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ABSTRACT

The present investigation entitled “Studies on effect of plant growth regulators in
polyhouse grown tomato (Solanum lycopersicum L.)” was carried out at Vegetable Research
Farm of the Department of Vegetable Science and Floriculture, CSK HPKV Palampur,
Himachal Pradesh during spring-summer and autumn-winter season with the objectives to
study the effect of different plant growth regulators on yield, quality and to work out the
economics of production under protected conditions. The experiment was laid out in a
Factorial Randomized Block Design with three replications and data were recorded on
horticultural and quality traits in tomato. The recommended package of practices and plant
protection measures were followed from time to time to grow healthy crop. Among the
different plant growth regulators GAs @75 ppm resulted maximum number of fruits per
plant, fruit weight and marketable yield per plant, marketable yield per m? area, ascorbic
acid content plant height and minimum number of days to 50 % flowering. Highest fruit
yield (27.65 kg/m?) with maximum net returns (394.00 /m?) and higher benefit: cost ratio
(2.48) was obtained with the treatment combination involving Tis (GAs @ 75ppm + All
above three stages) during autumn-winter season. The combined effect of growth regulators
at different stages of plant growth showed that A>Bs (GAs @ 75 ppm sprayed at flowering
stage) and A2B1 (NAA @ 50 ppm sprayed at flowering stage) recorded maximum (27.40 and
30.97 mg/100 g) ascorbic acid content for first and second season. The combined effect of
growth regulators at different stages of plant growth showed that A:Bs (GAs @ 75 ppm
sprayed at flowering stage) recorded maximum (24.59 kg and 27.65 kg) marketable yield per
m?2 during both the seasons which was significantly superior from all other two-way
interactions. Therefore, it has been concluded that tomato plants sprayed with GAz @ 75ppm
at flowering stage recorded maximum marketable yield and its contributing characters.

(Muhammad Juma) (Dr. Parveen Sharma)
Student Major Advisor
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1. INTRODUCTION

Tomato (Solanum lycopersicum L.) (2n=2x=24) is one of the most important solanaceous
vegetable crop cultivated throughout the world due to higher adaptability, yield and
suitability for variety of uses in fresh as well as processed food industries. The crop is native
to Central and South America (Vavilov 1951), It is popularly known as ‘Love Apple’, which
is grown under Kitchen garden (Kumar et al. 2013; Dhyani et al. 2018).

Tomato is regarded as nutritional vegetable crop and good source of Vitamin A (1000 1U),
Vitamin C 22 mg), minerals like potassium, iron, calcium, soluble and insoluble dietary
fibers, organic acids (malic and citric acid) and serve as a cheapest source to meet daily
nutritional requirements (Saleem et al. 2013; Gupta et al. 2019). Lycopene, phenolics and
ascorbic acid is the predominant antioxidant present in tomato fruits that reduces the risk of
prostrate cancer (Hossain et al. 2004; Rai et al. 2012). Green unripe fruits are generally used
for the preparation of chautney and pickles (Sharma et al. 2019). Ripe tomato fruit contains
water (94.1%), energy (23calories), calcium (1.0 g), magnesium (7.0 mg), thiamine (0.09
mg), riboflavin (0.03 mg) and niacin (0.8 mg). It is also considered as a very good source of
income for marginal and small-scale farmers as it contributes to the nutrition of the

consumer (Singh et al. 2010).

In India, it covers an area of about 8.12 lakh hectares with a production of 20.57 million MT
(NHB 2019). In India, tomato is mainly produced in Madhya Pradesh, West Bengal, Tamil
Nadu, Bihar, Maharashtra, Andhra Pradesh, Karnataka, Gujarat, Odisha, Chhattisgarh, Uttar
Pradesh, Telangana and Haryana. It is one of the most important off-season vegetable crop
of mid and low hills of Himachal Pradesh and is grown in an area of about 11.06 thousand
hectares with an annual production of 473.28 thousand MT, bulk of which is exported to

adjoining plain markets (Anonymous 2017).

Tomato can be grown under diverse climatic conditions for various physiological activities
but high altitudes and low humidity are best suitable conditions for tomato growth and yield.
For summer and winter season, regions having altitude less than 300 and above 1200 m are
most preferred, respectively (Fontes and Silva 2002). It is a warm season crop and optimum
range of temperature is 20-24°C. It requires 21-28 °C Day temperature and 15-20 °C cool
night temperature for proper fruit setting. High temperature, humidity, rainfall and light

intensity are the limiting factors of tomato production. High day and night temperature above



32 °C and 21 °C, respectively, was reported as limiting factor to fruit-set due to an impaired

complex of physiological process in the pistil, which results in floral or fruit abscission.

Despite its economic importance, growers are not in position to produce good quality tomato
with high productivity due to various biotic (pest and disease), abiotic (rainfall, temperature,
relative humidity and light intensity) and crop factors (flower and fruit drop) (Dhillion et al.
2019). In open field conditions, year round production is not possible due to susceptibility to
several biotic and abiotic stresses. Therefore, protected cultivation has been gaining
importance in Himachal Pradesh on account of favourable growing conditions. Inside
protected cultivation is the best substitute to overcome these stresses (Sinha et al. 2020).
Protected cultivation offers several benefits like earliness, improved quality and productivity,
pesticide residue free produce with higher returns to the growers. As per the crop species, the
microclimate surrounding the crop is partially or fully controlled, so protected cultivation is
a specialized and unique form of agriculture (Lekshmi and Celine 2015). Indeterminate
varieties, under protected conditions are considered as best with higher yield and high
returns due to their innate capacity of growing for longer period of time and utilize vertical
space (Singh and Kumar 2017).

In tomato, growth, yield and quality of crop is affected by several factors particularly in
adverse climatic conditions and plant growth regulators reported to play an important role in
adverse climactic conditions. Plant growth regulators are a chemical substance with small
concentration, which stimulate and regulate the physiological processes of the plants (Siwna
et al. 2018). Among different growth regulators, gibberellic acid (GA), naphthalene acetic
acid (NAA), 4-CPA and 2, 4-D is widely applied around the world. PGRs affect fruit set,
fruit size, growth as well as yield and quality under low and high temperature. Use of plant
growth regulators also contributes in enhancing the production of tomato and other

vegetables in reverence of better growth and yield (Saha 2009).

GAgs is a naturally occurring plant hormone that affects, cell enlargement and cell division
which leads to inter node elongation in stem cells. Gibberellic acid enhances fruit setting,
controls pre harvest fruit drop, increases fruit yield and extends shelf life (Pramanik et al.
2018).

NAA is commonly used in horticultural crops. It helps to stimulate different physiological

activities of the plant including cell division, cell elongation, shoot elongation,



photosynthesis, RNA synthesis membrane permeability and water uptake. It helps to prevent
pre harvest fruit drop, higher fruit set, flower induction, leaf chlorophyll content, delayed
senescence and prevent bud sprouting therefore improves yield (Razzak et al. 2011). It also
affects the physiological processes, hasten maturity, produces better quality fruits and some
other aspects such as increase the number of branches, increased fresh weight and yield
(Pramanik et al. 2018). A large number of plant growth regulators are available in the market
but their concentrations may vary from crop to crop, season to season and climate to climate.
Thus, there is need to identify the most suitable plant growth regulators with their
concentration to increase the yield as well the quality parameters of tomato under protected

conditions.

Keeping in mind the limitations in production of the tomato crop and the importance of shift
in human’s approach towards increase in production of the crops around the world, it is
imperative to work out possible solutions to increase production in response to the increasing
population of the world. Therefore, the present study was formulated to know the effect of
different plant growth regulators with different concentrations on yield and quality traits of
tomato with the following objectives.

Objectives:
(1.) To study the effect of different plant growth regulators on yield and quality in tomato
and

(2.) to work out the economics of production under protected conditions.



2. Review of Literature

Tomato is one of the most popular and most widely cultivated crop in the world.
This crop is receiving much attention of the scientists to determine the effect of different
plant growth regulators for successful cultivation. Plant growth regulators (PGRs) are used
extensively in tomato to enhance plant growth and improve yield by increasing fruit
number, fruit set and size (Batlang 2008; Serrani et al. 2007). These growth regulators
play a pivotal role in germination, root development, branching, flower initiation, fruiting,
lycopene development, synchronization, early maturation, parthenocarpic fruit
development, ripening, TSS acidity and seed production (Pramanik and Mohapatra 2017).
However, in this chapter, literature pertaining to effect of naphthalene acetic acid (NAA)
and gibberellic acid (GA3z) on growth, yield and quality has been reviewed under the

following heads.

2.1 Effect of Gibberellic Acid (GAs) on growth, yield and quality

2.2 Effect of Naphthalene Acetic Acid (NAA) on growth, yield and quality
2.1 Effect of Gibberellic Acid (GAs) on growth, yield and quality

Gibberellic acid is the most important growth stimulating commercially used in
horticulture since long. It promotes cell elongation and division, enhance germination,
flowering, pollination, fertilization, leaf expansion, increase fruit set, fruit size, improves
quality of fruits, dormancy breaking and other aspects of growth and development of plant
which ultimately leads to higher crop production. Gibberellic acid application controls
flower and fruit drop, increases the yield if applied at right time with right concentration in
tomato (Feofanova 1960).

GAs application helped in synthesis of protein including various enzymes,
increased the rate of shoot elongation and photosynthetic capacity leading to higher total

leaf area and leaf dry weight in tomato (Ballantyine 1995; Mostafa and Saleh 2006).

Gemici et al. (2000) reported that application of GA3z at 10 ppm showed a 17%
increase in stem length and fruit size. Meanwhile and year.2006, Bokade and his co-

workers identified that plants treated with 50 ppm GAs gave maximum plant height and



early flowering. In another study intiated by Pundir and Yadav in 2001, reported that the
treatment of GAz at 50 ppm recorded the highest plant height.

Bhosle et al. (2002) conducted an experiment to study the effects of NAA (25, 50
and 75 ppm), gibberellic acid (15, 30 and 45 ppm) and 4-CPA (25, 50 and 75 ppm) on the
growth and yield of tomato. GAs at 30 ppm resulted in maximum plant height while, 25
ppm 4-CPA and 45 ppm GAs resulted in maximum number of primary branches in
varieties Dhanashree and Rajashree, respectively. Highest marketable yield was reported
with use of 4-CPA at 75 ppm.

Khan et al. (2006) identified that application of GAs (108M) gave best results in
terms of number of fruits per plant, yield and higher lycopene content. The plants treated
with GAgz increased plant height, leaf area, leaf P content, fruit number, fruit yield and
lycopene content of fruit as confirmed by Masoor et al. (2006). Whereas, in the same year
Orzolek and Kaplan (2006) observed that the combination of GAs and Nutra-Phos 3-15
produced higher fruit yield as compared to the control. The concentration of GAz at 25
and 50 ppm increased plant height in tomato reported by Rai et al. (2006) and Nibhavanti
et al. (2006).

Meena (2008) applied foliar spray of GAs at 50 ppm and 75 ppm and recorded
significantly lower fruit drop (percentage). Application of GA3z at 50 ppm showed higher
TSS, ascorbic acid content, TSS per acid ratio and lower acidity percentage with
maximum benefit-cost ratio (5.57).

Balaguera-Lopez and Hernandez (2009) reported that soaking of seeds in GAs
(900 mg/l) showed maximum seed germination, root length, dry matter, stem and root
fresh matter, leaf area, stem and total dry matter, leaf and root fresh matter along with
assimilation rate. At the same time Uddain et al. (2009) revealed that GAs at 30 ppm was
found superior for improvement of growth, yield and quality traits in tomato among
different plant growth regulators. They recorded maximum plant height, number of leaves
per plant, number of branches per plant, number of flower clusters, number of flower,
cluster per plant, number of flowers per plant, number of fruit clusters, number of fruits

per plant, average fruit weight, yield per plant and yield per ha.

Gelmesa et al. (2010) determined the effect of different concentrations and

combinations of 2, 4-dichlorophenoxyacetic acid (2, 4-D) and gibberellic acid (GA3) spray



on fruit yield and quality of tomato. Increase in fruit length was observed with application
of 10 mg/l of 2, 4-D combined with 10 mg/l GAz and increased fruit weight by 13% with
2,4-D spray. Titratable acidity, total soluble solids, lycopene content and fruit pericarp
thickness (about 50%) were also increased due to combined application of 2,4-D and GAs
spray. Final fruit yield was significantly improved with application of plant growth
regulators. In Rome VF, GAs at concentration of 10 and 15 mg/l resulted in maximum
fruit yield per hectare, respectively. Hence, yield increment of about 35% for Roma VF
and 18% for Fetan were produced at 10 mg/l GAs and 10 + 15 mg/l 2, 4-D and GAg,
respectively. Significant increase in fruit size and weight due to 2,4-D and increased fruit
number due to GAs spray contributed to increased fruit yield. The results indicated that
both PGRs are important in tomato production to boost yield and improve fruit quality

under unfavourable climatic conditions.

