar spray of GA; free sap @10% followed by 10%
G sap (24.23 mg/100g and 13.10 mg/100g of ascorbic acid
and lycopene, respectively). Presence of micro- elements
(Featonby-Smith and van Staden, 1984) and plant growth
regulators, especially cytokinins in Kappaphycus and
Gracilaria extracts (Zhang and Ervin, 2008) could be the
reason for this yield enhancement. Also, foliar spray (5%
v/v) of the red alga Kappaphycusalvarezii sapon tomato
plants resulted in improved plant growth and yield of the
fruit (60-89%), as compared to control plants sprayed with
water (Zodape et al., 2011). Similar results of increase in
yield attributes and yield by application of K and G saps
have also been reported for rice (Patel ez al., 2015; Singh et
al., 2015), wheat (Zodape et al., 2009; Shah et al., 2013),
green gram (V. radiata) (Pramanick et al, 2013), tomato
(Zodape et al., 2011), okra (Sylvia et al., 2005), soybean
(Rathore et al., 2009) and maize (Zea mays) (Layek et al.,
2014 & 2015). Presence of micro-elements and plant
growth regulators, especially cytokinins in K and G saps,
increased the yield of diverse crops fertilised with
recommended RDF (Zhang and Ervin, 2008; Zodape et al.,
2009).

CONCLUSION

Growth, yield and quality parameters of tomato were found
comparatively higher in the treatments of K sap, G sap and
Vermiwash @10%, as compared to other treatments. It also

produces evidence on the bio-stimulatory effect of seaweed
extracts and Vermiwash in agriculture for the improvement
of both crop yield and also particular role to increase the
quality of the produce.
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