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Abstract

The field experiment was carried out at Central Research Farm, Gayeshpur, BCKV, Nadia, West Bengal, India during the Rabi season
(October, 2021 to March, 2022) with the aim to study the effects of different biostimulants for growth, yield and quality of tomato. The
treatments were T, (Control or untreated), T, (Bayfolan Algae @ 1.5 ml I*), T, (Bayfolan Algae @ 2 ml I), T, (Bayfolan Algae @ 2.5 ml I*),
T, (Isabion @2 ml I"), T, (Bayfolan Algae @ 5 ml I") and T, (Isabion @ 1.5 ml I'"). Analysis of variance clearly revealed the significant effects
of biostimulants with different treatments in respect to growth, yield and quality parameters of tomato. The treatment T, (Bayfolan Algae
@ 2.5 ml I'Y) recorded significantly maximum plant height (82.47 cm), number of branches plant® (7.04) at 60 DAT, fruit weight (74.63 g),
maximum average yield plant™ (3.26 kg, yield plot™ (130.18 kg) and yield ha (872.32 q). The same treatment T, of Bayfolan Algae @ 2.5
ml I'* also recorded maximum equatorial diameter (6.92 cm), maximum polar diameter (5.80 cm) and highest values of TSS (5.08 °brix),
highest lycopene (5.05 mg 10?) and ascorbic acid (26.74 mg g*) content even which is economically viable and emerged as best treatment
for getting better growth, yield and quality of Tomato.
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1. Introduction hazards due to its residual effects in all the plants parts. Ever

Tomato (Solanum lycopersicum L.) is one of the most popular
and widely grown vegetable for its richness of vitamins,
minerals, organic acids and micronutrients. It contains
different types of antioxidants like lycopene, B-carotene,
anthocyanin etc., ascorbic acid (Vitamin C), phenolic
compounds, Vitamin E and small amounts of the vitamin B
complex, like thiamin, riboflavin, and niacin (Sainju and Dris,
2006). The red pigment of tomato fruit due to lycopene is
now being considered as most powerful antioxidant which
reduces the risk of different types of cancer like prostate
cancer (Miller et al., 2002), heart diseases (Rissanen et al.,
2003) and cardiovascular diseases (Rissanen et al., 2003; Bai
and Lindhot, 2007).

Maximum efforts have been made to increase the production
by developing large number of high yielding varieties,
hybrids, disease resistant varieties grown under protection
condition by using different technologies. The excessive and
over use of inorganic sources of plant nutrients cause health

»
&, © 2024 PP House

increasing demand of quality produces from organic sources
of biofertilizers, biopesticides and botanical pesticides, growth
regulators; biostimulants etc. which do not have any residual
effect appears to be most important new tool in increasing
the crop yield. Though the tomato has high yield potential
and also to address the production gap, different types of
biostimulants are now gaining popular for increasing yield and
quality of crops by reducing the production cost to generate
extra income. Biostimulants are the commercial products
obtained from Ascophyllum modosum, a seaweed algae,
known to be rich in cytokinin and auxin precursors, enzyme,
hydrolyzed protein and some kind of micro elements. Foliar
sprays of biostimulants enhanced photosynthetic rate, canopy
growth, photosynthesis, no. of fruits plant™® and fruit yield.
The Biozyme spray with normal fertilizer made the plant
photosynthetically more efficient and thus increased yield
(Kumar and Dube, 1999).

Biostimulants are environment-friendly promising natural
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products have potential to increase the use efficiency of
natural resources even in biotic and abiotic stress conditions
and also to reduce the input of agrochemicals. It can also
increase the sustainability of agricultural and horticultural
production systems as well as improve the quality and quantity
of food for the ever-growing world’s population (Shahrajabian
etal., 2021).

Bayfolan Algae is a sea weed extract derived from Ascophyllum
species and it contains different nutrients like Potassium
(1.14% w/v), Boron (0.91%), Zinc (1.36%), Chlorine (1.48%
w/v) and bio-stimulating elements like Auxins, Cytokinins,
Gibberellins and Betaines for growth and development of
fruits and vegetables along with natural stress busters like
Alginates, Mannitol, marine polysaccharides like Laminarin
and Polyphenol. Foliar application is recommended during
flowering and different stages of fruiting to enhance quality
of produce. It has beneficial effects for enhancing stress
resilience in crops and increases quality of fruits, vegetables,
flowers, etc. It comes in an exclusive gel formulation which has
enhanced spreading and penetration properties for excellent
nutrient availability (www.agro.bayer.pe)

Isabion, a natural biostimulant derived from pure natural
animal collagen, which contains different types of amino acids
with a specific role for increasing yield and stress resistance.
Isabion is recommended as an organic biostimulant for fruits
and vegetables like tomato, chilli, brinjal, potato, cole crops,
cucurbits, onion and leafy greens. Foliar application during the
active growth phases of the production cycle is recommended
however at transplantation, flowering, fruiting, ripening are
the most important (www.syngenta.co.in).