Desai et al. (2011a) conducted an experiment to study the role of plant growth
regulators and micronutrient on growth and yield of tomato. GAz at 75 ppm showed
maximum fruit length, girth and pulp-seed ratio while, naphthalene acetic acid at ppm
displayed maximum fruit weight, yield per plant and yield per hectare. While in the year
2012, Gelmesa and his co-workers assessed the effects of foliar spray of 2, 4-D and GAs
on fruit setting in tomato. Application of GAs increased fruit set percentage and

marketable fruit number per plant.

Verma et al. (2011) conducted an experiment with the intention of investigating
the influence of different concentrations of NAA, 2, 4-D and GAs on growth, quality and
yield of tomato. They identified that GAz at 40 ppm displayed maximum plant height,
minimum days of first flowering, maximum number of flowers per plant, number of fruit
cluster, number of flower cluster per plant, number of fruits per plant, internodal length,

fruit length, average fruit weight, TSS and minimum acidity in tomato.

Choudhury et al. (2013) reported that GAs at 20 ppm gave best results in tomato
among all the plant regulators. Maximum plant height at 60 DAT, number of flower
clusters per plant, number of flowers per plant, number of fruits per plant, average fruit
weight and fruit yield with 20 ppm GAsz Whereas, in the same year Prasad et al. (2013)
revealed that tomato plant sprayed with 80 ppm GA3 showed maximum plant height and

higher yield.



Sultana (2013) revealed that application of GAz at 50 ppm increased the plant
height, number of leaves, number of flower clusters and plant, number of flowers per
cluster, number of fruit clusters per plant, fruit diameter, weight of fruits per plant and

yield of tomato.

Kumar et al. (2014) determined the effect of GAs (10 ppm, 20 ppm, 30 ppm, 40
ppm and 50 ppm) on growth and yield of tomato. Application of GA3 at 50 ppm showed
maximum plant height, number of leaves, and number of fruits fresh fruit weight, ascorbic
acid, TSS and yield followed by 40 ppm GAz. Whereas in the same year another research
was been conducted by Mazed et al. (2014) observed that GA3 had significant influence on
growth and vyield contributing characters of tomato. GAz spray at 120 ppm recorded
highest plant height, maximum number of leaves per plant and yield per hectare. In the
same year Prajapati and Varma (2014) reported that application of GAs at 50 ppm
developed maximum number of branches and minimum days for initiation of flowering in

sweet pepper.

Ram et al. (2014) identified GAs superior among all treatments in terms of
exhibiting maximum plant height (cm), number of branches, number of flowers per plant,
number of clusters per plant, number of fruits per cluster, number of fruits per plant,
average fruit length (cm), average fruit diameter (cm), average fruit weight (g), fruit yield
per plant (kg), fruit yield per plot (kg), fruit yield per hectare (), acidity (%) and TSS as
compared to NAA in tomato.

Akand et al. (2015) determined the effect of different concentrations of Gibberellic
acid (0, 75, 100 and 125 ppm) on growth, yield and quality in tomato genotype viz.,
golden. Application of GAsz at 125 ppm resulted in maximum plant height, number of
leaves per plant, dry matter content of leaves, dry matter content of stem, dry matter
content of root, dry matter content of fruit, number of flowers per plant, number of fruit
clusters per plant, number of fruits per plant, fruit length, fruit diameter, yield per plant

and yield per hectare.

Begum et al. (2016) reported that application of GAs in winter tomato enhanced
plant height, stem diameter, leaf number, leaf fresh weight, leaf dry weight, average
weight of green fruit, ripened fruit per plant and yield per plant as compared to NAA. In

continuous of research on growth regulators Chandiniraj et al. (2016) reported that



application of GAz at 60 ppm gave maximum plant height, fruit diameter and minimum

days to flowering in chilli.

Rahman et al. (2016) reported that application of GAz in tomato at 30 ppm showed
minimum number of days to first flowering, maximum number of flowers per plant,
number of fruits per plant, average fruit weight and fruit yield per hectare followed by
NAA 30 ppm.

Saurabh et al. (2016) studied the effect of GAs (10, 20 and 30 ppm), NAA (20, 25
and 30 ppm) and 2, 4-D (5, 10 and 15 ppm) on growth and yield of tomato. They reported
that as the concentration of GAsz and NAA was increased, growth and yield was also
increased. Among all the treatments, GAs at 30 ppm increased the plant height, number of
flowers per plant, number of fruits per plant, number of primary branches, number of

secondary branches, fruit diameter, fruit yield per plant and fruit yield / ha.

Ahmad et al. (2017) studied the influence of different plant growth regulators on
growth, yield and quality in tomato. Application of GAz at 200 ppm was found best
among all the treatments with maximum plant height, number of leaves, number of
branches, minimum days to first flower, maximum number of flowers, number of fruits,

fruit length, single fruit weight, yield per plant and yield / ha.

Shital et al. (2017) stated that the application of GAsz at 50 ppm recorded
significantly maximum plant height, number of branches per plant, number of fruits per
plant, fruit length, fruit diameter, seed yield per plant, germination percentage, root length,
shoot length, root fresh weight, shoot fresh weight, root dry weight and shoot dry weight

in tomato.

Tomar et al. (2017) reported linear increase in growth parameters like plant height
and number of branches per plant with increasing level of GAs. GA3z at 30 ppm showed
maximum plant height, number of primary branches, number of secondary branches,
number of flowers per plant, number of fruits per plant, fruit length, fruit weight and fruit

diameter in tomato.

Gurjar et al. (2018) conducted an experiment to study the response of tomato
varieties to different plant growth regulators. Four varieties (V1- J.T.-99, V2-Pusa Ruby,
V3-Sel.-7, V4-DVRI-1) and 3 combinations of plant growth regulators at different



concentrations (H1- 15 ppm GAgz followed by 25 ppm NAA, H2- 30 ppm GAgz followed
by 50 ppm NAA, H3- 45 ppm GA:; followed by 75 ppm NAA) were used in this study.
Foliar application of 15 ppm GAgs followed by 25 ppm NAA resulted in superior growth
and yield attributing characters and lead to higher fruit yield in tomato. Combination of
variety ‘Sel.-7” and 15 ppm GAsz and 25 ppm NAA was found best for increasing
productivity of tomato crop. Variety ‘Sel.-7’ sprayed with 15 ppm GA3 followed by 25
ppm NAA gave highest gross and net return along with B:C ratio followed by ‘Pusa

Ruby’ sprayed with same concentration of plant growth regulators.

Hossain et al. (2018) recorded maximum plant height, shoot dry weight, cluster per
plant, bud per cluster, flower per cluster, fruit per cluster with use of combination of 20
ppm NAA and 20 ppm GAs whereas, 20 ppm NAA showed maximum root dry weight in
tomato crop.

Jakhar et al. (2018) studied the effect of plant growth regulators on growth and
yield of tomato cultivar ‘Shivaji’. Different concentrations of GAs (25, 50 and 75 ppm),
NAA (25, 50 and 75 ppm) and Kinetin (25, 50 and 75 ppm) were sprayed at 7, 14 and 21
days after transplanting to study the growth behaviour and yield attributes of tomato. All
growth, phenological as well as yield parameters was found to be significantly superior.
Application of 50 ppm GAs gave maximum plant height, number of leaves per plant,
number of branches per plant at 90 days after transplanting, minimum days to 50 %
flowering, maximum numbers of flowers per plant, fruit length, fruit diameter, number of

fruits per plant, fruit yield per plant and fruit yield per ha.

Kumar et al. (2018) studied the effect of plant growth regulators on growth,
flowering, yield and quality of tomato. Among different concentrations of NAA (15, 30,
45 ppm), 2,4-D (5, 10, 15 ppm) and GAz (20, 30, 40 ppm), GAz at 40 ppm gave maximum
plant height, flower cluster per plant, fruits per plant, internodal length, average fruit
length, average fruit weight, titrable acidity, TSS and higher fruit set.

Rinchu et al. (2018) studied the effect of GAz and NAA on growth and fruit yield
in tomato. Among all the treatments, application of GAsz at 75 ppm gave maximum plant
height, number of flowers per cluster, number of fruits per plant, fruit weight, fruit
diameter and fruit yield per plant.



Siwna et al. (2018) reported that foliar application of GAs at 50 ppm gave
maximum plant height, number of leaves per plant, number of branches per plant, fruit
diameter, minimum days to first flowering, days to first fruiting, minimum days to

maturity, highest TSS, acidity and ascorbic acid among GAs, NAA and kinetin in tomato.

Gupta et al. (2019) determined the influence of different plant growth regulators
including GAs (50 and 75 ppm), NAA (75 and 100 ppm), boron (75 ppm), combination of
GAzs and boron, NAA and boron. Application of combination of GAs and boron at 75 ppm
showed highest plant height, number of primary branches, maximum number of flowers

per plant and number of fruit clusters per plant.

Singh et al. (2019) reported that GAs at 30 ppm showed maximum plant height,
number of primary branches, number of secondary branches, number of fruits per plant,

number of flowers per plant and maximum fruit yield per plant in tomato.

Ali et al. (2020) conducted an experiment to study the effect of plant growth
regulators on growth, yield and quality in tomato. They identified that application of 50
mg per liter of GAsz and 20 mg per liter 4-CPA enhanced the fruit yield, early flowering
and fruiting, TSS and vitamin C in tomato. Number of fruits per plant was increased with

50 ppm GAgs application.

Mistry et al. (2020) reported that application of GAs at 100 ppm increased the plant
height, number of leaves, number of fruits per plant, fruit weight, ascorbic acid and TSS
among the different treatments of GAs.

Naz et al. (2020) identified that GAs at 100 ppm exhibited maximum plant height,
number of leaves per plant, larger leaf area, maximum fruit number, fruit length, fresh
fruit weight, dry fruit weight, fruit yield, TSS, total acidity, vitamin, lycopene and

carotenoids in tomato.
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NAA

Naphthalene acetic acid is a synthetic plant hormone in the auxin family. It is
known to stimulate cell division, cell elongation, shoot elongation, photosynthesis, RNA
synthesis, membrane permeability and water uptake involved in many physiological
processes. It reduces pre harvest fruit drop, increases flower induction, fruit set, delay
senescence prevents bud sprouting, increase leaf chlorophyll content and fruit yield in

vegetable crops (Razzak et al. 2011).

Mehta and Mathai (1976) observed that foliar spray of NAA at 0.2 ppm and 0.1
ppm gave significantly higher fruit set and minimum number of days to flowering in
tomato, respectively. While in the year 1978, Kaushik and his co-workers showed that
NAA at 1, 10 or 100 mg per liter increased fruit set per plant at lowest concentration, the
highest concentration reduced fruit number when sprayed on tomato plants at the 2-leaf

stage.

Sagar et al. (1978) reported that application of NAA 20 ppm at flowering stage
significantly increased fruit number in tomato. They recorded higher yield with foliar
application of NAA at 10 and 20 ppm at time of first flowering.

Gupta et al. (2000) identified that application of NAA at 75 ppm along with
Humaur at 2000 ppm in tomato gave maximum plant height, minimum days to first flower
initiation, minimum days to fruit setting, higher fruit yield with excellent shelf life of

fruits.

Gupta et al. (2001) recorded minimum days for fruit setting in plant with the
treatment of 25 ppm NAA in tomato. The foliar spray of 10 ppm NAA followed by
pollination on initial trusses resulted in highest number of fruits and seed yield in tomato
(Rodrigues et al. 2001). However, Alam and Khan (2002) reported that the fruit yield of
tomato was affected by the NAA. NAA at 20 ppm increased the fruit weight, whereas,
NAA at 25 ppm displayed maximum number of fruits per plant and fruit yield per plant.

