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ABSTRACT

Vasicine is a quinazoline alkaloid present in Adulsa. An experiment was
conducted to assess the impact of vasicine on growth, photosynthesis and
yield of tomato under pot culture. Vasicine was applied as soil application
in the form of vigo @ 4 kg acre® (50% as basal and 50% at 15 days after
transplanting), and as foliar application in the form vigo @ 2 mL L* at 15 and
30 DAT and both combined soil and foliar application. Combined application
of vasicine in the form of vigo through soil and foliar spray increased leaf
area by 16.9% and soluble protein by 24.02% over control. This is on par
with foliar application of vigo @ 2 mL L* twice at 15 and 30 days after
transplanting. Tallest plant (116.56 cm) and longest root length (73.25 cm)
were observed in combined soil and foliar application of vasicine. Combined
application recorded higher total chlorophyll content (1.34 mg g ) followed by
foliar application (1.18 mg g') compared to control (1.09 mg g*). Combined
application of vasicine through soil and foliar recorded the highest fruit yield of
26.23 t ha* which is on par with foliar spray of vigo @ 2 mL L* (25.68 t ha?)
and least recorded in control (21.52 t ha'). Vasicine might compose of growth
hormones like auxin, gibberellins and cytokinin, which are playing a major
role in plant growth and metabolism. Hence, the new biostimulant vasicine

showed its positive impact on growth and yield in tomato.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) belongs to
the family Solanaceae and important vegetable
crop with high amounts of vitamins A, B and C.
India is the second-largest producer of tomato,
accounting for 11.10% of the world’s production.
The popularity of tomato is rising among consumers
because of its lycopene and B-carotene, which are
good anti-oxidants (Erica et al., 2010). Tomato has
recently gained attention concerning the prevention
of cancer, cardiovascular risk, and slowing down
cellular aging (Abdel, 2012). Magadoff and Tokar
(2009) stated that 12% of the global population
suffer from hunger and live without secure access to
quality food. To achieve nutritional security, quantity
and quality of the produce like tomato may be
increased. There is a need of the hour to increase
the production and productivity of tomato by using
plant growth regulators and any new biostimulants.
Biostimulants are biologically derived additive
products used in crop production to enhance plant
growth, health and productivity. Giannattasio et
al. (2013) reported that the biostimulants could
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enhance the activity of rhizosphere microbes and
soil enzymes, hormone/growth regulators in soil and
plants, and the photosynthetic process. For instance,
several biostimulants contain hormones, such as
auxins (Jindo et al., 2012), gibberellins and cytokines
(Pizzeghello et al., 2013) and triacontanol (Ertani et
al., 2012), which are recognized as the main active
components responsible for the beneficial effects on
plant growth. Generally, most of the biostimulants
come under plant growth regulators.

Natural products remain the most important
source for the discovery of new and potential
biostimulants. Adhatoda vasica (L.), known
commonly as Malabar nut tree, is a shrub growing
throughout India. The plant is used in India’s
indigenous system of medicine and is a well-known
medicine in both Ayurvedic and Unani Systems
(Kapoor, 2001). Vasicine contains one phenolic
hydroxyl, which is responsible for anti-microbial and
anti-oxidant effects. Current research demonstrated
that vasicine regulates the major metabolic enzymes
responsible for the glucuronidation of vitamin
metabolism (Dan et al., 2019).
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Quinazoline alkaloids present in the leaves are
established as an active principle - vasicine. The
plant contains alkaloids such as vasicine, vasicinone,
deoxyvasicine, vasicol, adhatodinine, and vasicinol
(Claeson et al., 2000). Several studies reported
the antioxidant effects of vasicine acetate obtained
from Adhatoda vasica leaves (Duraipandiyan et al.,
2015). Hence, the present study is undertaken
to investigate the impact of vasicine on growth,
photosynthesis and yield of tomato. The study of the
impact of vasicine on the plant is meager, since itis
the first study undertaken.

MATERIAL AND METHODS

A pot culture experiment was conducted during
2017 -2019. Soil mixture was prepared by using red
soil, vermicompost and sand in the ratio of 3:2:1.
Pots were filled with 15 kg of soil. Transplanting
was carried out with 25"days old seedlings in
pots. Basal application of urea, superphosphate
and potash was made before transplanting as
per the treatment schedule. The experiment was
laid out in a completely randomized block design
with three replications. Irrigation was given once
in five days and plant protection measures were
carried out as per the TNAU Crop Production guide
recommendations.

The following treatments like recommended
fertilizer (RF) (150 nitrogen in the form of urea, 100
phosphorus in the form of superphosphate and 50
potassium in the form of muriate of potash kg ha)
and foliar spray of triacontanol (1 ppm) at 15 days
after transplanting, RF + soil application of vasicine
@ 4 kg acre (50% as basal & 50% at 15 DAT), RF +
foliar application of vasicine @ 2 mL L* at 15 and 30
DAT, RF + soil application of vasicine @ 4 kg acre?
(50% as basal & 50% at 15 DAT) + foliar application
of vasicine @ 2 mL L* at 15 and 30 DAT were used
for this experiment. Vasicine was obtained in the

name of VIGO from Bio products Division, Research
and Development Centre, Coromandel International
Limited, Tamil Nadu, India. Foliar application was
given by using hand-operated high volume sprayer
to wet the plant completely during evening hours.