Different studies revealed that the foliar application of
biostimulants on tomato plants promotes the vegetative
growth, yield and quality. Considering above, the present
experiment was framed to study the effects of different
biostimulants especially Bayfolan Alage and Isabion on
growth, yield and quality of tomato.

2. Materials and Methods

The field experiment of the present investigation was
conducted during the Rabi season (October, 2021 to March,
2022 at Central Research Farm, Gayeshpur, Bidhan Chandra
Krishi Viswavidyalaya, Nadia, West Bengal, India following
Randomized Block Design with three replications along with
seven treatments viz. T, (Control or untreated), T, (Bayfolan
Algae @ 1.5 ml 1), T, (Bayfolan Algae @ 2 ml I'), T, (Bayfolan
Algae @ 2.5 ml "), T, (Isabion @ 2 ml I?), T, (Bayfolan Algae
@ 5mll?),and T, (Isabion @ 1.5 ml ') on a plot size of 6x2.4
m? with the spacing of 60x60 cm? to study the effects of
different biostimulants for growth yield and quality of tomato.
One month old seedlings of PAN-3682 variety of tomato
were transplanted in the field. Four sprays of two different
biostimulants were applied at 20 DAT (First spray), second
spray at flower initiation stage, third spray at fruit initiation
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stage and fourth spray at 10 days after 3™ spray. The standard
packages of practices were followed for management of the
crops. Ten plants were randomly selected from each plot to
record the observations in respect of growth characters at
20, 30, 45 and 60 days after transplanting (DAT). Ten matured
ripe fruits from each treatment from all three replications
were picked at random to analyse the quality parameters
of tomato. The important quality parameters of tomato i.e.
TSS were estimated by ERMA hand refractometer, Lycopene
content of ripe fruits of tomato was estimated by ‘acetone-
ether extraction method’ as suggested by Ranganna (2000).
The ascorbic acid content in the fruit was determined by
2, 6-dichlorophenol-indophenol visual titration method as
described by Ranganna (1986) and the leaf chlorophyll content
plot™® at 10 days after each application for each treatment was
estimated as per Sadasivam and Manickam (1996). The data
were then analysed statistically.

3. Results and Discussion

The analyses of variance revealed the significant differences
of the treatments for all the characters under the study whcih
amply justified the influences of biostimulants with various
treatments in tomato. The effects of various treatments on
the important parameters of tomato are presented in the
Table 1 discussed hereunder.

3.1. Vegetative growth characters
3.1.1. Plant height

The maximum plant height (23.18 cm) was recorded in T_at 20
days after transplanting as pre-treatment or before spraying
of the biostimulants. Almost all the treatments showed
similar results and had no or a negligible difference among the
treatments as it is expected as pre-treatment effect. Whereas,
the maximum plant height was recorded in the treatment T,
(Bayfolan algae @ 2.5 ml I'!) 27.84 cm, 76.05 cm and 82.47
cm after 30, 45 and 60 days after transplanting respectively
as post treatment effects.

It was observed that the treatment T, (Bayfolan algae @ 2.5 ml
I") and T, (Bayfolan algae @ 1.5 ml I} significantly influenced
on plant height at 30 days after transplanting and it was
quite expected from the above studied that the treatment
T, of Bayfolan algae @ 5 ml I" and T, of untreated control
plot recorded minimum plant height because of high doses
of Bayfolan algae @ 5 ml I caused stunted growth might be
due to the phytotoxicity effect and even in lower than the T,
(control). Similar findings were also reported by Charles O.
Olaiya (2010) and Soltys et al. (2012). It is clearly indicated
from above fact that biostimulants with various treatments
have significant positive role on growth characters specially
on plant height due to the presence of different growth
promoting substances like hormones, nutrient supplements
and other organic acids which promotes stem elongation by
enhancing the cell elongation rate and meristematic activity
of growing tip of the plants. All the growth characters have
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Table 1: Effect of biostimulants on plant height (cm), number of primary branches, flowering and fruit setting in tomato