Rai et al. (2002) reported maximum chlorophyll content, TSS, carotenoid content
and titrable acidity with foliar use of NAA (75 ppm) and humaur (2000 ppm) while, IAA
(25 ppm) and multiplex (2500 ppm) enhanced ascorbic acid content in tomato fruits. In

another case study conducted by Olaiya et al. (2010) evaluated the effect of plant growth
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regulators (IAA, IBA and NAA) on biochemical parameters of tomato. Titratable acidity
was increased with higher concentrations of IBA and NAA. NAA at 100 ppm increased
the ash, crude fibre content, TSS, TSS to titrable acidity ratio.

Desai et al. (2011b) reported maximum acidity per cent and ascorbic acid with
application of NAA at 75 ppm whereas, GAz at 75 ppm showed maximum reducing
sugars, non-reducing sugars, total sugars and TSS. While, Patel et al. (2012) revealed that

application of NAA increases the fruit diameter in tomato.

Abbasi et al. (2013) studied the effect of foliar application of naphthalene acetic
acid (NAA) and calcium chloride (CaCl,) on growth, yield and shelf life in tomato and
reported that combination of calcium (1%) and NAA (0.02%) showed maximum number
of flower clusters, highest fruit set percentage, minimum days to fruit maturity and
maximum yield. NAA reduced pre-harvest fruit drop, which ultimately enhanced the yield

in tomato.

Maurya et al. (2013) studied the effect of different concentrations of NAA (0, 20,
40, 60 and 80 ppm) on growth and yield in tomato. Application of NAA at 40 ppm
increased the fruit yield by 30% in tomato. Whereas Rahman et al. (2013) studied the
influence of ABT-6 hormone (10, 20, 30, 40 ppm) on growth and yield in tomato. Growth
and vyield traits were significantly affected with different levels of ABT-6 hormone.
Application of 20 ppm ABT-6 hormone gave maximum plant height, number of leaves,
number of branches fruit setting, number of flowers, number of fruits, fresh fruit weight

and dry weight of fruits.

Moniruzzaman et al. (2014) reported that NAA at 40 ppm produced highest
percentage of long and medium styled-flower, leaf photosynthesis, Fv/Fm (efficiency of
photosystem I1) and minimum days to flowering in BARI Begun-10. In the same year
Pargi et al. (2014) determined the effect of NAA (10, 20, 30, 40 and 50 ppm) on
biochemical parameters, growth and yield of tomato. Maximum plant height, number of
leaves, number of fruits per plant, fruit weight, chlorophyll content, protein content and
lycopene with application of 50 ppm NAA in tomato.

Tiwari and Singh (2014) conducted an experiment to find the most suitable plant
growth regulator and their appropriate concentration to increase the production of tomato.

Foliar spray of seven different plant growth regulators (Alar, Ethephon, Cipa, GAs, 2,4-D,
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NAA, Paclobutrazol) with different concentrations were done at 30, 45 and 60 days after
transplanting of the seedlings of the cultivar “Pant T-3”. CIPA (20 ppm), paclobutrazol
(10 ppm) reduced plant height significantly. Application of Alar (100 ppm), NAA (40
ppm) and Ethephon (100 ppm) increased number of branches whereas, early maturity of
fruits was observed with 2, 4 D (10 and 5 ppm), CIPA (20 ppm) and Ethephon (100 ppm).
Foliar spray of CIPA (20 ppm), 2-4 D (5 ppm) and NAA (40 ppm) showed more number
of fruits per plant while, higher fruit set was observed in CIPA (20 ppm), 2, 4-D (5 ppm)
and GAz (10 ppm). Application of NAA (40 ppm), 2, 4-D (10 ppm) and paclobutrazol (20
ppm) showed higher TSS and pericarp thickness were greater in Ethephon (50 ppm), NAA
(40 ppm), 2, 4-D (5 ppm) and CIPA (20 ppm). Highest fruit yield pre plant was recorded
in CIPA (20 ppm), 2 4-D (5 ppm) and Alar (50 ppm).

Verma et al. (2014) reported that fruit set in tomato was successfully improved
with application of NAA. Mizan (2016) evaluated the effect of different concentrations of
NAA on growth and yield of tomato. Application of 50 ppm NAA gave maximum plant
height, dry matter of fruit and yield. They suggested that foliar spray of 50 ppm NAA was
found best for better growth and yield of tomato.

Jahan and Anamika (2017) revealed significant positive effects of NAA on the
yield, storage behaviour and quality of tomato fruits. Number of fruits per plant and yield
pre plant were significantly increased with single spray of 400 ppm NAA and double
spray of 200 ppm NAA, which were higher than control by 26.92% and 15.38%,
respectively. Maximum fresh fruit weight and minimum fruit weight loss were recorded

due to double spray of 400 ppm NAA.

Tomar et al. (2017) studied the effect of different levels of NAA (20, 25 and 30
ppm) on growth of tomato. They reported that application of NAA at 30 ppm displayed
maximum plant height, number of primary branches, number of secondary branches,
number of flowers per plant, number of fruits per plant, fruit length, fruit weight and fruit

diameter.

Singh et al. (2018) studied the effect of different concentrations of NAA (25, 50,
75 and 100 ppm) and GAs (20, 40, 60 and 80 ppm) on growth and fruit quality of tomato.
Among all, GAs at 80 ppm and NAA at 100 ppm showed maximum plant height, number

of branches, number of fruits per plant, average fruit weight (g), average yield per plant
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(9) and yield per ha (t/ha). GAs at 80 ppm and NAA at 100 ppm could be used to improve

the quality and yield attributing characters of tomato.

Ujjwal et al. (2018) determined the effect of foliar application of different levels of
GAs3 and NAA on reproductive and quality attributes of tomato cv. Pusa Rohini. The
different treatment concentrations tested were NAA (15, 20, 25 and 30 ppm) and GAs (20,
30, 40 and 50 ppm). All parameters related to yield and quality parameters were
significantly influenced by different concentrations of the plant bio-regulators. Foliar
application of GAsz at 50 ppm resulted in higher reproductive aspects viz., number of
clusters per plant, number of fruits per cluster, number of fruits per plant, fruit set, fruit
length, fruit diameter, fruit weight, yield and maximum TSS, while minimum acidity

percent in fruits was recorded with foliar spray of NAA at 25 ppm.
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3. MATERIALS AND METHODS

The present experiment was carried out under the naturally ventilated polyhouses
having 250m? area each at the vegetable farm of Department of Vegetable Science and
Floriculture, CSK Himachal Pradesh Krishi Vishvavidyalaya (CSKHPKYV), Palampur during
spring-summer and autumn-winter seasons. Details of the present investigation are presented

below:

3.1  Site:
3.1.1 Location
Vegetable farm of CSK HPKYV, Palampur is situated at an elevation of 1,290.8 m
above mean sea level with 32°6' N latitude and 76° 3' E longitudes. Both the experimental

polyhouses were installed in this particular location.

3.1.2 Climate
The climate of the area is characterized with high rainfall, heavy winters and mild
summers. This location is categorized as humid and sub temperate region, where
approximately eighty per cent rainfall is received during June- September. The mean
monthly relative humidity (RH) ranges from 46-48 per cent over the year in this
region. It is very difficult to grow tomato crop in open conditions in Palampur due to
heavy rains after July onward. Meteorological data recorded during spring-summer

and autumn-winter seasons are given in Appendix-I and figure 3.1.

3.2 Materials and layout of the experiment

3.2.1 Experimental material

Palam Tomato Hybrid-1was used to study the PGRs effect under the protected
environment. Foliar application of two growth regulators Gibberellic Acid (@ 50&
75ppm) and Naphthalene Acetic Acid (@ 50 & 75 ppm) concentrations were applied at
vegetative, flowering, fruiting and all the three stages to test their effect on tomato yield
and its attributing traits. The following study was carried out under naturally ventilated
polyhouse having 250 m?area. The details of the materials used in the experiment are

given in the table 1.
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Fig. 3.1: Mean weekly meteorological data during the cropping season (April to July
2020) inside the polyhouse
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Fig. 3.2: Mean weekly meteorological data during the cropping season (September 2020
to February, 2021) inside the polyhouse
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Table 1. Detail of experimental material
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S.No. Treatment code Treatment details

1 T1 GAz @ 50 ppm + Vegetative stage

2 T2 GAz @ 50 ppm + Flowering stage

3 T3 GAz @ 50 ppm + Fruiting stage

4 Ta GAz @ 50 ppm + All above three stages
5 Ts GAz @ 75ppm + Vegetative stage

6 Ts GAz @ 75ppm + Flowering stage

7 T, GAs3 @ 75ppm + Fruiting stage

8 Ts GAs3 @ 75ppm + All above three stages
9 To NAA @ 50 ppm + Vegetative stage

10 Tao NAA @ 50 ppm + Flowering stage

11 T NAA @ 50 ppm + Fruiting stage

12 T12 NAA @ 50 ppm + All above three stages
13 Tz NAA @ 75ppm + Vegetative stage

14 T NAA @ 75ppm + Flowering stage

15 Tis NAA @ 75ppm + Fruiting stage

16 Tie NAA @ 75ppm + All above three stages
17 Tz Control (without any treatment)

3.2.2 Layout plan

replications inside the modified naturally ventilated polyhouse (25 m x 10 m). Sixteen
plants of each treatment were planted at a spacing of 70 x 30 cm and trained on two stems

in each replication.

The experiment was conducted in a factorial randomized block design with three

3.2.3 Manure and fertilizer including fertigation

(50 kg each of N, P and K/ha) were applied. Fertigation was applied after three weeks of
transplanting with water soluble fertilizers @ 150 kg each of N, P and K/ha twice a week

Before transplanting, vermicompost @ 1.0 kg/m? area and chemical fertilizers @

and was stopped 15 days before final harvesting of the fruits.




3.2.4 Nursery sowing and transplanting

Seeds were sown in plug-trays on 3™ February, 2020 for spring-summer season
and 23" July, 2020 for autumn-winter season in soil-less media containing a mixture of
coco peat: perlite: vermiculite (@ 3:1:1) in growth chamber to get healthy and disease free
seedlings of tomato. The seedlings were transplanted at 3-4 leaf stage in the modified
naturally ventilated polyhouse on 1%t April, 2020 for spring-summer season and on 20"

August 2020 for autumn-winter season.

3.2.5 Cultural practices

All the intercultural operations viz., hoeing, earthing up, irrigation, cutting,
fertigation, training, pruning, staking and weeding were carried out in accordance with
recommended package and practices of tomato. Irrigation was done through drip irrigation
system three to four times a week as per the crop requirement. The plants were trained on
two stems through jute and nylon twines.

3.2.6 Preparation of GAs and NAA

18

Spray solutions of GAz and NAA were prepared at the concentration of 50 & 75 ppm

by dissolving 50 mg & 75 mg of GAzand NAA in 20 ml ethanol, respectively and then 1.0

litre volume was made with distilled water prior to application of plant growth regulators.

These growth regulators were applied at vegetative, flowering, fruiting and all of the three

stages of the plant in evening.

3.4 Recording of the data

For data recording, five plants in each entry were tagged randomly and following

observations on different quantitative and quality traits were recorded.
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Plate 3.1: General view of seed sowing, different growth stages of tomato seedling.
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Plate 3.2. General view of preparing growing beds and transplanting of plants in

polyhouse.
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Plate 3.3. General view of staking and different growth stages of tomato crop
under protected condition.
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Plate 3.4. General view of tomato crop maturity and harvesting.
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Days to 50 per cent flowering
Numbers of days were counted from transplanting date to the opening of the flower

on 50 per cent of the total plant population for each plot.

Days to first harvest
Numbers of days were counted from date of transplanting to the date when at least

one ripe fruit was harvested and means values were calculated.

Number of fruits per cluster
Numbers of fruits per cluster were counted from randomly 3 clusters from five

selected plants and their mean values were calculated.

Number of fruits per plant

Total numbers of fruits per plant were counted in the five selected plants by adding
the number of marketable fruits harvested in each picking and their mean value was
calculated.

Fruit weight (g)

It was calculated by dividing marketable yield with total number of fruits.
Marketable yield per plant (kg)

Fruit yield per plant was calculated by adding marketable yield of each picking and
average values were calculated.

Marketable yield per m?area

Marketable yield per meter square was calculated by counting the number of plants
per m?and multiplied by yield per plant.

Fruit shape index

The polar diameter of fruits was divided by equatorial diameter to estimate the fruit
shape index (Roy and Choudhury, 1972).

