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EFFECT OF BORON AND GIBBERELLIC ACID ON GROWTH, YIELD
AND QUALITY OF TOMATO

ABSTRACT

A field experiment was conducted at the research farm of Sher-e-Bangla
Agricultural University, Dhaka-1207, during the Rabi season from November
2015 to March 2016 to study the effects of boron (B) and gibberellic acid (GAj3)
on growth, yield and quality of tomato. The experiment was laid out in a
Randomized Complete Block Design (RCBD) with three replications of each
treatment. The unit plot size was 2m x 1.8m. There were 12 treatment
combinations in the experiment comprising 3 levels of Boron (0 kg ha™, 0.8 kg ha
& 1 kg ha designated as By, B; & B, respectively) and 4 levels of gibberellic
acid (0 ppm, 50 ppm, 100 ppm & 150 ppm designated as Gy, Gy, G, & Gj
respectively). The effect of different doses of boron, gibberellic acid and their
combined effect showed significant variations in growth, yield and quality of
tomato. Individual application of B, @ 0.8 kg ha gave the highest plant height,
no. of leaves per plant, flower clusters per plant, flowers per cluster, fruit per
plant, fruit wt per plant (2.391 Kg), fruit wt per plot (24.91 Kg), fruit yield (69.20 t
ha ™), TSS 7.233 %, vitamin-C (98.72 mg per 100g) but B, @ 1 kg ha ' gave
highest B-carotene (0.3167 mg per 100g). And G, @ 100 ppm gave the highest
plant height, number of Leaves per plant, flower clusters per plant, fruit per plant
(1.995 kg), fruit wt per plot (19.67 kg), fruit yield (54.63 t ha™), TSS 7.389 %, B-
carotene (0.3178 mg per 100g), vitamin-C (91.45 mg per 100g). In case of
combined effect, B;G, (B; @ 0.8 kg ha™ + G, @ 100 ppm) gave the highest plant
height, no. of leaves per plant, flower clusters per plant, flowers per cluster, fruit
per cluster, fruit per plant, fruit wt per plant (2.57 Kg), fruit wt per plot (28.25
Kg), fruit yield (78.46 t ha™), TSS 7.6%, p-Carotene (0.35 mg per 100g), vitamin-
C (111.5 mg per 100g). Finally, it was concluded that B;G, (B; @ 0.8 kg ha™ + G,
@ 100 ppm) was the best for growth, yield and quality of tomato.
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CHAPTER I
INTRODUCTION

One of the most palatable vegetables which usually occupy the maximum number of
our daily dishes and thus takes its possession in market is tomato (Lycopersicon
esculentum Mill.). Among the members of the Solanaceous crop it possesses versatile
use. Due to the excellent adaptability to wider range of soil and climatic conditions, it
can be grown in any part of the world (Ahmed, 1976). The climatic condition of
Bangladesh favours tomato to grow in winter season and it can be cultivated in all
parts of the country (Haque et al., 1999). Now a day’s several varieties of tomato
have been developed for cultivation in summer season. It originated in tropical
America (Salunkhe et al., 1987), mainly in the region of the Andes Mountain in Peru
and Bolivia (McCollum, 1992). It ranks third in the worlds vegetable production next
to potato and sweet potato (FAO, 2003) but as a processing crop ranks first among
the vegetables (Choudhury, 1979 ; Shanmugavelu, 1989).

Tomato has a significant role in human nutrition because of its rich source of
lycopene, minerals and vitamins such as ascorbic acid (vitamin-C) and p-carotene
(vitamin-A) which are antioxidants that promote good health (Wilcox et al.,
2003). Lycopene is a very powerful antioxidant which can help prevent the
development of many forms of cancer. Vitamin-C is important in forming collagen, a
protein that gives structures to bones, cartilage, muscle and blood vessels. It also
helps to maintain capillaries, bones and teeth and aids in the absorption of iron.
Vitamin-A is important for bone growth, cell division and differentiation, helping in
the regulation of immune system and maintaining surface linings of eyes, respiratory,
urinary and intestinal tracts. It is highly nutritious as it contains 94.1% water, 23
calories energy, 1.90 g protein, 1 g calcium, 7 mg magnesium, 1000 IU vitamin A,
31 mg vitamin C, 0.09 mg thiamin, 0.03 mg riboflavin, 0.8 mg niacin per 100 g
edible portion (Rashid, 1983). Moreover it possesses medicinal value for human

health and much popular as raw salad. It is also used as vegetable or as processed



food items such as sauce, soup, juice, ketchup, pickles, paste, puree, powder, jam,
and jelly. Excellent nutritional and processing qualities have made tomato demand

full in both domestic and foreign markets.

In Bangladesh, the recent statistics shows that tomato was grown in 63000 acres of
land and the total production was approximately 255000 metric tons during the year
2011-2012 and the average yield of tomato was 4035 kg acre” (BBS, 2012) While it
was 69.41 tha” in USA, 21.27 t ha in India, 31.13 t ha in China and 65.45 t ha™ in
Japan (FAO. 2004). The yield of tomato in our country is not satisfactory in
comparison to its requirement. The low yield of tomato in Bangladesh; however, is
not an indication of low yielding ability of this crop, but of the fact that low
yielding variety, low standard crop management practices and lack of better

technologies.

