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	ABSTRACT
Please state a tomato problem statement, and need for biostimulants use in tomato. Why this experiment is conducted. Vasicine is a quinazoline alkaloid present in Adulsa, a medicinal plant. An experiment was conducted to assess the impact of vasicine on growth, photosynthesis and yield of tomato. Please provide the objective of the research. How the experiment was conducted (pot or field), please mention that. Vasicine was applied as soil application or drenching?? in the form of vigo @ 4 kg acre-1 (50% as basal and 50% at 15 DAT; expand DAT at first instance), and as foliar application in the form vigo @ 2 ml L-1 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 increased leaf area by 16.9% and soluble protein by 24.02% over control (??). This is in on par with foliar application of vigo @ 2 ml L-1 twice at 15 and 30 days after transplanting. Tallest plant (116.56 cm) and longest root length (73.25 cm) was observed in combined soil and foliar application of vasicine. Combined application recorded higher total chlorophyll content (1.34 unit??) followed by foliar application (1.18??) compared to control (1.09??). Combined application of vasicine through soil and foliar recorded highest fruit yield of 26.23 t ha-1 which is on par with foliar spray of vigo @ 2 2 ml L-1  (25.68 t ha-1) and least recorded in control (21.52) What is the conclusion. Whether the objective is fulfilled?. PLEASE ANSWER THE QUESTION AND COMPLETE THE ABSTRACT.
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INTRODUCTION

Tomato (Solanum Lycopersicon L.) belongs to the family solanaceae and important vegetable crop is a good source 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 beta-carotene, which are good antioxidants (Ref..). There is a need of the hour to increase the production and productivity of tomato by using plant growth regulators and any new bio-stimulants
. Giannattasio et al. (2013) reported that the bio-stimulants 
could enhance the activity of rhizosphere microbes and soil enzymes, the production of hormone/growth regulators in soil and plants, and the photosynthetic process. For instance, a number of bio-stimulants 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. Then please say in one line about the difference between PGR and biostimulants. This will help the reader to understand your concept.
Natural products still remain the most important source for the discovery of new and potential bio-stimulants. Adhatoda vasica (L.), known commonly as Malabar nut tree, is a shrub growing throughout India. The plant is used in the indigenous system of medicine in India and is a well-known medicine in both Ayurvedic and Unani Systems (Kapoor, 2001). The leaves are used to treat malarial fever, chronic fever, intrinsic hemorrhage, cough, asthma, leprosy, skin diseases, and piles. Leaf of Adhatoda vasica is an important drug of Ayurveda, prescribed as an expectorant
. 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 antimicrobial and 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 meagre since it is 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 25thdays old seedlings in pots. Basal
 application was made before transplanting as per the treatment schedule. The experiment was laid out in a completely randomized block design with three replications. Please mention about water management, fertilizer (form) application and platn protection measures.
The following treatments like recommended NPK 
Fertilizer (RF) 
(150:100:50 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 / litre 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 / litre 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. Please indicate the spray volume, when it is sprayed and how it is sprayed. 
Plant height was measured from the soil surface to tip of the growing point and expressed as cm plant-1. (when it is measured?). 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-1. (when it is measured?). Leaf area per plant was measured using a leaf area meter (LICOR, Model LI 3000) and expressed as cm2 plant-1. (when)
Chlorophyll a, chlorophyll b and total chlorophyll content was estimated following the method suggested by Yoshida et al. (1971) and expressed as mg g-1 fresh weight. Soluble protein content of leaf was estimated as per the method of Lowry et al. (1951) and expressed as mg g-1 fresh weight. The total weight of fruits harvested from each plant from all picking was added, and the average 
yield per plant was worked out, and estimated fruit yield was obtained and expressed as t ha-1. 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
Irrespective of the treatments, there was a steady 
increase in plant height from 60 to 90 days after transplanting (Table 1). Among the treatments, application of a recommended dose of fertilizers (RDF) along with soil application of vasicine @ 4 kg acre-1 and foliar spray of vasicine @ 2ml/lit 
(T4) recorded highest plant height of 100.07 cm and 116.56 cm during 60 and 90 DAT respectively. This is followed by foliar application of vasicine @ 2ml/lit (T3) 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 early stage compared to foliar spray at 60 DAT. However, foliar application increased the plant height steadily and achieved higher in 90 DAT over soil application, whereas combined application showed its superior over other two. 
The increment of plant height by vasicine might be due to its bio-stimulant action through enhancement of cell division and cell elongation by cytokinin and auxin function. Oleg et al. (2017) reported
 that the bio-stimulants offer a potentially novel approach for the regulation of physiological processes in plants to stimulate growth.
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-1 (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 the application of 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 the mode of action of bio-stimulants is equally diverse and may include the activation of nitrogen metabolism or phosphorus release from soils, generic stimulation of soil microbial activity or stimulation of root growth and enhanced plant establishment. 

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 increasing in number and width of grana and also 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 (? what stage).  
Among the treatments, T4 (?) recorded the maximum leaf area of 3068.53 and 2816.90 cm2 plant-1 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. 
Bio-stimulant is composed of cytokinin, indole butyric acid, and gibberellic acid, which increased the seedling emergence percentage of cotton (Gossypium hirsutum L.)  as well as plant height and leaf area (Santos and Vieira, 2005). Hence, the present study corroborated with earlier statement.