The fruits were grouped as:

3.4.9

Ratio Shape
(i >1.00 Oval
(i)  0.86-0.99 Spherical
(i) 0.71-0.85 Intermediate (flat-round)
(iv) <0.70 Flat

Internodal distance (cm)



3.4.10

3.4.11

3.4.12

3.4.13
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Distance between two nodes was measured in a vine at different three nodes and

averages were calculated.

Pericarp thickness (mm)
Pericarp thickness (mm) was measured from the equatorial section after cutting
fruits transversely with the help of scale from five fruits from each entry and

average values were calculated.

Plant height (cm)
The plant height was taken from ground level to the tip of the main shoot after the

last fruit picking.

Total Soluble Solid (TSS)

The total soluble solids (TSS) content was estimated with the help of ‘Erma Hand
Refractometer under room temperature conditions (20° C) by putting a drop of juice
on the prism and taking the reading. The values recorded were expressed as per cent
of juice (AOAC 1970).

Ascorbic acid (mg/100g)

The ascorbic acid contents were estimated by 2,6-dichlorophenol Indophenol Visual
Titration Method as described by Ranganna (1979). The standard ascorbic acid
solution was prepared by dissolving 100 mg of L-ascorbic acid in 100 ml of
metaphosphoric acid (3%). Ten milliliter of this solution was diluted to 100 ml with
3% metaphosphoric acid. The metaphosphoric acid (3%) solution was prepared by
dissolving 15 grams of metaphosphoric acid in 500 ml distilled water. For the
preparation of dye, 50 mg of sodium salt of 2,6-dichlorophenol indophenol was
dissolved in about 150 ml distilled water containing 42 mg of sodium bicarbonate.
This was cooled and 200 ml volume was made. To determine the dye factor, 5 ml
each of standard ascorbic acid and metaphosphoric acid (3%) solution was taken in a
flask and titrated against the dye to a pink colour, which persisted for at least 15
seconds. Dye factor (mg of ascorbic acid per ml of dye) was calculated by using the
following formula: Dye factor = 0.5/titre 10 g of macerated sample was blended with
3% metaphosphoric acid to make up the volume to 100 ml. Out of this 100 ml
solution, 10 ml solution was taken and titrated against 2, 6-dichlorophenol
indophenol dye. The end point was determined by the appearance of rose pink colour

which persisted for at least 15 seconds. The results thus obtained were expressed in
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terms of mg of ascorbic acid/100 g of pulp. The ascorbic acid content was calculated

by using the following formula:

Titre x Dye factor x Volume made up
Ascorbic Acid (mg/100g) = x 100
Aliquot of extract Weight of sample
Taken for estimation x  taken for estimation

3.5 Economic Studies
In order to evaluate most profitable treatment, the economics of individual treatment
was worked out at prevailing and output rates in the market.

3.5.1 Cost of cultivation
The cost of the cultivation includes the expenditure incurred on various inputs

including manpower.

3.5.2 Gross return
Gross return implies the value of output and was worked out by multiplying total

output with average price.

3.5.3 Netreturn
Net return = Gross return — Cost of cultivation

3.5.4 Output: Input ratio
This ratio shows the value of output per rupee of expenditure on input used.

Output: Input ratio =  Gross return (Rs.)

Cost of cultivation (Rs.)

3.6 Statistical analysis

The recorded data on various parameters were statistically analyzed using OPSTAT.
The mean for all the treatments was calculated and analysis of variance for all the characters
was performed by Gomez and Gomez (1984) using Factorial RBD. The calculated F values
were compared with the tabulated F- values at 5% level of significance. When the calculated

F-values were higher than the tabulated, it was considered to be significant.
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4. RESULTS AND DISCUSSION

Plant growth regulators (PGRs) play important role in growth, development, yield
and quality of tomato. PGRs are either natural or synthetic chemical that are applied to plant
in order to alter its desirable characteristics. The results obtained from this experiment have
been presented through tables with reasons and scientific support. Attempt has been made to
establish the cause-and-effect relationship of our findings justifying by giving supportive

evidences based on the literature. The results have been discussed under following heads:
4.1 Quantitative and qualitative characters

i Days to 50% flowering

ii.  Days to first harvest

iii.  Number of fruits per cluster

iv.  Number of fruits per plant

v.  Fruit weight (g)

vi.  Marketable yield per plant (kg)
vii.  Marketable yield per m?area (kg)
viii.  Fruit shape index

ix. Internodal distance (cm)

X.  Pericarp thickness (mm)

xi.  Total soluble solids ('Brix)

xii.  Ascorbic acid (mg/100g)
xiii.  Plant height (cm)

4.2 Economic Studies

i. Returns

ii.  Output: Input ratio
4.1 Days to 50 % flowering

This an important character from earliness point of view because early maturity is
desirable since it fetches good returns to the growers. During the spring-summer season the
mean values for the growth regulators were non-significant (table 4.1) whereas, were
significant for different stages of the plant growth. The interactions of the plant growth

regulators and different stages of plant exhibited (AxB) significant results. Among the
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application of PGRs GAz @ 75 ppm took minimum (27.58) number of days to 50 per cent
flowering. Whereas, from the different stage of plant growth the flowering stage (Az) took
minimum (27.41) numbers of days for 50 per cent flowering. The combined effect of growth
regulators with the different stages of plant growth showed that A2Bs (GAz @ 75 ppm
sprayed at flowering stage) took least (26.33 days) number of days to 50 per cent flowering
which were significantly at par with AsB4 (GAs @ 75 ppm sprayed at all above three stages).
During the autumn -winter season the mean values for the individual effect of growth
regulators at different stages of the plant growth were significant. The interactions of the
plant growth regulators and different stages of plant (AxB) exhibited significant results for
number of days to 50 per cent flowering. Among the application of growth regulators GA3
@ 75 ppm took minimum (27.25) number of days to 50 per cent flowering. Whereas, from
the different stage of plant growth the flowering stage (A2) took minimum (27.25) numbers
of days for 50 per cent flowering. The combined effect of growth regulators with the
different stages of plant growth showed that A2B4 (GAs @ 75 ppm sprayed at flowering
stage) took least (25.33 days) number of days to 50 per cent flowering which were
significantly at par with AsB> (NAA @ 75 ppm sprayed at all above three stages of plant). In
general, the minimum number of days to 50 per cent flowering was observed during the
autumn-winter as compared to the spring-summer season. Interaction effects of plant growth
regulators and different stages of plant growth (AxB) for both the seasons showed that
minimum number of days for 50 per cent flowering in the autumn-winter season.
Application of GAs at 75 ppm was found to be more effective in earliness. This might be
attributed to that GAs application in tomato plants helped in synthesis of protein including
various enzymes which resulted the increased rate of shoot elongation and photosynthetic
capacity leading to increased physiological activities profuse flowering and chlorophyll
content increased with increased concentrations of GAsz (Mostafa and Saleh, 2006).
Chaudhary et al. (2006), also found that gibberellins induced cell division, cell elongation
and cell enlargement. Foliar application of GAs also reduced days for first flowering in
cherry tomato as observed by Mehraj et al. (2014).

Another possible reason for the earliness in this may be because of GAs treatments
which increased the number of leaves and promoted vegetative growth and thus there was
translocation of more photosynthates to other plants parts which might have facilitated early
flowering. The results are in conformity with the findings of Verma et al. (2014) and Ujjawal
et al. (2018) in tomato.
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Table 4.1: Effect of GAs and NAA on days to 50% flowering at different growth stages of tomato plant

Seasons
Growth
egulators Spring-Summer Autumn-Winter
Naphthalene Gibberellic Mean Naphthalene Gibberellic Mean
Acetic Acid Acid A Acetic Acid Acid A
Differen
50ppm | 75ppm | 50ppm | 75ppm 50ppm | 75ppm | 50ppm | 75ppm
stages of pp pp pp pp pp pp pp pp
plant B B> B3 B4 B B2 B3 B4
Vegetative
28.67 | 28.00 | 28.00 | 28.67 | 28.33 | 26.33 | 28.00 | 28.33 | 28.67 | 27.83
stage (Ay)
Flowering
27.33 | 28.33 | 27.67 | 26.33 | 2741 | 27.33 | 28.33 | 28.00 | 25.33 | 27.25
stage (A2)
Fruiting
29.33 | 29.00 | 28.67 | 28.33 | 28.83 | 29.33 | 29.00 | 28.67 | 28.33 | 28.83
stage (As)
All above
27.66 | 27.00 | 28.67 | 27.00 | 27.58 | 27.67 | 27.00 | 28.67 | 26.67 | 27.50
three (As)
Mean B 28.25 | 28.08 | 28.25 | 27.58 27.67 | 28.08 | 28.42 | 27.25
CD o.05
Factor (A)
0.60 0.84
Factor (B)
N/S 0.84
Factor
(AxB) 1.20 1.67

4.2 Days to first harvest

This character has utmost importance because any technique that can improve fruit

quality and early yield is the need of the hour. Earliness leads to early supply of the produce

in the market and enable it to fetch remunerative prices. GAs is one of the most important

growth stimulating substances used in agriculture since long. It may promote cell elongation,

cell division and thus helps in growth and development of tomato plant but its applications

extended maturity time and harvest. In our study the results with respect to days to first

harvest were non-significant (table 4.2) and are in support with the results of Islam et al.
(2020) in tomato.
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Table 4.2: Effect of GAs and NAA on days to first harvest at different growth stages of tomato plant

Seasons
Growth . .
gulators Spring-Summer Autumn-Winter
Naphthalene Gibberellic Mean Naphthalene Gibberellic Mean
Acetic Acid Acid A Acetic Acid Acid A
Differen 50ppm | 75ppm | 50ppm | 75ppm 50ppm | 75ppm | 50ppm | 75ppm
stages of
plant B B2 Bs B4 B, B2 Bs B4
Vegetative
71.00 | 69.00 | 69.67 | 70.00 | 69.92 | 77.67 | 78.13 | 78.27 | 78.43 | 78.13
stage (A1)
Flowering
68.67 | 69.33 | 68.67 | 66.67 | 68.33 | 78.23 | 77.17 | 7585 | 73.23 | 76.12
stage (A2)
Fruiting
67.33 | 69.33 | 67.00 | 69.00 | 68.17 | 79.22 | 301.17 | 75.97 | 7855 | 133.73
stage (As)
All above
67.33 | 69.00 | 67.00 | 68.00 | 67.83 | 79.13 | 78.33 | 79.67 | 78.60 | 78.93
three (As)
Mean B 68.58 | 69.17 | 68.08 | 68.42 78.56 | 133.70 | 77.44 | 77.20
CD o.05
Factor (A)
1.28 N/S
Factor(B)
N/S N/S
Factor
(AxB) N/S N/S

4.3 Number of fruits per cluster

Number of fruits per cluster is an indication of more yield per plant and is generally
dependent on better fruit set. Fruit setting in tomato is optimum, if agro techniques are
employed effectively. During spring-summer season it is clear from the data represented in
the table 4.3 that the mean values for the growth regulators and different stages of plant
growth were non-significant and also non-significant for the individual effects of the
different stages of the plant growth and growth regulators. The interactions of the plant
growth regulators and different stages of plant exhibited (AxB) also non-significant. During
the autumn winter season grown crop it is clear from the data represented in the table 4.3 that
the mean values for the individual effect of growth regulators at different stages of the plant
growth were significant whereas, the interactions of the plant growth regulators and different
stages of plant (AxB) exhibited non-significant results for number of fruits per cluster.

Among the application of growth regulators, NAA @ 75 ppm when sprayed on tomato crop
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produced maximum (6.38) number of fruits per cluster. Whereas, from the different stage of
plant growth at fruiting stage (As) maximum number of fruits per cluster were produced.

In general, it is clear from the mean values of the individual factor the maximum
(6.77) number of fruits per cluster were produced during the autumn-winter grown crop.
This might be due to the fact that NAA promoted flower primodia production in tomato
plant therefore controlling the number of fruits per cluster.