Treatment 20 30 45 60 20 DAT 30 45 60 Days No.of No.
DAT DAT DAT DAT DAT DAT DAT taken  trusses  of
to50%  plant® fruits
flowering truss?
T,: Untreated control 20.95 26.11 64.31 70.05 No 161 4.62 5.16 41.99 8.21 3.96
T,: Bayfolan algae (1.5 ml ") 22.80 27.76 68.85 74.10 bpr';‘?cizs 1.61 465 499 4133 9.47 3.94
T,: Bayfolan algae (2 mlI") 22,55 26.76 69.23 76.40 197 5.17 5.55 40.00 9.63 3.99
T,: Bayfolan algae (2.5 ml ") 23.08 27.84 76.05 82.47 228 645 7.04 38.33 9.21 471
T.: Isabion (2 ml ) 23.18 27.28 73.99 80.57 197 6.39 6.64 39.33 8.44 4.75
T.:Bayfolanalgae (5ml ")  21.42 25.82 73.68 79.93 196 6.43 6.84 39.66 8.52 4.92
T,: Isabion (1.5 mlI?) 21.82 26.55 68.34 76.58 1.62 4.85 5.18 40.66 8.79 4.22
SEm+ 0.402 0.279 0.397 0.528 0.122 0.196 0.305 0.471 0.264 0.126
CD (p=0.05) 1.252 0.870 1.238 1.646 0.379 0.611 0.951 1.469 0.824 0.393

strong positive correlations with flowers and fruits production
in plants with the increases of source.

3.1.2. Number of primary branches plant?

All the treatments were recorded no primary branches at 20
days after transplanting before spraying of any biostimulants.
The spraying of biostimulants revealed the significant effects
at 30, 45, and 60 days after transplanting and maximum
number of primary branches (2.28, 6.45 and 7.04 respectively)
were recorded in the treatment T, when Bayfolan algae
applied with the dose of 2.5 ml I of water.

The biostimulants have positive effects when applied with
higher doses might be due to the stimulating effects of
substances present in it which influence the faster rate of
cell division during the different growth stages of plants.
More number of primary branches has also positive effects
on flowering and fruiting which further lead to higher yield as
the photosynthates increases. Similar findings on stimulating
effects of different biostimulants on plant growth were also
reported by Tomar and Ramgiry (1997), Adediran et al.
(2006), Farouk et al. (2012), Ruban et al. (2019), Sharma and
Chauhan (2019).

3.1.3. Earliness

The earliness in terms of flowering and fruiting is desirable
for consumers’ point of view and to fetch early market
price. Significantly earliest (38.33 days) flowering in terms of
production of 50% flowers was recorded in the treatment T,
(Bayfolan algae @ 2.5 mlI?*) compared to all other treatments
though the treatments T, (Isabion @ 2 mlI*), and T, (Bayfolan
Algae @ 5 ml I'Y) 39.33 days, 39.66 days also showed
statistically similar results with T, (Bayfolan algae @ 2.5 ml ).

Stimulating effects of biostimulants enhanced the flowering
due to the early completion of vegetative growth of the
plants also reported by Ziosi et al. (2012) concluded that
biostimulant namely FOLICIST enhanced plant metabolism
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leading to improved flowering and fruit set of tomato, melon,
and cherry. Maach et al. (2020) observed the improving effects
of flowering and fruit quality by foliar application of two
biostimulants formulation namely Tecamin Flower (TF) and
Tecamin Brix (TB). Ruban et al. (2019) reported the positive
effect of biostimulants to days taken for 50% flowering.

3.1.4. Number of trusses plant™

The maximum number of trusses (9.63) was recorded in
the treatment T, (Bayfolan Algae @ 2 ml I followed by T,
(Bayfolan Algae @ 1.5 ml I) (9.47) which surpassed the
treatment T, (Bayfolan Algae @ 2.5 ml 1) (9.21) and which are
statistically at par whereas the lowest number was recorded
in the untreated control plot.

3.1.5. No. of fruits truss™

The settings of fruits truss™ have significant positive effect on
total yield of plants. The treatment T, (Bayfolan Algae @ 5 ml
I1) recorded highest number of fruits truss? (4.92) followed
by T, (Isabion @ 2 ml I'") (4.75) and T, (Bayfolan Algae @ 2.5
ml ) (4.71) and they are at per statistically. The lowest fruits
truss™ (3.94) were recorded in T, (Bayfolan Algae @ 1.5 ml
I), T, (Untreated control) (3.96) and T, (Bayfolan Algae @ 2
ml I?) (3.99) and which are statistically at par.

The low doses or no doses as in the cases of experiment
significantly different than the higher doses of treatments
which support the proposition that the biostimulants play
significant role for production of fruits which has even direct
effect on fruit yield. Earlier Sharma and Chauhan (2019)
observed even higher number of fruits cluster? (5.67) with
the application of triacontanol @ 1.5 ml I* in tomato and
Francesca et al. (2020) also observed number of fruits
increased up to 105.3% with biostimulants application.