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 T4 (1.61 mg g-1) which is on par with foliar application of vasicine @ 2 ml lit-1 (1.58 mg g-1). In contrast, control (?) registered lowest total chlorophyll content of 1.16 followed by soil application of vasicine (1.29). Foliar application of vasicine had a spectacular 
(whether it is significant or not, please indicate) impact on total chlorophyll content compared to soil application might be due to direct contact of bio-stimulant 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 bio-stimulants often increase the colour of leaves by stimulating chlorophyll biosynthesis or reducing its degradation (Abbas and Akladious, 2013). Higher chlorophyll content allows for greater photosynthetic activity of leaves (Author please write one paragraph on growth and at the end please discuss your result by showing the % increase or decrease, followed by your reason for the change. Similarly, please do for physiological traits, by doing so we can avoid the repeat statement). 

Bulgari et al. (2014) found that the high concentration of leaf pigments viz. chlorophyll and carotenoids have been observed after bio-stimulant treatments in lettuce. Various bio-stimulants have been reported to stimulate plant growth by increasing plant metabolism, stimulating germination, enhancing photosynthesis, and increasing the absorption of nutrients from the soil thereby increasing plant productivity (Santos et al., 2014).

The soluble protein content of the leaf, being a measure of RuBP carboxylase activity was considered as an index for assessing the photosynthetic efficiency of crops. Diethelm and Shibles (1989) opined that the rubisco content per unit leaf area was positively correlated with that of the soluble protein content of the leaf (example for repeat, the above two statements can be merged by citing the reference, please merge). 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 T4 (13.94 mg g-1) followed by T3 (13.76 mg g-1). The lowest soluble protein content of 11.24 mg g-1 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 protein content in maize. The mode of action of bio-stimulants is often 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 T4 (25.54) followed T2 (25.58) and T3 (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 which 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 bio-stimulants that enhance flowering, plant growth and crop productivity.
Combined application of vasicine through soil and foliar recorded (T4) the highest fruit yield of 26.23 t ha-1 and which is on par with foliar spray @ 2 ml lit-1 (T3) which recorded 25.68 t ha-1. Whereas soil application recorded 22.50 t ha-1 and the control registered the lowest (21.52 t ha-1). 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
.

The popularity of bio-stimulants in agriculture is associated with the possibility of obtaining higher yields without the need to discontinue the production of ecological crops. 
According to numerous scientific studies
, bio-stimulants have a positive effect on yielding plants (Garcia-Martinez, 2010). Paradikovic et al. (2011) reported that the application of bio-stimulants could be considered as a good production strategy for obtaining high yields of nutritionally valuable vegetables with lower impact on the environment.

Table 1. Impact of vasicine on growth parameters in tomato

	Treatments
	Plant height (cm)
	Root length (cm)
	Leaf area (cm2 plant-1)

	
	60 DAT
	90 DAT
	60 DAT
	90 DAT
	60 DAT
	90 DAT

	T1: Control
	85.84
	102.00
	58.20
	62.50
	2538.40
	2409.40

	T2: Vasicine - Soil
	95.66
	107.54
	66.70
	68.75
	2785.72
	2419.68

	T3: Vasicine - Foliar
	88.34
	111.80
	64.50
	65.80
	2776.30
	2580.17

	T4: T2+T3
	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


Table 2. Impact of vasicine on photosynthetic parameters in tomato

	Treatments
	Chlorophyll a

(mg g-1)
	Chlorophyll b

(mg g-1)
	Total chlorophyll

(mg g-1)
	Soluble protein

(mg g-1)

	T1: Control
	0.74
	0.39
	1.16
	11.24

	T2: Vasicine - Soil
	0.87
	0.41
	1.29
	12.59

	T3: Vasicine - Foliar
	1.07
	0.48
	1.58
	13.76

	T4: T2+T3
	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


Figure 1. Impact of vasicine on days to flowering in tomato
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Figure 2. Impact of vasicine on fruit yield in tomato
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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-1) 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 @ 2ml L-1 twice at 15 and 30 days after transplanting is on par vales with the combined application.
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�Please say the three treatment clearly..


1. Soil application 


2. Foliar


3. Soil and foliar


�what is the problem with tomato production  why the production and productivity has to be increased 


Please indicate here.


�please explain what is biostimulants before this statement.


�how this statement is related to the current study.


Please provide information on how vasicine works in plant or human body (physiology). This will help the reader to get your research.


�please think how this statement is related to photosynthesis, and yield.


So kindly remove these statement. 


I suggest to talk about primary and secondary metabolism and its relationship with yield.


The product vasicine is a secondary metabolite, so you can say application of secondary metabolite to tomato through soil and foliar and to quantify its effect on primary metabolism.


This will improve the quality of the manuscript.


Please think about it.


�What is applied?


�N:P2O5:K2O..??? or something else, please mention…


�?


�you cannot average for  single plant.


Please verify the statement.


�please modify the statement, the data was recorded only for two times.


�throughout the manuscript please change to mL L-1


What is T4?


Please verify.


�there is no data for this statement.


Please revise or modify.


�I think this statement is irrelevant to the context.


Please remove this statement.


�what stage, please mention in the materials and methods.


�Please rewrite this statement by considering nitrogen because phosphorus is available at top soil and N will be leached and will be present in subsoil surface. In this situation, deeper roots will be helpful.
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