Plant height was measured from the soil surface
to the tip of the growing point and expressed as cm
plant®. The plant was uprooted from the pot and
the root was taken with minimum damage, and the
length from the cotyledonary node to the root tip
was measured and expressed as cm plant®. Leaf
area per plant was measured using a leaf area
meter (LICOR, Model LI 3000) and expressed as cm?
plant?. These growth parameters were measured
during two growth stages viz. at 60 and 90 days
after transplanting.

Chlorophyll a, chlorophyll b and total chlorophyll
content were estimated following the method
suggested by Yoshida et al. (1971) and expressed
as mg g fresh weight. Soluble protein content of leaf
was estimated as per the method of Lowry et al. (1951)
and expressed as mg g fresh weight. The total
weight of fruits harvested from each plant from all
picking was added, and yield per plant was worked
out, and estimated fruit yield was obtained and
expressed as t ha. The data on various parameters
were analyzed statistically as per the procedure
suggested by Gomez and Gomez (1984). Wherever
the treatment differences were found significant,
critical differences were worked out at five per cent
probability level and the values were furnished.

RESULTS AND DISCUSSION

Among the treatments, application of a
recommended dose of fertilizers (RDF) along with
soil application of vasicine @ 4 kg acre™ and foliar
spray of vasicine @ 2 mL L* recorded highest plant
height of 100.07 cm and 116.56 cm during 60 and
90 DAT, respectively.

Table 1. Impact of vasicine on growth parameters in tomato

Treatments Plant height (cm) Root length (cm) Leaf area (cm? plant?)
60 DAT 90 DAT 60 DAT 90 DAT 60 DAT 90 DAT
T,: Control 85.84 102.00 58.20 62.50 2538.40 2409.40
T,: Vasicine - Soil 95.66 107.54 66.70 68.75 2785.72 2419.68
T,: Vasicine - Foliar 88.34 111.80 64.50 65.80 2776.30 2580.17
T T4T, 100.07 116.56 71.40 73.25 3068.53 2816.90
SEd 2.50 3.04 1.64 1.29 81.73 59.84
CD (P=0.05) 5.78 7.01 3.78 2.98 188.46 137.98

This is followed by foliar application of vasicine @
2 mL L* with RDF. At the same time, control recorded
the lowest plant height at both the growth stages
(85.84 and 102.00 cm). Soil application of vasicine
increased the plant height quickly at an early stage
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compared to foliar spray at 60 DAT. However, foliar
application achieved higher plant height at 90 DAT
over soil application, whereas combined application
showed its superiority over the other two. The
increment of plant height by vasicine might be due



to its biostimulant action by enhancing cell division
and cell elongation by cytokinin and auxin function.

Combined application of RDF along with vasicine
significantly influenced the root length of tomato at
both the stages of crop growth (Table 1). Application
of vasicine either soil @ 4 kg acre(66.70 and 68.75
cm) or foliar spray @ 2ml/lit (64.50 and 65.80 cm)
or in combination (71.40 and 73.25 cm) recorded
the longer roots when compared to control (58.20
and 62.50 cm) at 60 and 90 DAT respectively. Root

length plays a major role in the absorption of water
and nutrients necessary for normal plant growth. The
increment of root length by applying vasicine might
be due to its action on phosphorus mobilization in
soil and stimulate the action of cell division. Aremu
et al. (2015) registered that biostimulants’ mode
of action is equally diverse and may include the
activation of nitrogen metabolism or phosphorus
release from soils, generic stimulation of soil
microbial activity, or root stimulation growth and
enhanced plant establishment.

Table 2. Impact of vasicine on photosynthetic parameters in tomato

Treatments Chlorophyll a Chlorophyll b Total chlorophyll Soluble protein
(mg g") (mg g") (mg g") (mg g)
T,: Control 0.74 0.39 1.16 11.24
T, Vasicine - Soil 0.87 0.41 1.29 12.59
T,: Vasicine - Foliar 1.07 0.48 1.58 13.76
T, T+T, 1.11 0.48 1.61 13.94
SEd 0.02 0.01 0.03 0.62
CD (P=0.05) 0.05 0.03 0.07 1.44

Leaf area is a fundamental determinant of the
total photosynthesis of a plant. Leaf area always
shows a positive relationship with net photosynthetic
activity because leaf enlargement is attributed to
increased number and width of grana and a high
degree of stacking of grana (Fortun et al., 1985).
The study revealed that RDF, along with vasicine,
significantly increased the leaf area compared to
control at both the growth stages of crop viz. 60 and
90 days after transplanting.

Among the treatments, combined application
(Soil + foliar) recorded the maximum leaf area of
3068.53 and 2816.90 cm? plant?* at 60 and 90
DAT respectively, followed by foliar application.
The lowest leaf area of 2409.40 was recorded by
control, which is on par with soil application of
vasicine (2419.68). This result indicated that the
soil application of vasicine is not enough to maintain
the leaf area during the fruiting stage (Table 1). The
declined leaf area from 60 DAT to 90 DAT is might
be due to senescence. The increment of leaf area by
vasicine over control might be due to its plant growth
promotion activity through plant growth regulators
like auxin and gibberellins.