3.2. Yield parameters

The different yield related parameters are discussed below
and data were presented in the Table 2.
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Table 2: Effect of biostimulants on different yield parameters of tomato

Treatment No. of fruits Fruit Equatorial Polar diameter Yield plant?  Total yield
plant?! weight (g)  diameter (cm) (cm) (kg) (t)
T,: Untreated control 32.25 61.03 5.62 4.66 1.97 51.83
T,: Bayfolan algae (1.5 ml ') 37.28 62.70 5.71 4.68 2.34 62.14
T,: Bayfolan algae (2 ml I*) 38.54 70.74 6.16 5.15 2.73 72.34
T,: Bayfolan algae (2.5 ml ) 43.60 74.63 6.92 5.80 3.26 87.23
T.: Isabion (2 mlI?) 40.09 71.62 6.81 5.64 2.87 75.88
T,: Bayfolan algae (5 ml I?) 41.96 70.69 6.31 5.16 2.97 80.08
T,: Isabion (1.5 ml 1) 37.05 65.48 5.93 4.84 2.42 64.38
SEmzt 1.003 0.974 0.131 0.111 0.097 18.306
CD (p=0.05) 3.124 3.035 0.407 0.346 0.303 57.030

3.2.1. No. of fruits plant™

The highest number of fruits were recorded in T, (43.60) after
the application of Bayfolan Algae @ 2.5 ml I followed by the
treatment T, of Bayfolan algae @ 5 ml I"* though which are
statistically at par each other.

The results revealed the positive influences of biostimulants
in respect to number of fruits plant? which has direct effect
from the growth characters. Previously Sharma and Chauhan
(2019) reported the higher number of fruits plant™ (52.50) in
tomato with the application of triacontanol @ 1.5 ml I'* and
Francesca et al. (2020) found number of fruits increased up
to 105.3% with the application of biostimulants in tomato.
Csizinszky et al. (2009) reported that the application of
Seaweed-based ‘SOAR’ biostimulants, on fresh market tomato
cultivars ‘Florida 47’ increases the marketable yield of fruit
by producing the higher number of fruits rather than heavier
weight fruit?. Hernandez et al. (2016) reported the effect of
chitosan (CH) and 2, 4-epibrasinolide (BRs) in tomato increase
the number of fruits which has relation to increase the yield.

3.2.2. Fruit weight (g)

The average fruit weight was recorded significantly higher in
the case of treatment T, (74.63 g) of Bayfolan Algae @ 2.5
ml I* followed by T, of Isabion @ 2 ml I* (71.62 g) and both
are statistically similar whereas lowest fruit weight (61.03 g)
recorded in the untreated control.

As the higher fruit weight has direct contribution to the
total yield, it indicated that the biostimulants influences
the fruit weight might be due to higher accumulation of
photosynthates in fruits. An agreement with other findings
reported by Rajasekar et al. (2021), Caruso et al. (2019) and
Katsenios et al. (2021) in different biostimulants other than
investigated two.

3.2.3. Equatorial diameter of fruit (cm)

The maximum average equatorial diameter of fruits (6.92 cm)
was recorded in T, of Bayfolan Algae @ 2.5 ml I followed by
T, of Isabion @ 2 ml I'* (6.81 cm) and both are statistically at
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par and minimum equatorial diameter (5.62 cm) recorded
in T, i.e untreated control plot. Earlier report by Kleiber and
Markiewicz (2013) also supported the above findings.

3.2.4. Polar diameter of fruit (cm)

The average maximum polar diameter of fruit (5.80 cm) was
recorded in T, (Bayfolan Algae @ 2.5 ml I*) followed by T, (5.64
cm) though they are statistically similar. The minimum polar
diameter of fruit (4.66 cm) was also recorded in untreated
control.

3.2.5. Yield plant? (kg)

The application of biostimulants played significant role in
affecting the yield plant®. The highest average fruit yield
plant* (3.26 kg) recorded in the treatment T, (Bayfolan Algae
@ 2.5 ml ") followed by the treatment T_(Bayfolan Algae @ 5
ml 1) both are statistically at par and the lowest yield plant™
(1.97 kg) was recorded in T, or control plot.

Effect of biostimulants on yield plant? also reported by other
researchers like Sharma and Chauhan (2019) observed that
the application of triacontanol @ 1.5 ml I in tomato recorded
fruit yield plant? (3.79 kg) and Katsenios et al. (2021) also
observed vyield plant® was increased 51.94% with the use
of Bacillus licheniformis compared to that of control.