Table 4.3: Effect of GAs and NAA on number of fruits per cluster at different growth stages of tomato
plant

Seasons
Growth Spring-Summer Autumn-Winter
rsgulators Naphthalene Gibberellic Mea Naphthalene Gibberellic Mea
Acetic Acid Acid nA Acetic Acid Acid nA
. 50ppm | 75ppm 50pp 75pp 50ppm 75p | 50pp 75pp
Differen m m pm m m
stages of
) o B, B, Bs B4 B, B. | Bs B
Vegetative
5.07 5.15 5.24 5.54 5.25 6.27 5.63 6.03 5.40 5.83
stage (A1)
Flowering
5.65 6.10 5.82 6.13 5.92 6.07 5.77 5.70 5.00 5.63
stage (A2)
Fruiting
5.09 5.26 6.05 571 5.53 7.20 7.47 6.27 6.13 6.77
stage (As3)
All above
5.47 4.61 5.97 5.43 5.37 5.53 6.63 5.90 5.83 5.98
three (As)
Mean B 5.32 5.28 5.77 5.70 6.27 6.38 5.98 5.59
CD o.05
Factor (A) N/S 0.56
Factor(B) N/S 0.56
Factor (AxB) N/S N/S

The result revealed that GAs also increased the number of flower cluster plant. (Ranjeet et al.
2014). Applications of NAA and GA3 compounds causes increased synthesis of cytokinin,
auxins and transport them to auxiliary buds that help boost transformation from vegetative
phase to reproductive phase (Kannan et al. 2009). Our findings are in agreement with those
of Gemmici et al. (2006), Uddain et al. (2009), Verma et al. (2014), Ujjawal et al. (2018) and

Islam et al. (2020) in tomato in tomato.
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4.4 Number of fruits per plant

Number of fruits per plant is an important character since it directly influences yield
per unit area. More the number of marketable fruits per plant, more will be the yield and
hence, give better returns. Therefore, higher number of fruits per plant and optimum size are
desirable. During the spring-summer season it is evident from the data represented in the
table 4.4 that the mean values for the growth regulators and different stages of plant growth
are significant also the interactions of the plant growth regulators and different stages of
plant exhibited (AxB) significant results. Among the application of growth regulators GAs
@ 75 ppm when sprayed produced maximum (52.75) number of fruits per plant. Whereas,
from the different stage of plant growth the flowering stage (Az) produced maximum (54.67)
numbers of fruits per plant. The combined effect of growth regulators with the different
stages of plant growth showed that A:Bs (GAs @ 75 ppm sprayed at flowering stage)
produced higher (57.00) number of fruits per plant which were significantly at par with the
A:B2, A>B3, and A1B4interactions which produced 55.00 number of fruits per plant. During
the autumn -winter season interactions effect of the plant growth regulators and different
stages of plant exhibited (AxB) significant results for number of fruits per plant. Among the
application of growth regulators GAz @ 75 ppm when sprayed produced maximum (57.25)
number of fruits per plant. Whereas, from the different stage of plant growth the flowering
stage (A2) produced maximum (60.17) numbers of fruits per plant. The combined effect of
growth regulators with the different stages of plant growth showed that A2Bs (GAs @ 75
ppm sprayed at flowering stage) produced maximum (66.33) number of fruits per plant
which were significantly superior from all the two-way interactions. In general, the
maximum number of fruits per plant was observed during the autumn-winter season. This
increase in fruit set by GAsis possibly due to the ability of the growth regulators to increase
the functional male and female organs and their compatibility thus lessens the reduction of
embryo abortion in plants and therefore increased tomato fruit number, fruit length and fruit
diameter (Prasad et al. 2013). GAs produces higher number of fruits plant and this might be
due to that gibberellic acid enhanced fruit setting percentage and total yield in tomato
(Verma et al. 2014). The improvement in fruit formation due to the foliar spray of GAsz in
our study might be because of the fact that GAs increases the metabolic activity in plant,
which resulted in enhancement of reproductive phase in tomato. Another reason supported
by Chovatia et al. (2010) that application of growth regulators at the time of flowering

prevents pre-harvest flower abscission by increasing the available plant hormone
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concentration at this critical phase of reproductive development in tomato plants which
ultimately increases the number of fruits per plant. Baliyan et al. (2013) also reported that
the plant sprayed with the growth regulator GAs remained physiologically more active to
build up sufficient food stocks for developing flowers, fruit and resulted in increased fruit
set, which ultimately lead to higher yields. The increasing number of fruits per plant by GAs
and NAA treatment might be due to rapid and better nutrient translocation from roots to
apical parts of the plant (Prasad et al. 2013). GAgs significantly responded in promoting

vegetative growth characters conductive to food manufacturing mechanism.

Table 4.4 Effect of GAzand NAA on number of fruits per plant at different growth stages of tomato
plant

Seasons
Growth
gulators Spring-Summer Autumn-Winter
Naphthalene Gibberellic Acid | Mean Naphthalene Gibberellic Acid | Mean
Acetic Acid A Acetic Acid A
Differen 50ppm | 75ppm | 50ppm | 75ppm 50ppm | 75ppm | 50ppm | 75ppm
stages of
plant B1 B2 Bs B4 B1 B2 Bs B4
Vegetative
50.00 | 47.00 | 49.67 | 55.00 | 50.42 | 52.33 | 49.00 | 46.67 | 53.67 | 50.42
stage (A1)
Flowering
51.67 55.00 | 55.00 | 57.00 | 54.67 | 56.33 | 58.00 | 60.00 | 66.33 | 60.17
stage (A2)
Fruiting
49.00 | 48.00 | 49.67 | 46.00 | 48.17 | 48.67 | 50.67 | 53.00 | 52.00 | 51.08
stage (As3)
All above
46.00 | 44.33 | 50.00 | 53.00 | 48.33 | 47.67 | 51.33 | 49.33 | 57.00 | 51.33
three (As)
Mean B 49.17 48.58 51.08 52.75 51.25 52.25 52.25 57.25
CD o.05
Factor (A)
1.01 1.40
Factor(B)
1.01 1.40
Factor
(AxB) 2.03 2.79

hence the treated plants had comparatively more food stocks. GAs level in treated plants was
naturally more, which, itself has a property of increasing fruiting. GAs become more active

in presence of extra plant food and hence the number of fruits seems to have increased.

Gibberellic acid (GAs) at low concentration was reported to promote fruit setting in

tomato (Sasaki et al. 2005). Another possible reason could be that GAs causes significant
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vegetative growth that culminates to higher photosynthesis manufacturing and in presence of
this food stock, GAs leads to produce more fruit. Exogenous supply of growth regulators at
critical stages of flowering and fertilization, ovary formation, fruit and seed development
period etc. may enhance source to sink relationship, accumulation of photosynthesis and
efficient utilization of food reserves for the development of fruit. The results are in
conformity with the finding of Alam and Khan (2002) in tomato, Rai et al. (2002) in tomato,
Nibhavanti et al. (2004) in tomato, Naz et al. (2020), Prasad et al. (2013), Choudhury et al.
(2013) in tomato, Verma et al. (2014), Tomar et al. (2017), Ahmad et al. (2017) in tomato,
Singh et al. (2018), Ujjawal et al. (2018) in tomato, Islam et al. (2020) and Mistry et al.
(2020) in tomato also.

4.5Fruit weight

Average fruit weight is the most important yield contributing character which has a
key role in the acceptance of the produce for fresh market tomato. During the spring-summer
season it is clear from the data represented in the table 4.5 that the mean values of fruit
weight for the growth regulators and different stages of plant growth are significant and also
interactions between plant growth regulators and different stages of plant exhibited (AxB)
significant results. Application of growth regulator GAz @ 75 ppm when sprayed produced
maximum (65.17 g) fruit weight whereas, from the different stages of plant growth the
fruiting stage (A2) produced maximum (66.27 g) fruit weight. The combined effect of
growth regulators with the different stages of plant growth showed that A2Bs (GAs @ 75
ppm sprayed at flowering stage) produced maximum (71.90 g) fruit weight which were
significantly at par with the AsB4 which produced fruits of having weight 69.80 g. During
the autumn -winter interactions effect of the plant growth regulators and different stages of
plant also exhibited (AxB) significant results. Among the application of growth regulators
GAs @ 75 ppm sprayed plants produced fruits with maximum (64.62 g) fruit weight.
Whereas, from the different stage of plant growth the all the above three stages (As)
produced fruits with maximum (66.94 g) fruit weight. The combined effect of growth
regulators with the different stages of plant growth showed that the interaction A2Bs (GAz @
75 ppm sprayed at flowering stage) recorded maximum fruit weight i.e. 69.50 g number of
fruits per plant which were significantly at par with the two way interactions i.e. A2B2, AzB»,
AsB2, A3Bs3, AsBsand AsBa. In general, the highest fruit weight (66.27 g) was observed
during the spring-summer season as compared to the autumn-winter season which recorded

66.94 g fruit weight. Interaction effects of plant growth regulators and different stages of
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plant growth (AxB) for both the seasons showed maximum (71.90 g) fruit weight for the
spring-summer season grown crop whereas, 69.50 g fruit weight for autumn-winter season

grown crop.

Tabled.5: Effect of GAsand NAA on Fruit weight (g) at different growth stages of tomato plant

Seasons
Growth Spring-Summer Autumn-Winter
rggulators Naphthalene Gibberellic Mea Naphthalene Gibberellic Mea
Acetic Acid Acid nA Acetic Acid Acid nA
50ppm | 75ppm 50pp 75pp 50ppm 75p | 50pp 75pp
Differen m m pm | m m
f
;ﬁi?ﬁ ° B1 B2 B3 B4 B B> Bs B4
Vegetative
59.13 56.80 61.80 | 59.40 | 59.28 | 55.87 | 56.30 | 59.20 | 60.47 | 57.96
stage (A1)
Flowering
56.67 68.47 65.87 | 7190 | 65.73 | 48.87 | 66.37 | 59.67 | 69.50 | 61.10
stage (A2)
Fruiting
69.80 68.67 64.00 | 62.60 | 66.27 | 68.43 | 67.27 | 68.07 | 61.03 | 66.20
stage (As)
All above
71.07 66.73 67.93 | 56.80 | 65.63 | 66.30 | 66.00 | 68.00 | 67.47 | 66.94
three (As)
Mean B 64.17 65.17 64.90 | 62.68 59.87 | 63.98 | 63.73 | 64.62
CD o.05
Factor (A)
151 1.90
Factor(B)
151 1.90
Factor (AxB)
3.01 3.79

The increased weight of the fruits for the treatments sprayed with GA3 due to the fact
that gibberellins application increases membrane permeability (Aloni et al. 1968) that
facilitate absorption and utilization of mineral nutrients (Khan et al. 1998) and transport of
assimilates (Mulligan and Patrick, 1973) which may result in higher weight of fruits.
Another reason could be the increased individual fruit weight of tomato due to that the GAs
treated plants having maximum fruit length and diameter, which are directly responsible for
the higher fruit weight. Our results are similar with the results of Uddain et al. (2009) in
tomato, Prasad et al. (2013), Naz et al. (2020), Verma et al. (2014), Ahmad et al. (2017) in
cherry tomato, Singh et al. (2018), Singh et al. (2019), Ali et al. (2020) and Mistry et al.
(2020) in tomato crop.
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4.6Marketable yield per plant

The ultimate objective of the study was to have maximum yield for better returns.
Yield is responsible for commercial viability of a variety and is one of the important
characters attaining highest consideration in the entire research programme. During the
spring-summer season it is clear from the data represented in the table 4.6 that the mean
values of marketable yield per plant for the growth regulators and different stages of plant

were significant and their interactions were also significant.