Adequate supply of micronutrients also plays an important role in tomato production.
Among the plant micro nutrients, boron (B) plays an important role directly and
indirectly in improving the growth, yield and quality of tomato in addition to
checking various diseases and physiological disorders (Magalhaes et al., 1980).
Crops differ in their sensitivity to boron deficiency. Tomato’s in general having a
high boron requirement (Mengel and Kirkby, 1987). Fruit and seed set failure is a
major reason for lower yield of rabi crops and this problem can be attributed to boron
deficiency, as reported in tomato (Rahman et al., 1993). Boron deficiency may cause
sterility i.e. less fruits per plant attributing lower yield (Islam and Anwar, 1994).
Deficiency of boron causes restriction of water absorption and carbohydrate
metabolism which ultimate affects fruit and seed formation and thus reduces yield. In
fertilizer schedule, an inclusion of boron often decides the success and failure of the
crops (Dwivedi et al., 1990). It is reported that the ranges between deficiency and
toxicity of boron are quite narrow and that an application of boron can be extremely
toxic to plants at concentrations only slightly above the optimum rate (Gupta et al.,

1985). This emphasizes the need for a judicial use of boron fertilizer.



Again, Plant Growth Regulators such as Gibberellic acid (GAj) can also play an
important role for better yield of tomato. The application of GAj; had significantly
increased the number of fruits per plant than the untreated controls. GA3 (55 ppm)
sprayed on flower cluster resulted to increase in fruit weight (Tomar and Ramgiry,
1997; Adlakha and Verma, 1995). To increase the yield and to avoid flower and fruit
dropping, application of GA; at right concentration and right time is important.
Gibberellic acid has great effects on plant physiological systems including fruit
setting, leaf expansion, germination, breaking dormancy, increasing fruit size,
improving fruit quality and in many other aspects of plant growth and thereby

increased crop production.

Numerous researches on the effect of boron in association with application of GA;on
the growth, yield and quality of tomato in developed countries but information on
systematic research in this context in Bangladesh is limited. Therefore, the present

study was undertaken with the following objectives:

» To find out the effect of boron on the growth, yield and quality of tomato
» To determine the effect of GA; on the growth, yield and quality of tomato
» To find out an appropriate combination of boron and GA; for ensuring proper

growth, yield and good quality of tomato.



Chapter 11

REVIEW OF LITERATURE

Tomato (Lycopersicum esculentum Mill.) is one of the most important vegetable
crops in Bangladesh and received much attention to the researcher throughout the
world. Boron (B) and Plant growth regulators like Gibberellic acid (GA3) both of
them are most important elements for maximizing the yield of tomato.
Experimental evidences showed that there has a great influence of boron (B)
fertilizers on this crop. The fertilizer requirements, however, varies with the soil
and cultural conditions. Application of this GA; has different modifying
influences on growth, yield and quality; and yield contributing characters of
tomato as well as other crops. Research works have been done in various parts of
the world more or less adequate but is not conclusive in Bangladesh. Some of the
important and informative works conducted home and abroad in this aspect, have

been reviewed in this chapter.

2.1 Effect of Boron (B) on growth, yield and quality of tomato

Tomato crop requires sufficient amount of fertilizers for growth, yield and quality.
For improving plant growth and development, use of organic and inorganic
manure or fertilizers is essential. It is well established fact that chemical fertilizers
improve plant growth directly. Like other nutrients, boron has a pronounced effect
on the production and quality of tomato. Boron is needed by the crop plants for
cell division, nucleic acid synthesis, and uptake of calcium and transport of
carbohydrates. Boron also plays an important role in flowering and fruit

formation.

Yadav et al. (2006) evaluated that the effects of boron (0.0, 0.10, 0.15, 0.20, 0.25,
0.30 or 0.35 %) that applied to foliage after transplanting for the yield of tomato

4



cv. DVRT-1 in Allahabad, Uttar Pradesh, India, during 2003-2004. The maximum
number of fruits per plant (44.0), number of fruits per plot (704.0), yield per plant
(0.79 kg), yield per plot (12.78 kg) and yield per ha (319.50 quintal) were obtained
with 0.20 % boron, whereas the excellent fruit weight (27.27 g) was recorded for
0.10 % boron.

Smit and Combrink (2004) observed that insufficient fruit set of tomatoes indicate
poor pollination in low cost greenhouses is a problem in South Africa, as
bumblebee pollinators may not be imported. Since sub-optimum boron (B) levels
may also contribute to fruit set problems. Four nutrient solutions with only B at
different levels (0.02; 0.16; 0.32 and 0.64 mg L) were used. Leaf analyses
indicated that the uptake of Ca, Mg, Na, Zn and B increased with higher boron
levels. At the low boron level, leaves were brittle and appeared pale-green and
very high flower abscission percentages were found. Fruit set, fruit development,
colour, total soluble solids, firmness and shelf life seemed to be close to optimum
was investigated at 0.16 mg L' boron level. The highest boron level had no

detrimental effect on any of the yield and quality related parameters.

Ben and Shani (2003) stated that Boron is inevitable for growth at low
concentrations and limits growth as well as yield when in excess. The influences
of B and water supply on tomatoes (Lycopersicon esculentum Mill.) were
investigated in lysimeters where boron levels in irrigation water were 0.02, 0.37,
and 0.74 mol m™. Conditions of excess boron and of water deficits were found to
decrease yield and transpiration of tomatoes. Both irrigation water quantity and
boron concentration influenced water use of the plants in the same manner as they

influenced yield.



Shoba et al. (2005) conducted a field experiment in Tamil Nadu, India, during the
2002 rabi season, to investigate the effects of calcium (Ca) and boron (B) fertilizer
and ethrel (ethephon) applications among with 45 x 45 and 65 x 45 spacing’s
against fruit cracking in the tomato genotypes LCR 1 and LCR 1 x H 24. Between
the 2 genotypes, the fruit cracking percentage was low in LCR 1 x H 24. Among
the 2 spacing’s, closer spacing showed less fruit cracking and among the different
nutrient treatments, the spraying of B with Ca was effective in controlling fruit

cracking.