3.2.6. Total yield ha* (q)

All the treatments have significant influenced on yield. In
case of total yield hectare® the maximum yield ha™ (87.23 t)
was recorded in the treatment T, (Bayfolan algae @ 2.5 ml
I") followed by the treatment T, of Bayfolan Algae @ 5 ml
I" (800.88 g ha) and T, of Isabion @ 2 ml I* (758.84 q ha™).
Previous report of Mandour et al. (2017) also supported the
fact of positive effect of biostimulants which influenced the
total yield of fruits.

3.3. Quality parameters
3.3.1. Total soluble solids (°Brix)

Significantly maximum TSS was recorded in T, of Bayfolan
Algae @ 2.5 ml I (5.08°Brix) followed by T, (4.80°Brix) of
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Bayfolan Algae @ 5 ml I'* and T, of Bayfolan Algae @ 2 ml I*
(4.68°Brix) (Table 3).

Table 3: Effect of biostimulants on different quality
parameters of tomato

Treatment TSS  Lycopene Ascorbic Chlorophyll

(°Brix) (mg100 acid (mg (mg 100
g’) g’) g’)

T,:Untreated  3.96 4.22 23.36 385.40

control

T,: Bayfolan 4.27 4.10 24.22 489.50

algae (1.5 ml

1)

T,: Bayfolan 4.68 4.82 23.95 507.10

algae (2 ml %)

T,: Bayfolan 5.08 5.05 26.74 589.28

algae (2.5 ml

]

T.:lsabion (2 4.41 4.10 24.45 436.76

ml I)

T,: Bayfolan 4.80 4.73 24.55 395.17

algae (5 ml %)

T Isabion 4.14 4.07 22.54 427.98

(2.5 ml 1)

SEmz 0.031 0.232 0.334 16.119

CD (p=0.05) 0.098 0.721 1.039 50.21

3.3.2. Lycopene content (mg 100 g™)

The significant highest lycopene content (5.05 mg 100 g*) was
recorded in the treatment T, of Bayfolan algae @2.5 ml I
followed by T, of Bayfolan Algae @ 2 ml I and T, of Bayfolan
Algae @ 5 ml I,

Earlier reports of Katsenios et al. (2021) and Rouphael
et al. (2021) also supported the fact of positive effect of
biostimulants which influenced lycopene content of fruits.
However, Hernandez et al. (2016) observed no significant
effects of biostimulants (BRs) on lycopene content of fruits.

3.3.3. Ascorbic acid content (mg 100 g*)

Significantly highest ascorbic acid content (26.74 mg g?)
was recorded in treatment T, of Bayfolan Algae @ 2.5 ml I*
followed by T, of Bayfolan Algae @ 5 ml I* (24.55 mg g) and
T, of Isabion @ 2 ml I (24.45 mg g*).

Previous reports of positive effect of biostimulants on tomato
by Francesca et al. (2020) and Kavipriya and Boominathan
(2018) in respect to ascorbic acid content in fruits.

3.3.4. Total chlorophyll content (mg 100 g*)

The chlorophyll content of leaf (589.28 mg 100 g'?) significantly
highest was recorded in T, when it is sprayed with Bayfolan
Algae @ 2.5 ml I* followed by the treatments T, of Bayfolan
Algae @ 2 ml I'* and T, of Bayfolan Algae @ 1.5 ml I,
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Positive effects of other biostimulants in tomato supported
by earlier findings of different researchers like Farouk et al.
(2012) found the foliar application of biostimulants, chitosan
(Chit), humic acid (HA), seaweed extract (SE) and thiamine
(Thi) proved to be effective in increasing the growth characters
and chlorophyll. Petrozza et al. (2014) observed the treatment
of Megafol® produced higher biomass and chlorophyll in
tomato under drought stress condition. Chenxu Niu et al.
(2022) observed Boosten and Megafol treatments boosted the
synthesis of chlorophylls and photosynthetic rates in tomato.
Chrysargyris et al. (2020) reported an eco-product (EP), once
(EP-1x) increased chlorophyll content in tomato compared to
the control (sprayed with water). Rajasekar et al. (2021) and
Kavipriya and Boominathan (2018) reported positive effect of
biostimulants on chlorophyll content in tomato.

4. Conclusion

The treatment T, of Bayfolan Algae @ 2.5 ml I'* has significantly
influenced most of the characters in tomato which recorded
the maximum plant height, number of branches, maximum
TSS content, lycopene content, ascorbic acid content in fruit
etc. and maximum yield.
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