Table 4.6: Effect of GAsand NAA on marketable yield per plant (kg) at different growth stages of
tomato plant

Seasons
Growth Spring-Summer Autumn-Winter
regulators Naphthalene Gibberellic Acid | Mean Naphthalene Gibberellic Acid | Mean
Acetic Acid A Acetic Acid A
50ppm | 75ppm | 50ppm | 75ppm 50ppm | 75ppm | 50ppm | 75ppm
Different
stages o B B> Bs B4 B: B2 B3 Ba
plant
Vegetative
2.96 2.67 3.07 3.27 2.99 291 2.76 2.76 3.24 2.92
stage (A1)
Flowering
2.93 3.77 3.62 4.10 3.60 2.75 3.85 3.58 4.61 3.70
stage (A2)
Fruiting
3.42 3.29 3.18 2.88 3.19 3.33 3.41 3.61 3.17 3.38
stage (As)
All above
3.27 2.96 3.39 3.01 3.16 3.16 3.39 3.35 3.85 3.44
three (As)
Mean B 3.14 3.17 3.32 3.31 3.04 3.35 3.33 3.72
CDoos
Factor (A)
0.03 0.04
Factor(B)
0.03 0.04
Factor
(AxB) 0.07 0.07

Among the application of growth regulators GAs @ 50 ppm when sprayed produced
maximum (3.32 kg) marketable yield per plant whereas, from the different stage of plant
growth the flowering stage (A2) recorded maximum (3.60 kg) marketable yield per plant.
The combined effect of growth regulators at different stages of plant growth showed that
A2B4 (GAs @ 75 ppm sprayed at flowering stage) recorded maximum (4.10 kg) marketable
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yield per plant which was significantly superior from all other two way interactions. During
the autumn- winter season interaction effects were also significant. Among the application of
growth regulators GAs @ 75 ppm when sprayed produced maximum (3.72 kg) marketable
yield per plant. Whereas, from the different stage of plant growth the flowering stage (A2)
recorded maximum (3.70 kg) marketable yield per plant. The combined effect of growth
regulators at different stages of plant growth showed that A2B4 (GAz @ 75 ppm sprayed at
flowering stage) recorded maximum (4.61 kg) marketable yield per plant which was
significantly superior from all other two way interactions. According to Gelmesa et al.
(2012) applications of GAs helped in improvement in number of fruits per cluster, fruit set,
and marketable fruit number per plant. Hasanuzzaman et al. (2015) revealed that application
of GAgz at higher concentration showed increased fruit number, fruit clusters, length and
diameter of fruit, yield per plant, yield per plot and yield per hectare

4. 7Marketable yield per m? area

Similar trend was observed for this trait and the interactions of the plant growth
regulators and different stages of plant exhibited (AxB) significant results for marketable
yield per m? area for both the seasons (Table 4.7). Among the application of growth
regulators GAs @ 75ppm when sprayed produced maximum (19.89 kg) marketable yield per
m? and this was at par with the treatment Bs (GAs @ 50 ppm) which calculated 19.88 kg
marketable yield per m? area whereas, from the different stages of plant growth the
flowering stage (A;) recorded maximum (21.62 kg) marketable yield per m? area. The
combined effect of growth regulators at different stages of plant growth showed that A2B4
(GAs @ 75 ppm sprayed at flowering stage) recorded maximum (24.59 kg) marketable yield
per m? which was significantly superior from all other two way interactions. The interactions
of the plant growth regulators and different stages of plant represented (AxB) significant
results for marketable yield per m2during autumn-winter. Among the application of growth
regulators GAz @ 75 ppm when sprayed calculated maximum (22.31 kg) marketable yield
per m? area whereas, different stage of plant growth the flowering stage (A2) recorded
maximum (22.17 kg) marketable yield. The combined effects of growth regulators at
different stages of plant growth showed that A2Bs (GAz @ 75 ppm sprayed at flowering
stage) calculated maximum (27.65 kg) marketable yield per m? which was significantly
superior from all two way interactions. This might be attributed to the fact that GAz playsan
important role in cell division and elongation which ultimately have positive effect on plant
growth (Batlang et al. 2006).
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Table 4.7: Effect of GAs and NAA on marketable yield per m?area at different growth stages of tomato
plant

Seasons

Growth Spring-Summer Autumn-Winter
gulators Naphthalene Gibberellic Acid | Mean Naphthalene Gibberellic Acid | Mean

Acetic Acid A Acetic Acid A

50ppm | 75ppm | 50ppm | 75ppm 50ppm | 75ppm | 50ppm | 75ppm
Differen
stages of B B2 Bs Bs4 B B> Bs Ba
plant
Vegetative

1774 | 16.01 | 1841 | 1960 | 1794 | 1749 | 1653 | 16.56 | 19.46 | 17.51
stage (Ay)
Flowering

1756 | 2259 | 21.73 | 2459 | 2162 | 16,50 | 23.09 | 2145 | 27.65 | 22.17
stage (A2)
Fruiting

20.52 19.77 | 19.05 | 17.27 | 19.15 | 19.97 | 20.44 | 21.63 | 19.04 | 20.27
stage (As3)
All above

19.61 17.74 | 20.36 | 18.06 | 18.94 | 18.94 | 20.32 | 20.12 | 23.07 | 20.62
three (As)
Mean B 18.86 | 19.03 | 19.88 | 19.89 18.23 | 20.10 | 19.94 | 22.31
CD 0.5
Factor (A)

0.20 0.22
Factor(B)
0.20 0.22

Factor
(AxB) 0.40 0.44

It helps in controlling the pre harvest fruit drop which is a major problem and also increases
fruit setting percentage, fruit yield and extend shelf life and could be a suitable reason for
highest marketable yield per plant and per m? Patel et al. (2012) also observed that
application plant growth regulator increased the diameter of fruit and thus marketable yield
per plant and per m? in tomato. Another possible reason for increased yield of tomato is due
to enhanced plant growth and faster rate of plant development which is promoted by cell
elongation and thereby increased cell enlargement, cell division and differentiation which in
turn resulted into increase in number of flowers, fruit set size and fruit weight. The results
are in line with those of Uddain et al. (2009) in tomato, Prasad et al. (2013), Verma et al.
(2014), Ahmad et al. (2017) in cherry tomato, Singh et al. (2018) in tomato, Islam et al.
(2020) in tomato and Alli et al. (2020) in tomato crop. According to them GA3 has promoting

effect on DNA, RNA, protein, ribose and polyribosome multiplication that contributes
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towards increased biomass production of vegetative parts as well as fruits that enhanced

yield.

4.8 Fruit shape index

The shape of fruit are important cultivar traits of any vegetable crop which are

predominantly determined by genetic character, but can be greatly influenced by different

crop improvement practices Data enumerated in table 4.8 showed that during both the

seasons (spring-summer and autumn-winter) the two-way interaction and individual effects

were non-significant. Hence, there was no effect of growth regulators on the shape of the

fruit because this is genetically controlled trait. Similar findings for tomato fruit growth are

described by various researchers (Gupta and Gupta, 2000; Rai et al. 2006; Uddain et al.

2009).

Table 4.8: Effect of GAs and NAA on fruit shape index at different growth stage of tomato plant

. Seasons
Growth Spring —Summer Autumn -Winter
regulators Naohthal Naohthal
aphthalene . . . aphthalene . . .
Acetic Acid Gibberellic Acid Acetic Acid Gibberellic Acid
Mean Mean
Different | 50ppm | 75ppm | 50ppm | 75ppm A 50ppm | 75ppm | 50ppm | 75ppm A
stages
of pgllant B: B> Bs B4 B: B> Bs B4
Vegetative
0.90 0.87 0.87 0.80 0.86 0.97 0.97 0.87 0.93 0.93
stage (A1)
Flowering
0.87 0.80 0.77 0.80 0.81 0.93 0.80 0.83 1.07 0.91
stage (A2)
Fruiting
0.90 0.80 0.87 0.80 0.84 0.87 0.90 0.83 0.90 0.88
stage (A3)
All above
0.77 0.80 0.80 0.87 0.81 0.87 0.87 0.87 0.90 0.88
three (As)
Mean B 0.86 0.82 0.83 0.82 0.91 0.88 0.85 0.95
CD o005
Factor (A) N/S N/S
Factor(B) N/S 0.07
Factor
(AxB) N/S N/S

Whereas, the results were contradictory with the findings of Naz et al. (2020) who revealed

that foliar spraying of PGRs and antioxidants was effectual as it might be contributed to
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more supply and accumulation of food materials in plants and its efficient mobility in plants
resulting in increased growth stimulation, ultimately helped in earlier flower initiation,
increased fruit set, rapid fruit development, fruit number, fruit length, fruit diameter and

weight of fruits which all together enhanced fruit shape index and yield.

4.9 Inter nodal length (cm)

Data presented in table 4.9 for the two-way interaction indicated that the individual
effects of different stages of plant growth and interaction of AxB was significant for the
spring-summer transplanted tomato crop. It is custom clear that the maximum internodal
length was measured during the flowering stage of plant growth (A2) and for the combined
effects of two way interactions (AxB) maximum (9.71 cm) internodal length was reported

for AsB3 (GA3z @ 50 ppm at fruiting stage) combination.

Table 4.9: Effect of GAs and NAA on inter nodal distance (cm) at different growth stages of tomato plant

Seasons
Growth Spring-Summer Autumn-Winter
gulators Naphthalene Gibberellic Acid | Mean Naphthalene Gibberellic Acid | Mean
Acetic Acid A Acetic Acid A
50ppm | 75ppm | 50ppm | 75ppm 50ppm | 75ppm | 50ppm | 75ppm
Different
stages B: B2 B3 B4 B; B2 B3 B4
of plant
Vegetative
6.67 8.29 9.27 9.11 8.34 9.03 9.30 9.80 8.47 9.15
stage (A1)
Flowering
8.77 9.29 8.43 9.05 8.89 | 10.17 9.23 8.50 9.63 9.38
stage (A2)
Fruiting
9.31 9.35 9.71 9.69 9.52 9.40 8.07 9.67 9.53 9.17
stage (As)
All above
9.70 8.37 9.30 8.34 893 | 10.23 | 10.07 | 10.37 | 10.00 | 10.17
three (As)
Mean B 8.62 8.83 9.18 9.05 9.71 9.17 9.58 9.41
CD o.0s
Factor (A)
0.68 N/S
Factor(B)
N/S N/S
Factor
(AxB) 1.35 N/S
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It is due to the stimulatory effect of GAs on plant growth due to cell elongation especially of
internodal stem cells and rapid cell division in growing portion. These findings are very
close with the earlier findings of Uddain et al. (2009), Chovatia et al. (2010), Naz et al.
(2020), Verma et al. (2014) and Ujjawal et al. (2018) in tomato.

4.10 Pericarp thickness (mm)

Data presented in table 4.10 depicts that there was non-significant effect for pericarp
thickness except for stages of plant growth in autumn-winter season. Earlier researchers
reported that GAs plays important role in pericarp thickness of tomato fruits. This may be
attributed to the increased supply of photosynthetic materials and its efficient mobilization in
plants giving rise to increased stimulation of fruit growth ultimately influenced the pericarp
thickness (Bhosle et al. 2002; Pundir and Yadav 2001).

Table4.10: Effect of GAs and NAA on Pericarp thickness (mm) at different growth stages of tomato plant

Seasons
Growth Spring —Summer Autumn-Winter
regulators Naphthal Gibberelli Naphthal
aphthalene ibberellic aphthalene . . )
Acetic Acid Acid Acetic Acid Gibberellic Acid Me
Mea
i 50pp | 75pp | NA 75p | 50pp &X]
DiffereRt | 50ppm | 75ppm 50ppm 75ppm
stages pp pp m m pp pm m pPp
of plant B1 B2 Bs Ba B B2 Bs Ba
Vegetative
0.06 0.04 0.05 0.05 | 0.05 0.63 0.50 0.50 0.53 0.54
stage (A1)
Flowering
0.05 0.06 0.05 0.05 | 0.05 0.57 0.57 0.63 0.73 0.63
stage (A2)
Fruiting
0.05 0.06 0.06 0.06 | 0.06 0.67 0.63 0.63 0.70 0.66
stage (As)
All above
0.05 0.06 0.06 0.05 | 0.05 0.70 0.63 0.67 0.67 0.67
three (As)
Mean B 0.05 0.06 0.05 0.05 0.64 0.58 0.61 0.66
CD o005
Factor (A) N/S 0.08
Factor(B) N/S N/S
Factor
(AxB) N/S N/S




4.11 Total Soluble Solids (° Brix)
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Data presented in mean table 4.11 depicts non-significant effect for total soluble

solids. Our results are similar with the results of Prasad et al. (2013), Kumar et al. (2014),
Ranjeet et al. (2014), Verma et al. (2014), Rahman et al. (2019), Singh et al. (2019), Ali et
al. (2020), Mistry et al. (2020) in tomato crop. Growth and quality of tomato has been
improved with use of PGRs (Gelmesa et al. 2012; Saha, 2009).