Oyinlola (2004) evaluated a field trial in the Sudan savanna ecological zone in
Nigeria to identify the effects of boron as 0, 1, 2, 3, 4, and 5 kg ha™ on the growth,
dry matter yield and nutrient concentration of tomato cultivars Roma VF and
Dandino. Application of boron significantly (P<0.05) increased the number of
leaves and dry matter yield of the crop. Nutrient concentrations of potassium and
phosphorus in the plant tissue fell within the deficiency range established for
tomato plants, while calcium, magnesium, boron, zinc, manganese and copper
concentrations fell within and iron concentrations above the sufficient nutrient
range. Significant correlation existed between growth, yield parameters and
nutrient concentrations and also among the nutrient concentrations. Boron
supplied to plant with 2 kg ha" recorded the highest number of leaves and dry
matter yield in both years. Cultivar Dandino recorded higher number of leaves and

dry matter yield than cv. Roma VF.

A greenhouse experiment involving 4 rates of B (0, 5, 10 and 20 mg) and 3 rates
of Zn (0, 10 and 20 mg) was conducted by Gunes et al. (2000) in tomato plants
(cv. Lale). B toxicity symptoms occurred at B rates of 10 and 20 mg. These
symptoms were lower in plants grown with applied Zn. Fresh and dry weights of
the plants clearly decreased with increasing applied B concentration. Zn
treatments partially depressed the inhibitory effect of B on growth. Increased rates

6



of B increased the concentrations of B in plant tissues; higher concentrations were
observed in the absence of applied Zn. Zn + B treatments increased the

concentration of Zn in plants.

A greenhouse experiment was carried out by Singaram and Prabha (1999) on
tomato hybrid Naveen (115 days duration) and non-hybrid cv. Co.3 (105 days
duration) to evaluate the interaction of naturally occurring Ca with applied B. The
Ca concentration in different parts of the tomato plant varied significantly among
treatments. Foliar spray (0.3 %) accounted for higher content of B in the shoot.
Application of boronated superphosphate and 30 kg borax ha™' resulted in higher B
content in shoots similar to that of foliar application. Soil application of borax at
30 kg ha™' accounted for higher accumulation of B. The equivalent Ca : B ratio in

the shoot was significantly and negatively correlated with the fruit yield.

Amarchandra and Verma (2003) conducted an experiment during the rabi seasons
of 1998 and 1999 at Jabalpur, Madhya Pradesh, India to evaluate the effects of
boron and calcium on the growth and yield of tomato cv. Jawahar Tomato-99.
Boron (1, 2, and 3 kg ha™), calcium carbonate along with phosphorus (60 kg ha™)
and potassium (40 kg ha™) were applied before transplanting, whereas nitrogen
(100 kg ha™") was applied in split doses at 25 and 50 days after transplanting. They
observed that the application of 2 kg B ha™' + 2 kg Ca ha™ recorded the highest
yield.

Prasad et al. (1997) carried out a field experiment in rabi (winter) 1991-1994 on
an acidic red loam soil at Ranchi, India, tomato cv. Pusa Ruby plants were given a
soil boron application (0.00, 4.54, 9.09, 13.63 or 18.18 kg borax ha™') at final field
preparation or a foliar boron application (0.0, 1.0, 1.5, 2.0 or 2.5 kg borax ha™) at

25 days after transplanting. Boron application significantly increased tomato yield



compared to the control treatment, with the highest yields produced on plots given
a foliar application of 2.5 kg borax ha™ (48.74, 152.61 and 227.67 q ha™' in 1991-
92, 1992-93 and 1993-94, respectively). Foliar application of borax at 2.5 kg ha™'
also gave the highest average yield (143.06 q ha™) and the highest net additional
income (Rs 7324).

Davis et al. (2003) carried out an experiment to compare the effects of foliar and
soil applied B on plant growth, fruit yield, and fruit quality and tissue nutrient
levels. Regardless of the application method, B was associated with increased
tomato growth and the concentration of K, Ca, and B in plant tissue. Boron
application was associated with increased N uptake by tomato in field culture, but
not under hydroponic culture. Responses of tomato to foliar and root B application
suggests that B is translocated in the phloem in tomatoes. Fruits from plants
receiving foliar or root-applied B contained more B and K than fruits from plants
not receiving B, indicating that B was translocated from leaves to fruits and is an

important factor in the management of K nutrition in tomato.

Palkovics and Gyori (1984) determined the effect of boron on the growth and
yield of potato cv. Somogy on rusty forest soil. It was observed that the
application of boron contributed to yield increments and to the improvement of
tuber quality. The critical level of B was 60 mg kg™ of foliage and above this, B

content depressed yield.

Omer et al. (1982) stated that the boron at any concentration had little effect on
plant and tuber number; but marketable tuber yield was increased with increasing

concentration of boron.



Grewal and Trehan (1981) studied the effect of trace elements on potato and
observed that some cultivers showed a marked response to Zn and B application

while others showed little response.

Awasthi and Grewal (1977) worked with potatoes on slightly acidic soils at
Shillong, India, using soil application of 25 kg ZnSO,ha™' or foliar application of
0.1 % boron solution. They observed that both Zn and B application increased

tuber yield by 100-150 kg ha™.