Biostimulant is composed of cytokinin, indole
butyric acid, and gibberellic acid, which increased
the seedling emergence percentage of cotton as
well as plant height and leaf area (Santos and Vieira,
2005). Hence, the present study corroborated with
earlier finding.

Chlorophyll content was measured during fruit
formation stage and had significant difference due
to an application of vasicine either through soil

or foliar or in combination (Table 2). Among the
treatments, total chlorophyll content was higher in
combined application (1.61 mg g*) which is on par
with foliar application of vasicine @ 2 mL L*(1.58
mg g1). In contrast, control plants registered lowest
total chlorophyll content of 1.16 mg g* followed
by soil application of vasicine (1.29 mg g?). Foliar
application of vasicine had a significant impact on
total chlorophyll content compared to soil application
might be due to direct contact of biostimulant to
the source of chlorophyll synthesis. However, the
impact of vasicine on chlorophyll a was higher than
chlorophyll b. Many authors have observed that
plant-based biostimulants often increase the color
of leaves by stimulating chlorophyll biosynthesis
or reducing its degradation (Abbas and Akladious,
2013). Higher chlorophyll content allows for the
greater photosynthetic activity of leaves. Bulgari
et al. (2014) found that the high concentration
of leaf pigments viz. chlorophyll and carotenoids
after biostimulant treatments in lettuce. Various
biostimulants have been reported to stimulate
photosynthesis and plant productivity (Santos et
al., 2014) through chlorophyll synthesis. Hence, the
present result agreed with these earlier findings.

Diethelm and Shibles (1989) opined that the
rubisco content per unit leaf area was positively
correlated with that of the leaf’s soluble protein
content, which is considered an index for assessing
the photosynthetic efficiency of crops. The data
on soluble protein content had shown significant
differences among the treatments (Table 2). Among
the treatments, higher soluble protein content was
registered in combined application (13.94 mg g*)
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followed by foliar application (13.76 mg g?). The
lowest soluble protein content of 11.24 mg g*
was observed in control. Combined application of
vasicine with soil and foliar increased soluble protein
content up to 22.42% over control might be due to

its positive action on denovo synthesis of amino
acids and proteins. Tejada et al. (2016) registered
that the foliar spray of bio-stimulator containing
sewage sludge caused an increase in maize protein
content. The mode of action of biostimulants is often
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Figure 1. Impact of vasicine on days to flowering in tomato

unknown and hard to identify, because they derive
mainly from complex sources containing multiple
bioactive components that, together, may contribute
to specific effects in plants (Ertani et al., 2013).

The influence of vasicine on days to flowering is
very meagre, which is presented in Figure 1. The
maximum days taken for flowering was observed in
control (27.54 days), whereas minimum days was
observed in T, (25.54) followed T, (25.58) and T,
(26.35). Exactly two days early flowering was
observed by the application of vasicine compared

to control. Interestingly soil application registered
earlier flowering compared to foliar application. It
might be due to flowering is a long-term process that
mainly depends on vegetative growth. Soil application
can enhance vegetative growth from germination
onwards and complete vegetative growth quickly
than foliar spray. Colla and Rouphael (2015) found
that a promising and environmental-friendly
innovation would be the use of plant biostimulants
that enhance flowering, plant growth and crop
productivity.
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Figure 2. Impact of vasicine on fruit yield in tomato

Combined application of vasicine through soil and
foliar recorded (T,) the highest fruit yield of 26.23 t ha™
and which is on par with foliar spray @ 2 ml lit* (T,)
which recorded 25.68 t ha. Whereas soil application
recorded 22.50 t ha? and the control registered
the lowest (21.52 t ha). Based on yield, combined
application and foliar spray showed on par values
(Figure 2) compared to soil application might be due
to foliar spray during flowering directly contributed
to the yield rather than soil application contributed
mainly to vegetative growth. The yield increment by the
application of vasicine might be due to the increment
of root growth, chlorophyll fractions and soluble
protein content, which are direct contributors to the
photosynthesis and yield.
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The popularity of biostimulants in agriculture is
associated with the possibility of obtaining higher
yields. Biostimulants have a positive effect on
yielding plants (Garcia-Martinez, 2010). Paradikovic
et al. (2011) reported that the application of
biostimulants could be considered as a good
production strategy for obtaining high yields of
nutritionally valuable vegetables with lower impact
on the environment.

CONCLUSION

The present study concluded that the combined
application of vasicine in the form of vigo through soil
(4 kg acre?) and foliar spray (2 mL L) along with a
recommended dose of fertilizers recorded increased



leaf area, root length, chlorophyll fractions, soluble
protein and fruit yield compared to control in tomato.
Compared to a different mode of application, foliar
application of vasicine @ 2 mL L* twice at 15 and
30 days after transplanting is on par vales with the
combined application.
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