Table 4.11: Effect of GAs and NAA on Total Soluble Solids (° Brix) at different growth stages of tomato

plant
Seasons
Growth Spring-Summer Autumn-Winter
regulators
Naphthalene . . . Naphthalene . . .
Acetic Acid Gibberellic Acid Acetic Acid Gibberellic Acid
Mean Mean
Different 50ppm | 75ppm | 50ppm | 75ppm A 50ppm | 75ppm | 50ppm | 75ppm A
stages B1 Bs Bs Bs B1 B> Bs Bs
of plant
Vegetative
6.83 6.43 6.67 6.80 6.43 6.73 6.30 6.20 6.07 6.33
stage (A1)
Flowering
6.70 6.17 6.17 6.67 6.43 6.70 6.00 6.17 6.33 6.30
stage (A2)
Fruiting
6.20 6.23 6.97 6.60 6.25 6.30 6.60 6.70 5.63 6.31
stage (As)
All above
6.37 6.37 6.43 6.17 6.33 5.63 5.97 5.97 6.17 5.93
three (As)
Mean B 6.53 6.30 6.31 6.31 6.34 6.22 6.26 6.05
CD o.05
Factor (A) N/S N/S
Factor(B) N/S N/S
Factor
(AxB) N/S N/S

4.12 Ascorbic Acid content (mg/100 g)

Ascorbic acid content (Vitamin C) is one of the major quality components in tomato

as it improves the nutritional value of fruit. Ascorbic acid content varied significantly for

both the seasons. Among the application of growth regulators GAs @ 75 ppm produced

maximum ascorbic acid content i.e. 26.62 mg/100 g and this was significantly at par with the
B3 (GA3z @ 50 ppm) which calculated 26.07 mg/100 g. Whereas, from the different stages of
plant growth the flowering stage (A2) recorded maximum (26.63 mg/100) vitamin C content.
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The combined effect of growth regulators with different stages of plant growth showed that
A>Bs (GAs @ 75 ppm sprayed at flowering stage) recorded maximum (27.40 mg/100 g)
ascorbic acid content which was significantly at par AsBsand A1Ba4. In the second cropping-
season GAz @ 75 ppm improved the quality in terms of vitamin C content and the value is
29.80 mg/100 g and this was significantly at par with the treatment Az and As which
calculated 28.89, 29.11 mg/100 g ascorbic acid content. The flowering stage (Az) recorded
maximum (30.12 mg/100) vitamin C content. The combined effect of growth regulators with
different stages of plant growth showed that A2B: (NAA @ 50 ppm sprayed at flowering
stage) recorded maximum (30.97 mg/100 g) ascorbic acid content which was statistically at
par with the various two way interactions i.e. AsB1, A2B2, AsB2, AsB2, AsBs, A1B3, A2Bs,
AszBs, A1B4, A2B4, AsBsand A4Ba.

Table 4.12: Effect of GA3z and NAA on Ascorbic acid content (mg/100g) at different growth stages of
tomato plant

Seasons

Growth Spring —Summer Autumn —-Winter
gulators

Naphthalene . . . Naphthalene . . .

Acetic Acid Gibberellic Acid Acetic Acid Gibberellic Acid

Mean Mean

Different 50ppm | 75ppm | 50ppm | 75ppm A 50ppm | 75ppm | 50ppm | 75ppm A
stages
of plant B B2 Bs Ba B1 B2 Bs Ba
Vegetative

21.11 | 22.08 | 25.07 | 26.32 | 23.65 | 24.61 | 2558 | 2857 | 29.82 | 27.15
stage (A1)
Flowering

28.80 | 25.67 | 24.66 | 27.40 | 26.63 | 30.97 | 29.17 | 28.16 | 30.90 | 29.80
stage (A2)
Fruiting

2188 | 2542 | 30.23 | 27.33 | 26.22 | 2538 | 2892 | 30.40 | 30.83 | 28.89
stage (As)
All above

2597 | 26.67 | 2434 | 2544 | 2561 | 2947 | 30.17 | 27.84 | 28.94 | 29.11
three (As)
Mean B 2444 | 2496 | 26.07 | 26.62 27.61 | 28.46 | 28.74 | 30.12
CD o.05
Factor (A) 0.87 1.08
Factor(B) 0.87 1.08
Factor
(AxB) 1.74 2.16

The augment of ascorbic acid with GAs treatment might be either due to encouragement of

biosynthesis of ascorbic acid or protection of synthesized ascorbic acid from oxidation
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through the enzyme ascorbic acid oxidise and gibberellins may promote the activity of acid
invertase which causing an increase in hexose level in plant tissue. The results are similar
with the findings of Verma et al. (2014) and Mistry et al. (2020) in tomato.

4.13 Plant height (cm)

Height of the plant is one of the important factor determining yield and harvest
duration especially in plants with indeterminate type of growth habit under the protected
structures. Taller plants are considered to be more desirable because they lead to more
number of branches which ultimately bear more number of fruits and result in increased

productivity.

GAs @ 50 ppm produced maximum (196.38 cm) plant height and this was
statistically at par with B4 (GAs @ 75 ppm) which recorded plant height of 194.33 cm (table
4.13). Among plant growth stages, flowering stage (A2) recorded maximum (202.80 cm)
plant height. The combined effect of growth regulators at different stages of plant growth
showed that A2B4 (GA3z @ 75 ppm sprayed at flowering stage) recorded maximum (215.00
cm) plant height which was significantly at par with A:Bs (GA3 @ 75 ppm sprayed at
vegetative stage) and superior from all other two way interactions. During autumn-winter
NAA @ 50 ppm produced maximum (213.18 cm) plant height and this was significantly
superior from other whereas, from the different stages of plant growth the flowering stage
(Az2) recorded maximum (223.50 cm) plant height. The combined effect of growth regulators
at different stages of plant growth showed that A1B: (NAA @ 50 ppm sprayed at vegetative
stage) recorded maximum (252.47 cm) plant height which was significantly superior from all
the other two way interactions. This might be due to the influence of plant growth regulators
on the expansion and enlargement of meristematic cells. PGRs promote vegetative growth
by active cell division and elongation especially in the apical portion of the plants. Taiz and
Zeiger (2009) reported that by promoting cell growth and division, the gibberellins stimulate
elongation of internodes. Another reason could be due to cell elongation and rapid cell
division in growing portion, stimulated RNA and there by leading to enhanced growth and
development. Our findings are in agreement with those of Pundir and Yadav (2001),
Nibhavanti et al. (2004), Bokode et al. (2006), Naz et al. (2020), Kumar et al. (2014), Verma
et al. (2014) Maity et al. (2016), Tomar et al. (2017), Siwna et al. (2018) in tomato.
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Table 4.13: Effect of GAs and NAA on plant height (cm) at different growth stages of tomato plant

Seasons
Growth Spring —Summer Autumn-Winter
gulators
Naphthalene . . . Naphthalene . . .
Acetic Acid Gibberellic Acid Acetic Acid Gibberellic Acid
Mean Mean
Different 50ppm | 75ppm | 50ppm | 75ppm A 50ppm | 75ppm | 50ppm | 75ppm A
OS: ?32?1 t B1 B> Bs B4 B1 B2 B3 B4
Vegetative
175.87 | 195.60 | 209.00 | 212.33 | 198.20 | 252.47 | 213.40 | 203.00 | 197.27 | 216.53
stage (A1)
Flowering
197.33 | 195.33 | 203.53 | 215.00 | 202.80 | 218.80 | 220.00 | 243.67 | 211.53 | 223.50
stage (A2)
Fruiting
185.33 | 155.33 | 182.67 | 191.67 | 178.75 | 196.73 | 189.07 | 194.00 | 204.07 | 195.97
stage (As)
All above
167.67 | 158.33 | 190.33 | 158.33 | 168.67 | 184.73 | 193.73 | 189.00 | 181.20 | 187.17
three (A1)
Mean B 181.55 | 176.15 | 196.38 | 194.33 213.18 | 204.05 | 207.42 | 198.52
CD o.05
Factor (A) 2.03 4,13
Factor (B) 2.03 4.13
Factor
(AxB) 4.07 8.25

All above three stages Fruiting stage
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Flowering stage Vegetative Stage

Plate 4.1: General view of fruits in different plant stage after application of GAs @ 75

ppm

Flowering Stage Vegetative Stage

Plate 4.2: General view of fruits in different plant stage after application of GAs @ 50
ppm
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Flowering stage

T Fruiting Stage

Vegetative stage

Plate 4.3: General view of fruits in different plant stage after application of NAA @ 75

ppm

Al above three Stage

Fruiting Stage
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Flowerina Staae Vegetative Stage

Plate 4.4: General view of fruits in different plant stage after application of NAA @ 50
ppm

Control (without any treatment

Plate 4.5: Fruit without any treatment (Control)

4.14 Effect of different treatment modules on economics of tomato production

Input cost for land preparation, seed cost, fertilizer and manure cost, plant protection
measures cost and man power required for all the operations from transplanting of seedling
to harvesting of tomato were recorded per treatment and converted into unit plot and then
converted into cost per m?. Prices of tomato were considered according to university rate

basis. The economic analysis was carried out to find the gross and net return and the benefit
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cost ratio in the current research work. The relevant treatment-wise cost of cultivation, gross
returns, net returns and benefit: cost ratio (B: C ratio) of tomato has been worked out for and

depicted in Table 4.14, 4.15 and Appendix-I11, respectively.

Perusal of data for spring-summer revealed that highest cost of cultivation (Rs.
159.42 /m?) was incurred in T1s i.e. GAz @ 75ppm + All above three stage (Rs. 158.98 /m?)
followed by Tg i.e. NAA @ 75ppm + All above three stage, whereas lowest cost of
cultivation (Rs. 135.62/m?) was observed in Tz i.e. NAA @ 50ppm + Fruiting stage. The
economic analysis showed that the highest net return of Rs.332.82 /m? by incurring
Rs.158.98/- towards cost of cultivation per m?was obtained from treatment combination T1s
(GA, @ 75ppm + All above three stage) on account of highest yield (24.59 kg/m?) with the

second highest benefit: cost ratio of 2.09. However, the highest benefit: cost ratio was 2.19
obtained in treatment combination T14 (GAs @ 75ppm + Flowering stage) which otherwise
recorded second highest yield (22.59 kg/m?) as well as net returns (Rs. 309.96/-) as
compared to the former treatment combination i.e. Tis. This was ‘in fact’ on account of
additional cost incurred for the treatment combination T1s (GAs @ 75ppm + All above three
stage). Similarly, for Autumn-Winter season data revealed that highest cost of cultivation
(Rs. 159.42 /m?) was incurred in Tsi.e. NAA @ 75ppm + All above three stage which was
followed by Ti6 i.e. GAs @ 75ppm + All above three stage (Rs. 159.00 /m?), whereas lowest
cost of cultivation (Rs. 135.62/m?) was observed in Tzi.e. NAA @ 50ppm + Fruiting stage.
The economic analysis showed that the highest net return of Rs.394.00 /m? by incurring
Rs.159.00/- towards cost of cultivation per m?was obtained from treatment combination T1s
(GA, @ 75ppm + All above three stages) on account of highest yield (27.65 kg/m?) with a

highest benefit: cost ratio of 2.48. However, the second highest benefit: cost ratio was 2.19
obtained in treatment combination T3 (NAA @ 50ppm + Fruiting stage) which otherwise
recorded yield (21.64kg/m?) as well as net returns (Rs. 394.00/-) as compared to the former
treatment combination that isTis. Based on the results obtained in this experiment, it is

concluded that the treatment modules T14 (GA, @ 75ppm + Flowering stages) and Tis (GA,

@ 75ppm + All above three stages) were found to be superior over all other treatments in
relation to growth and yield parameters for Spring-Summer and Autumn-Winter season in
tomato crop under the agro-climatic conditions of Palampur.

However, since these results are based on two seasons experiment; further trials may

be needed to substantiate the results. The present results are in line with the findings of
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Singh et al. (2017) in capsicum, Muhammad et al. (2019) in tomato in which GA3 (75ppm)
was the most profitable than rest of the treatments under the study and Ali et al. (2020) in

tomato.