Naresh (2002) carried out an investigation in Nagaland, India during 1998-2000 to
identify the effects of foliar application of boron (50, 100, 150, 200, 250 and 300
ppm) on the growth, yield and quality of tomato cv. Pusa Ruby. Boron improved
the yield and quality of the crop. The highest yield (327.18 and 334.58 q ha™) was
obtained when the plant was streamed with 250 ppm aqueous solution of boron. B
also had positive effects on plant height, number of branches, flowers and number
of fruit set per plant, resulting in an increase in the number of fruits per plant and
total yield. At lower rates, B improved the chemical composition of tomato fruits
and at higher rates increased the total soluble solids, reducing sugar and ascorbic
acid contents of the fruits. Acidity of fruits showed a marked increase with
increasing levels of B up to 250 ppm. However, the significant effects of B were

recorded in the second year only.

Cardozo et al. (2001) concluded the effects of Ca and B fertilizers on the
productivity of tomato cv. Debora Max were investigated in Espirito Santo do
Pinhal, Sao Paulo, Brazil from April to July 2000. Aminobor at 300 ml per 100
litres gave the highest value for fruit weight, while Ca at 60 g per 100 litres and B
at 150 g per 100 litres recorded the highest number of fruits.



Lozek and Fecenko (1992-93) studied in a small plot trial on loamy brown soil
where potato was grown with the foliar applications of 2 kg sodium humate, 0.5
kg Mn, 0.2 kg B or both. Without foliar fertilizer application, tuber yield was
average 20.15 t ha'. Yield increased by 4.2 % with sodium humate alone, 11.7-
15.7 % with Mn and/or B and 17.8-23.6 % with sodium humate + Mn and/or B.
Tuber nitrate content was 45.5 mg kg™ in the control and increased to 50.5 mg kg™
with Mn alone and 47.2 mg with B alone; it decreased with the other treatments

and was lowest (30.1 mg kg) with sodium humate + B.

Baevre (1990) reported that growing the glasshouse cultivar Jet in peat with
different levels of B (1.4, 2.2 or 4.6 g m”), reduced mean fruit weight and
increased the proportion of fruits weighing between 5 and 30 g. Increased B
supply improved fruit shape and reduced hollowness (puffiness), especially in
fruits with a salable weight. The effect of B on seed development was most
marked for small fruits. B rate had no significant effect on the relationship

between seed weight/fruit and fruit weight.

Vasil et al. (1997) observed in the field experiments during 1994 and 1995 in
Republic of Macedonia where tomato cv. AT-70-14 was grown on a low
carbonate alluvial soil with the treatments: (1) control (no fertilizer); (2) N100
P100 K150; (3) NPK as (2) + 1 % Mg; (4) NPK + 0.5 % B; (5) NPK + 1 % Mg +
0.5 % B. Treatments 2-5 gave the higher yields than the control treatment in both
years. The NPK + Mg + B fertilizer was calculated to be the most profitable

treatment and was recommended for production of industrial tomatoes.

Delibas and Akgun (1996) examined the effects of irrigation water with 0.5, 1.0,
2.5 or 4.0 ppm B on the growth and yield of tomato in Turkey under field

conditions. The irrigation water with 1.0 ppm B was suitable for onion based on
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plant height, number of branches, stem radius, number of fruits, fruit yield,
maturity, radius of fruit and fruit weight. Higher concentrations of B significantly

reduced the evaluated parameters.

Piexoto et al. (1996) conducted an experiment in Brazil and found that dry matter,
yield and average tuber weight increased linearly with increasing rate of N, P, and

K. B had no significant effect on yield of potato tubers.

Efkar et al. (1995) conducted an experiment to investigate the responses of potato
cv. Desiree to the application of boron fertilizer in Pakistan using 4 levels of boron
(0, 1, 1.5, and 2 kg B ha™). The crop also received a basal dressing of NPK
fertilizers and FYM (5 t ha). They concluded that generally all the fertilizer
treatments increased yield over control. Application of 1.5 kg B ha” gave the

highest tuber yield of 10.9 t ha” compared with the control yield of 7.8 t ha™.

Gunes et al. (1999) carried out a greenhouse experiment involving 4 levels of
boron (0, 5, 10 and 20 mg) and 3 levels of zinc (0, 10 and 20 mg) were conducted
on tomato cv. Lale. Boron toxicity symptoms occurred at 10-20 mg B. These
symptoms were partially alleviated in plants grown with applied Zn. Fresh and dry
plant weights were strongly depressed by applied B. However, Zn treatments
reduced the inhibitory effect of B on growth. Increased levels of B increased the
concentrations of B in plant tissues to a greater extent in the absence of applied

Zn. Both Zn and B treatments increased Zn concentration of the plants.

Sahota and Grewal (1982) concluded that application of Zn and B significantly
increased the tuber yields with NPK fertilizers on acidic brown hill soils at

Shillong, India.
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Kiryukhin and Bezzubtseva (1980) evaluated the responses of potatoes to
application of zinc and boron with NPK fertilizers on derho-podzolic soil in
Moscow region. It was found that zinc and boron increased 9-12.9 % and 5-13 %
average tuber yields, respectively over control. It was also found that Zn and B

increased dry matter and starch, protein and ascorbic acid contents of tubers.

2.2 Effect of GA; on the growth, yield and quality of tomato

Gibberellic acid (GAj) is a naturally occurring plant hormone that affects cell
enlargement and division which leads to internodes elongation in stems. They
have a dwarf reversing response e.g. it allows certain dwarf cultivars to grow to
normal height when treated with GA;. It also affect many developmental
processes, particularly those controlled by temperature and light such as seed and
plant dormancy, germination, seed stalk and fruit development are controlled by

GA;.

Shittu and Adeleke (1999) investigated the effects of foliar application of GA; (0,
10, 250 or 500 ppm) on growth and development of tomatoes cv, 158-3 grown on
pots. Plant height and number of leaves were significantly enhanced by GA;
treatment. Plants treated With GA; with 250 ppm were the tallest plant with the

highest number of leaves.

Tomar and Ramgiry (1997) studied that tomato plant treated with GA; showed

significantly greater number of branches plant™ than untreated controls.

Sanyal et al.(1995) observed that the effects of plant growth regulators (IAA or
NAA at 15, 25 or 50 ppm or GA; at 50, 75 or 100 ppm) and methods of plant

growth regulator application on the quality of tomato fruits. Plant growth
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regulators had profound effects on fruit length, weight and sugar : acid ratio. The
effects of foliar application of plant growth regulators were more profound than

presoaking alone.

Alam (2007) observe that application of Miyobi had tremendous effect on growth
and development of lentil. The rate of increase of dry matter/unit time/unit land
area is the CGR. Maola (2005) reported that seed yield was strongly correlated

with crop growth rate.

Hathout et al. (1993) found that application of 10 ppm IAA as foliar sprays or to
the growing media of tomato plants had a stimulatory effect on plant growth,
development and fruit which was accompanied by increases in endogenous auxin,
gibberellins and cytokinin contents. However, IAA at 80 ppm had an inhibitory
effect on plant growth and development, which was accompanied by increase in
the level and activity of indigenous inhibitors and by low levels of auxins,

cytokines and gibberellins.

EI- Habbasha et al. (1999) carried out a field experiment with tomato cv. Castel
rock over two growing seasons (1993-94). The effects of GA; and 4-CPA on fruit
yield and quality were investigated. Many of the treatments significantly increased
fruit set percentage and total fruit yield, but also the percentages of puffy and

parthenocarpic fruits compared to the controls.

Gulnaz et al. (1999) reported that seeds of wheat treated with 10 ppm of GA;
resulted in 36-43 % increase in dry weight at 13.11dSm™. The growth regulators
(GA; at 10 M) increased total dry matter. Application of 10° M GA; on mustard
at 40 or 60 days after sowing significantly increased total dry matter (Khan et al.,

1998).
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Total dry matter of a crop is the output of net photosynthesis Patel and Saxena
(1994) reported that presoaking of seed of gram in varying concentrations of GA;
showed the best results on dry weights. Application of GA; at 50 and 100 ppm in
french bean increased leaf number over control (Gabal et al. 1999). The increased
leaf number could intercept most of the incident radiation and result in higher dry

matter production in faba bean (Takano etz. al (1995).

Lilov and Donchev (1984) observed that by the application of GA; at 20, 40 or

100 mg L™ the yields were reduced compared with the non-treated control.

Leonard et al. (1983) reported that inflorescence development in tomato plants
grown under low light regimes was promoted by GAj; application directly on the

inflorescence.

Saleh and Abdul (1980) performed an experiment with GA; (25 or 50 ppm)
applied 3 times in June or early July. They observed that GA; stimulated plant
growth of tomato. The substance reduced the total number of flowers per plant but
increased the total yield compared with the control. GA; also improved fruit

quality.

Chern et al. (1983) presented that one month old transplanted tomato plants were
sprayed with 1, 10 or 100 ppm GAj; and observed that GA; at 100 ppm increased
leaf area, plant height and stem fresh and dry weight but 10 ppm inhibited growth.

Wu et al. (1983) sprayed one-month old transplanted tomato plants with GAj; at 1,
10 or 100 ppm and reported that GA; 100 ppm increased plant height and leaf

arca.
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Briant (1974) sprayed GA; on the growth of leaves of young tomato plants and

observed that total leaf weight and area were increased by GA;.

Bora and Selman (1969) working with tomato demonstrated that four foliar sprays
of GA; (0, 5, 50 or 500 ppm) applied at 7, 17, 27 and 37 DAT increased the leaf
area, weight and height of tomato plants. The best treatment was 5 ppm GA; at 27

days after transplanting.

Jansen (1970) reported that tomato plants treated with GA; neither increased the
yield nor accelerated fruit ripening. He also mentioned that increasing

concentration of GA; reduced both the number and size of fruits.

Mehta and Mathi (1975) reported that GA; application at 25 ppm improved the

yield of tomato. GA; produced earlier fruit setting and maturity.

Hossain (1974) investigated the effect of GA; along with 4-CPA on the production
of tomato. He found that GA; applied with 50, 100 and 200 ppm produced an
increased fruit set. However, GA; treatment induced small size fruit production. A

gradual increase in the yield/plant was obtained with higher concentration of GAj;.

Sawhney and Greyson (1972) reported that application of GA; non flowering
plants of tomato induced multilocular, multicarpellary ovaries which were larger
at anthesis than control upon pollination produced fruits which were significantly

larger with higher fresh weight.

15



Adlakha and Verma (1964) observed that when the first four clusters of tomato
plants were sprayed three times at unspecified intervals with GA; at 50 and 100

ppm, the fruit setting increased by 5 % with higher concentration.

Kaushik er al. (1974) in an experiment applied GA; at 1, 10 or 100 mg L™ on
tomato plants at two leaf stage and then at weekly interval until 5 leaf stage. They
found that GA; increased the number and weight of fruits per plant at the highest

concentration.

Choudhury and Faruque (1972) indicated that the percentage of seedless fruit
increased with the increase in GAj; concentration from 50 ppm to 100 ppm.

However the fruit weight was found to decrease by GA;.

Gustafson (1960) spraying of GA;on tomato flower and flower buds of the first
three clusters (35 and 70 ppm) and established that GA; improved fruit set but

reduced fruit weight of tomato.