Table 4.14: Effect of different treatment combinations on economics (Spring-Summer Season) of tomato

plant

Treatm Treatment details Marketab | Cost of Gross Net Output:
ent le yield cultivati | return | return input
2 2 H
code per m on , | (Rs)/m (Rsz) rfltlo
area (kg) (Rs)/m area /m /m area
area area
Ti | NAA @ 50ppm + Vegetative stage 2052 14168 | 410.40 | 26872 | 1.90
T2 | NAA@ 50ppm + Flowering stage 19.77 137.74 | 395.40 | 257.66 | 1.87
Ts | NAA @ 50ppm + Fruiting stage 19.05 135.62 | 381.00 | 24538 | 1.81
Ta NAA @ 50ppm + All above three
17.27 150.34 | 345.40 | 195.06 | 1.30
stage
Ts | NAA @ 75ppm + Vegetative stage 19.61 15291 | 392.20 | 239.29 | 1.56
Ts | NAA @ 75ppm + Flowering stage 17.74 149.83 | 354.80 | 204.97 | 1.37
T7 NAA @ 75ppm + Fruiting stage 20.36 146.77 407.20 | 260.43 1.77
Ts NAA @ 75ppm + All above three
18.06 159.42 | 361.20 | 201.78 | 1.27
stage
To | GA, @ 50ppm + Vegetative stage 17.73 140.84 | 35460 | 213.76 | 152
Two | GA, @ 50ppm + Flowering stage 16.01 137.76 | 32020 | 18244 | 1.32
Tu | GA, @ 50ppm + Fruiting stage 18.41 139.94 | 36820 | 22826 | 1.63
T2 GA3 @ 50ppm + All above three
19.60 152.84 | 392.00 | 23952 | 1.57
stage
Tz | GA,@ 75ppm + Vegetative stage 17.56 149.90 | 35120 | 201.90 | 1.35
T | GA, @ 75ppm + Flowering stage 22,59 141.84 | 451.80 | 309.96 | 2.19
Tis | GA, @ 75ppm + Fruiting stage 21.73 145.84 | 43460 | 288.76 | 1.98
Tis GAs @ 75ppm + All above three
24,59 158.98 | 491.80 | 332.82 | 2.09
stage
T Control (without any treatment) 16.52 139.48 33040 | 190.92 1.37
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Table 4.15 Effect of different treatment combinations on economics (Autumn-Winter Season) of tomato

plant
Treatm Treatment details Marketabl | Cost of Gross Net Output:
ent e yield per | cultivatio | return | return input
2 2 2 H
code m area | n(Rs)/m | (Rs)/m (RSZ) r?tlo
(kg) area area /m /m area
area
T: NAA @ 50ppm + Vegetative stage 19.97 141.68 395.80 | 254.12 1.79
T2 NAA @ 50ppm + Flowering stage 20.44 137.74 408.80 | 271.06 1.98
Ts NAA @ 50ppm + Fruiting stage 21.64 135.62 432.80 | 297.18 2.19
Ta NAA @ 50ppm + All above three 150.34 380.80 | 230.46 1.53
stage 19.04
Ts NAA @ 75ppm + Vegetative stage 18.94 152.91 378.80 | 225.89 1.48
Ts NAA @ 75ppm + Flowering stage 20.33 149.83 406.60 | 256.77 1.71
Tz NAA @ 75ppm + Fruiting stage 20.12 146.77 402.40 | 255.63 1.74
Ts NAA @ 75ppm + All above three 159.42 461.40 | 301.98 1.89
stage 23.07
To GA3 @ 50ppm + Vegetative stage 140.80 349.80 | 209.00 1.48
17.49
T1o GA3 @ 50ppm + Flowering stage 137.80 330.80 | 193.00 1.41
16.54
Tu GA3 @ 50ppm + Fruiting stage 139.90 331.20 | 191.30 1.37
16.56
T2 GA, @ 50ppm + All above three 152.84 389.20 | 236.40 1.55
stage 10.46
Tis GA3 @ 75ppm + Vegetative stage 149.90 330.00 180.10 1.21
16.50
Tia GA3 @ 75ppm + Flowering stage 141.80 461.80 | 320.00 2.26
23.09
Tis GA3 @ 75ppm + Fruiting stage 145.80 429.00 | 283.20 1.94
21.45
Tis GA3 @ 75ppm + All above three 159.00 553.00 | 394.00 2.48
stage 27.65
T Control (without any treatment) 139.48 | 350.20 210.72 1.51

1751
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5. SUMMARY AND CONCLUSIONS

The experiment entitled, “Studies on effect of plant growth regulators in polyhouse
grown tomato (Solanum lycopersicum L.)’> was conducted in a modified naturally ventilated
polyhouses at the Experimental Farm of Department of Vegetable Science and Floriculture,
CSK Himachal Pradesh Krishi Vishvavidyalaya, Palampur during spring-summer and

autumn-winter season with the following objectives in view:

I.  To study the effect of different plant growth regulators on yield and quality of tomato
and

Il.  to work out the economics of tomato production under protected conditions.

The experiment was laid out in a factorial randomized block design with three
replications, consisting of seventeen treatments having combinations of two plant growth
regulators i.e. (GAz @ 50ppm, GAz @ 75ppm and NAA @ 50 ppm, NAA @ 75ppm) and
four growth stages of tomato plant viz., Vegetative stage, flowering stage, fruiting stage and

all above three stages.

Genotype Palam Tomato Hybrid-1 were used for the study and sowing was done in
plastic plug trays by using soilless media having, coco peat, perlite and vermiculite in the
ratio of 3:1:1, respectively inside the growth chamber on 3™ February, 2020 for spring-
summer and 23 July, 2020 for autumn-winter season to get healthy and disease-free
seedlings of tomato. The seedlings of spring-summer tomato crop were ready for
transplanting after 25 days and subsequently transplanted on 1% March, 2020 whereas, the
seedlings of autumn-winter season were ready for transplanting after 28 days and
transplanted on 20" August, 2020 inside the modified naturally ventilated polyhouse having
250 m? area. The crops were raised following all the package and practices for protected

cultivation of tomato.

The interactions of the plant growth regulators with growth stages of plant exhibited
significant results for day to 50 per cent flowering in both the seasons and indicated that
when growth regulator GAs @ 75ppm sprayed at flowering stage took minimum number of
days (27.58) for harvesting. The effect of plant growth regulators was non-significant for
number of fruits per cluster in both the seasons. Growth regulator GAz @ 75 ppm when
sprayed produced maximum number of fruits per plant i.e. 52.75 and 57.25, respectively in

both the seasons. Whereas from the different stage of plant growth the flowering stage (A2)
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produced (54.67 and 60.17) numbers of fruits per plant. The combined effect of growth
regulators with the different stages of plant growth showed that A2Bs (GAz @ 75 ppm
sprayed at flowering stage) produced (57.00 and 66.33) number of fruits per plant during
both the seasons, which were significantly at par with the A2B2, A2B3, and Ai1Bainteractions
which produced 55.00 number of fruits per plant. GAs plays important role on controlling
pre harvest fruit drop and increases fruit setting percentage. Studies showed that fruit weight
of tomato significantly varied with the application of plant growth regulators during both the
seasons. The interactions of the plant growth regulators and different stages of plant
exhibited (AxB) significant results for fruit weight. Among the application of PGRs, GA:@
75 ppm when sprayed produced maximum (65.17 g and 64.62 g) fruit weight in both the
seasons whereas, during different stages of plant growth when this GAs sprayed at fruiting
stage (A2) plants produced fruits having maximum (66.27 g and 66.14 g) fruit weight. The
combined effect of growth regulators with the different stages of plant growth showed that
A:B4 (GAs @ 75 ppm sprayed at flowering stage) produced maximum fruit weight (71.90 g
and 69.50 g) which were significantly at par with the AzBa,

The present study summarized that marketable yield per plant varied significantly
with the application of plant growth regulators at different growth stages of the plant. The
interactions of the plant growth regulators with different stages of plant also exhibited
significant results for marketable yield per plant for both the seasons.GAz @ 50 ppm and @
75 ppm when sprayed produced maximum (3.32 kg and 3.72 kg) marketable yield per plant
for spring-summer and autumn-winter season, respectively. Whereas, from the different
stage of plant growth the flowering stage (Az) recorded maximum (3.60 kg and 3.70 kg)
marketable yield per plant for first and second season. The combined effect of growth
regulators at different stages of plant growth showed that A2Bs (GAz @ 75 ppm sprayed at
flowering stage) recorded maximum (4.10 kg and 4.61 kg) marketable yield per plant which
was significantly superior from all two-way interactions. Similar trend was recorded in
marketable yield per m2. Application of growth regulators GAs @ 50 ppm and 75 ppm when
sprayed produced maximum (19.89 kg and 22.31 kg) for both the seasons. Whereas, from
the different stages of plant growth the flowering stage (A2) recorded maximum (21.62 kg
and 22.17 kg) marketable yield per m2. The combined effect of growth regulators at different
stages of plant growth showed that A2Bs (GAs @ 75 ppm sprayed at flowering stage)
recorded maximum (24.59 kg and 27.65 kg) marketable yield per m? during both the seasons

which was significantly superior from all other two-way interactions. Plant height also
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varied significantly with the application of PGRs on different stages of the plant. The
combined effect of growth regulators at different stages of plant growth showed that A2B4
(GAs @ 75 ppm sprayed at flowering stage) and AiB: (NAA @ 50 ppm sprayed at
vegetative stage) recorded maximum (252.47 cm and 215.00 cm) plant height in both
seasons. The use of GAs considerably increase the number of fruits per plant, fruit settings,
the weight of fruits and significantly increases the total yield per plant and per m? area. In
many cases GAz promote vegetative growth i.e. height of the plant because it also promotes
cell division and elongation.

Regarding the quality parameter PGRs have significant role & in the present study
ascorbic acid content varied significantly with the application of plant growth regulators at
different stages of plant growth in both the seasons. Application of growth regulators GA; @
75 ppm when sprayed improved the quality in terms of vitamin C content and the value is
26.62 and 29.80 mg/100 g. Whereas, for the different stages of plant growth the flowering
stage (A2) recorded maximum (26.63 and 30.12 mg/100) vitamin C content. The combined
effect of growth regulators at different stages of plant growth showed that A2Bs (GAz @ 75
ppm sprayed at flowering stage) and A:B:1 (NAA @ 50 ppm sprayed at flowering stage)
recorded maximum (27.40 and 30.97 mg/100 g) ascorbic acid content for first and second
season. The economic analysis showed that the highest net return of Rs. 394.00 /m? by
incurring Rs. 159.00/- towards cost of cultivation per m? was obtained from treatment
combination T1s (GAs @ 75ppm + All above three stages) on account of highest yield (27.65
kg/m?) with a highest benefit: cost ratio of 2.48.

Conclusions:

From the present experiment, it has been concluded that tomato plants sprayed with
GAs @ 75ppm at flowering stage recorded maximum marketable yield and its contributing

characters.
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Mean weekly meteorological data recorded inside modified naturally ventilated
polyhouse during 02-Apr-20to 23-Jul-20

Standard Dates Temperature (°C) Relative
week Maximum Temp | Minimum Temp | Humidity

(°C) (°C) (%)
14 02-Apr-20 30.70 17.36 71.53
15 09-Apr-20 34.14 21.20 71.95
16 16-Apr-20 32.71 20.14 72.36
17 23-Apr-20 32.86 21.21 72.76
18 30-Apr-20 33.21 22.64 73.28
19 07-May-20 34.13 21.69 73.06
20 14-May-20 35.07 22.31 73.64
21 21-May-20 39.57 26.60 74.54
22 28-May-20 35.24 22.86 74.97
23 04-Jun-20 34.93 23.89 74.72
24 11-Jun-20 36.71 26.36 74.69
25 18-Jun-20 36.71 26.36 74.26
26 25-Jun-20 36.21 25.86 73.52
27 02-Jul-20 36.91 26.31 72.62
28 09-Jul-20 36.14 26.36 7191
29 16-Jul-20 35.71 26.21 71.26
30 23-Jul-20 35.14 26.43 70.60
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Mean weekly meteorological data recorded inside modified naturally ventilated polyhouse
duringl7-Sep-2020 to 19-Feb-2021

Standard Dates Temperature (°C) Relative Humidity
week Maximum Temp | Minimum Temp

°C) (°C) %)
38 17-Sep-20 36.64 24.81 76.43
39 24-Sep-20 36.00 21.93 68.29
40 01-Oct-20 36.50 21.24 66.14
41 08-Oct-20 36.07 21.00 69.50
42 15-Oct-20 35.00 19.44 68.50
43 22-Oct-20 33.00 17.29 63.75
44 29-Oct-20 32.29 16.93 63.50
45 05-Nov-20 43.07 28.38 68.02
46 12-Nov-20 43.99 28.89 66.81
47 19-Nov-20 45.13 29.88 66.60
48 26-Nov-20 46.36 31.11 66.67
49 03-Dec-20 47.83 32.56 66.26
50 10-Dec-20 49.67 34.43 65.95
51 17-Dec-20 52.05 36.88 66.26
52 25-Dec-20 54.87 39.73 66.65
1 01-Jan-21 56.56 41.36 66.46
2 08-Jan-21 58.35 43.14 66.41
3 15-Jan-21 60.24 45.03 66.38
4 22-Jan-21 62.23 47.02 66.34
5 29-Jan-21 64.28 49.08 66.35
6 05-Feb-21 28.58 14.65 68.80
7 12-Feb-21 28.31 15.06 71.04
8 19-Feb-21 59.22 44.48 67.40
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