Rapport (1960) proved that GA; had no significant effect on fruit weight and size
either at cool (11°C) or warm (23°C) night temperatures; but it strikingly waned

fruit size at an optimum temperature (17°C).
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Chapter 111
MATERIALS AND METHODS

The details of the materials and methods of this research work were described
in this chapter. It consists of a short description of experimental site, climate and
weather, experimental design, layout, materials used for experiment, raising of
seedling, treatments, land preparation, manuring and fertilizing, transplantation of
seedlings, intercultural operations, harvesting, collection of data and statistical

analysis which are given below:

3.1 Experimental site

The experiment was conducted at the research farm of Sher-e-Bangla Agricultural
University, Sher-e-Bangla Nagar, and Dhaka 1207. The location of the site was
23°74' N latitude and 90°35’ E longitude with an elevation of 8.2 meter from sea

level.

3.2 Experimental period

The experiment was carried out during the Rabi season from November 2015 to
March 2016. Seedlings were sown on 05 November, 2015 and were harvested up

to 10 March, 2016.

3.3 Soil type

The experimental site was situated in the subtropical zone. The soil of the
experimental site lies in agro-ecological regions of “Madhupur Tract” (AEZ No.
28). Its top soil is clay loam in texture and olive grey with common fine to
medium distinct dark yellowish brown mottles. The pH 4.47 to 5.63 and organic

carbon contents is 0.8
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3.4 Weather

The monthly mean of daily maximum, minimum and average temperature, relative
humidity, monthly total rainfall and sunshine hours received at the experimental
site during the period of the study have been collected from Bangladesh
Meteorological Department, Agargaon, Dhaka 1207 (Appendix II).

3.5 Materials used for experiment

The tomato, variety BARI Tomato-14 was used for the experiment. Seeds were

collected from Bangladesh Agricultural Research Institute, Joydevpur, Gazipur.

3.6 Raising of seedling

Tomato seedlings were raised in two seed beds of 2m x Im size. The soil was well
prepared and converted into loose friable condition in obtaining good tilth. All
weeds, stubbles and dead roots were removed. Twenty grams of seeds were sown
in each seedbed. The seeds were sown in the seedbed on 15 October,
2015. Seeds were then covered with finished light soil and shading was provided
by bamboo mat (chatai) to protect young seedlings from scorching sunshine and
rainfall. Light watering, weeding and mulching were done as and when necessary

to provide seedlings with a good condition for growth.
3.7 Treatments

The two factor experiment consisted of three levels of boron (Factor A) and four

levels of Gibberellic acid (Factor B). The factors were as follows:
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Factor A: levels of Boron Factor B: levels of GA;

B, =0kgha™ Gy =0 ppm

B, =0.8 kgha G; =50 ppm

B, =1kgha G, =100 ppm
G; =150 ppm

There were all together 12 treatments combination used in each block and were as
follows: BoGo , BoGi , BoGz , BoGs , BiGy , B1Gy , BiGy , B1Gs, BoGy , BoGy
ByGs , B,Gs

3.8 Experimental design and layout

Field layout was done after final land preparation. The experiment was laid out in
a Randomized Complete Block Design (RCBD) with three replications. The whole
plot was divided into three blocks each containing twelve (12) plots of 2m x 1.8m
size, giving 36 unit plots. The space was kept 0.5 m between the blocks and 0.5m
between the plots were kept. The distance between row to row and plant to plant
was 60 cm and 50 cm, respectively. The layout of the experiment is shown in

Figure-1.
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3.9 Land preparation

The experimental field was thoroughly ploughed and cross ploughed and cleaned
prior to seed sowing and application of fertilizers and manure were done in the
field. The experimental field was prepared by thorough ploughing followed by
laddering to have a good tilth. Finally the land was properly leveled before

transplanting. Then plots were prepared as per the design.

3.10 Application of manure and fertilizers

The sources of N, P,Os, K,O as urea, TSP and MP were applied, respectively. The
entire amounts of TSP and MP were applied during the final land preparation.
Urea was applied in three equal installments at 25, 35 and 45 days after seedling
transplanting (DAT). Well-rotten cowdung 10 t ha also applied during final land

preparation.

Tablel. Fertilizer and manure applied for the experimental field preparation.

Manure and fertilizers were used as recommended by BARI (2005).

Manure / Application (%)
Rate/ha
Fertilizers Basal 25 DAT 35 DAT 45 DAT
Cow dung 20 ton 100 - - -
Urea 100kg - 33.33 33.33 33.33
TSP 200 kg 100 - - -
MP 220 kg 100 - - -
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3.11 Preparation and application of GA;

The stock solution of 1000 ppm of GA; with small amount of ethanol to dilute and
then mixed in 1 litre of water turn as per requirement of 50 ppm, 100 ppm and 150
ppm solution of GA;. 50, 100 and 150 ml of stock solution were mixed with 1 litre

of water.
3.12 Transplanting of seedlings

Healthy and uniform 20 days old seedlings were uprooted separately from the seed
bed and were transplanted in the experimental plots in the afternoon of 05
November, 2015 maintaining a spacing of 60 cm x 50 cm between the rows and
plants respectively. This allowed an accommodation of 12 plants in each plot. The
seedbed was watered before uprooting the seedlings from the seedbed so as to
minimize damage of the roots. The seedlings were watered after transplanting.
Seedlings were also planted around the border area of the experimental plots for

gap filling.

3.13 Gap filling

Gap filling was done as and when needed.

3.14 Intercultural operation

After transplanting of seedlings, various intercultural operations such as irrigation,
weeding, staking and top dressing etc. were accomplished for better growth and

development of the tomato seedlings.

3.14.1 Irrigation and drainage

Over-head irrigation was provided with a watering cane to the plots once

immediately after transplanting seedlings in every alternate day in the evening up
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to seedling establishment. Further irrigation was provided when needed. Excess

water was effectively drained out at the time of heavy rain.

3.14.2 Staking

When the plants were well established, staking was given to each plant by bamboo

sticks to keep them erect.

3.14.3 Weeding

Weeding was done to keep the plots clean and easy aeration of soil which
ultimately ensured better growth and development. The newly emerged weeds
were uprooted carefully. Mulching for breaking the crust of the soil was done

when needed.

3.14.4 Control of pest and disease

Malathion 57 EC was applied @ 2 ml L™ against the insect pests like cut worm,
leaf hopper, fruit borer and others. The insecticide application was made
fortnightly for a week after transplanting to a week before first harvesting.
Furadan 10 G was also applied during final land preparation as soil insecticide.
During foggy weather precautionary measured against disease infection of tomato
was taken by spraying Dithane M-45 fortnightly @ 2 g L™, at the early vegetative
stage. Ridomil gold was also applied @ 2 g L' against blight disease of tomato.

3.15 Harvesting

Fruits were harvested at 5 days intervals during maturity to ripening stage. The
maturity of the crop was determined on the basis of red colouring of fruits.

Harvesting was started from 20 February, 2016 and completed by 10 March, 2016.
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3.16 Collection of data

Five plants were selected randomly from each unit plot for data collection in such
a way that the border effect could be avoided at the highest precision. Data on the
following parameters were recorded from the sample plants during the course of

experiment.

3.16.1 Plant height

Plant height was measured from the sample plants in centimeter from the ground
level to the tip of the longest stem and means value was calculated. Plant height

was recorded 20, 40 and 60 days after planting to observe the growth rate.

3.16.2 Number of leaves

Number of leaves was measured from the sample plants and recorded from 20, 40

and 60 days of planting to observe the growth rate of the plants.

3.16.3 Number of flower clusters per plant

The number of flower clusters was counted from the sample plants periodically

and the average number of flower clusters produced per plant was calculated.

3.16.4 Number of flowers per cluster
The number of flowers per cluster was calculated as follows:

Total number of flowers in sample
Number of flower per cluster =  =======mmmmm e
Total number of flowers clusters in sample plants
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3.16.5 Number of fruits per cluster

The number of flowers per cluster was calculated as follows:

Total number of fruits in sample
Number of fruits per cluster =  ==-=====mm=mmmm e --
Total number of fruit clusters in sample plants

3.16.6 Number of fruits per plant
The number of fruits was recorded from the sample plants, and the average

number of fruit clusters produced per plant was recorded.

3.16.7 Fruit weight per plant (kg)

Fresh fruit weight (kg) of plant was taken by an electric balance after harvest and

was recorded.

3.16.8 Fruit weight per plot (Kg)

A electric balance was used to take the fruit weight per plot. It was measured by
totaling of fruit yield from each unit plot during the period from first to final

harvest and was recorded in kilogram.

3.16.9 Fruit yield per hectare

It was measured by the following formula:

Fruit yield per plot (kg) x 10000m’

Fruit Yield per hectare (t0n) = -----==mmmmmmm oo
Area of plot in square meter (m?) x 1 000kg
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3.16.10 Measurement of Total Soluble Sugar (TSS %)
One drop ripens tomato juice was used to take the TSS % reading in a digital brix

meter (ATOGA, Japan). Reading from brix meter recorded in percentage.

3.16.11 Measurement of p- carotene

At first 15-20g flesh of ripen tomato was taken and crushed by mortar and pastel.
Then 5g paste was taken in a plastic container having airtight lid. There after 50ml
mixture (Acetone : n-Hexane = 2:3) was poured in the container by a measuring
cylinder and the container was placed in a vertical shaker for 10 minutes. Then the
solution was centrifuged at 5000-6000 rpm. After centrifuge, the supernatant
(clear transparent) was taken in a glass vial. Then spectrophotometer reading was
recorded at four different nanometer length viz. 663 nm, 645 nm, 505 nm and

453nm. Finally, B- carotene was calculated by the following formula:

B- carotene (mg)= 0.216 (reading of 664 nm) + 0.452 (reading of 453 nm)-1.22
(reading of 645 nm)-0.304(reading of 505 nm)

3.16.12 Measurement of Vitamin C
Vitamin C content of green and dry fruits was determined by 2, 6- dichlorophenol
indophenols visual titration method. The following reagents were used for the

estimation of vitamin C contains.

3.16.12.1 Reagents

i. 3 % Metaphosphoric acid (HPQs): Is was prepared by dissolving 30 g of
HPO; and 80 ml glacial acetic acid in distilled water and volumes made up
to one liter.

ii. Standard ascorbic acid solution: 10 % of L- ascorbic acid solvent was

made by dissolving ascorbic acid in 3 metaphosphoric acid solution.

26



iii. Dry solution: It was prepared by dissolving 260 mg of sodium salt of 2, 6-

dicholophenol indophenols in one liter of distilled water.

3.16.12.2 Procedure
Standardization of dye solution:

Dilute 5 ml of standard ascorbic acid solution with 5 ml of Meta phosphoric acid.
A micro burette was loaded with dye solution and the mixed solution was titrated
with dye solution using phenolphthalein as indicator to a the pink colored end
point which insisted for at least 15 sec. Dye factor was enumerated using the
following formula:

0.5
Dye factor = ------------
Titre

3.16.12.3 Preparation of sample

Five grams of fresh ripen fruit was taken in a 100 ml beaker with 50 ml 3 %
metaphosphoric acid and then it was transferred to blender and homogenized with
same concentration of metaphosphoric acid. First blending then it was filtered and
centrifuged at 2000 rpm for 5 minutes. The homogenized liquid was transferred to
a 100 ml volumetric flask and was made up to the mark with 3 % metaphosphoric
acid.

Titration:

Five ml of the aliquot was taken in conical flask and titrated with 2, 6-
dicholophenol indophenols dye, phenolphthalein was used as indicator to a ping
colored end point, which persisted at least 15 seconds. The ascorbic acid content

(Vitamin C) of the sample was calculated by using the following formula:

TxdxV,
Ascorbic acid (mg/100g) = --------------- x 100
Vz x W
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Where,

T = Titre value (ml)

D = Dye factor

V, = Volume to be made (ml)

V, = Volume of extract taken for titration (ml)
W = Weight of sample taken for estimation (gm)

3.17 Analysis of data

Data statistically analyzed by randomized complete block design through
MSTAT-C software and Duncan’s multiple range tests was used to analyze the
growth, yield and quality characters of tomato to find out the statistical
significance. The significance of the difference was evaluated by Duncan’s
Multiple Range Test (DMRT) according to Gomez and Gomez, (1984) for
interpretation of the results at 5% level of probability.
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Chapter 1V
RESULTS AND DISCUSSIONS

This chapter comprises the presentation and discussion of the results obtained
from the effect of Boron and Gibberellic acid (GAjz) on the growth, yield and
quality of tomato. The effects due to different doses of Boron (B) and Gibberellic
acid (GA;) and their interaction on the growth, yield and yield contributing
characters have been presented in tables 2-13 and figures 2-4. Relationship
between parameters also presented figure 5-13. Results of the different parameters
studied in this experiment have been presented and discussed under the following

headings.

4.1 Effect of B and GA; on growth and yield of tomato
4.1.1 Plant height

Plant height of tomato varied significantly due to the application of different levels
of boron at 20, 40, and 60 DAT (Table 2). At 20 DAT, the highest plant height
was found in B; (13.02 cm) which were statistically different from all other
treatments, while the lowest plant height was found in B, (10.28 cm). At 40 DAT,
the highest plant height was found in B; (61.97 cm) which were statistically
different from all other treatments, while the lowest plant height was found in B,
(54.45 cm) At 60 DAT, the highest plant height was found in B; (96.40 cm) which
were statistically different from all other treatments, while the lowest plant height
was found in B, (90.80 cm). At 20 DAT, B, showed the lowest plant height due to
boron toxicity at younger stage of tomato which is supported by the findings of
Singh and Tiwari (2013). Hatwar et al. (2003) also supported that application of

boron has been increased plant height of tomato.
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Plant height of tomato varied significantly due to the application of different levels
of gibberellic acid (GA;) at 20, 40, and 60 DAT (Table 3). At 20 DAT, the highest
plant height was found in G, (12.94 cm) which was statistically different from all
other treatments, while the lowest plant height was found in G;(10.91 cm) which
was statistically similar with Gy (11.19 cm). At 40 DAT, the highest plant height
was found in G, (61.97 cm) which was statistically different from all other
treatments, while the lowest plant height was found in G3(56.20 cm). At 60 DAT,
the highest plant height was found in G, (98.83 cm) which was statistically
different from all other treatments, while the lowest plant height was found in G
(92.99 cm). The present finding also agreed to the result of Rai ez al. (2006) and
Nibhavanti et al. (2006). They observed that GA; increased plant height at 25 and
50 ppm. Wu et al. (1983) reported that 100 ppm GAj; increased maximum plant
height.

Combine effect of boron and gibberellic acid (GAjz) showed statistically
significant variation on plant height at 20, 40, and 60 DAT (Table 4). The highest
plant height at 20 DAT was found in case of B;G;, (15.33 cm) which was
statistically different from all other treatments and was followed by B;G; (14.00
cm), ByG; (13.43 cm), while lowest plant height at 20 DAT was found in case of
B,G3 (8.767 cm). The highest plant height at 40 DAT was found in case of B|G,
(69.27 cm) which was statistically different from all other treatments and was
followed by B|G; (62.23 cm), ByG; (61.10 cm), B;G, (60.17 cm), while the lowest
plant height at 40 DAT was found in case of B,G; (51.30 cm) which was followed
by B,Gy (54.37 cm), B,G, (55.17 cm), B1G3 (56.20 cm). The highest plant height at
60 DAT was found in case of B|G, (105.3 cm) which was statistically different
from all other treatments, while the lowest plant height at 60 DAT was found in
case of B,G3 (87.6 cm) and was followed by BGy (88.4 cm), BoG; (90.13 cm),
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BoG; (90.8 cm). El-Mahdy (2007) expressed that the highest plant height was
observed in the combined application of H;BO; (350 ppm) + GA; (350 ppm).

Table 2. Effect of boron (B) on growth attributes of tomato

Plant height (cm) No. of leaves per plant
Treatment
20 DAT | 40 DAT 60 DAT | 20 DAT | 40 DAT 60 DAT
By 12.12 b 59.61b 90.80 c 4.667 b 12.17b 30.08 b
B, 13.02 a 61.97 a 97.74 a 7.083 a 15.17 a 3458 a
B, 10.28 ¢ 5445 ¢ 96.40 b 4.750 b 1092 c 3092 b
Lsdo o5 0.3429 4284 0.5301 1.074 1.215 2.030
CV (%) 1.72 43 33 11.52 5.63 3.76

In a column having similar letter (s) are statistically identical and those having dissimilar
letter (s) differ significantly as per 0.05 level of probability

By=0kg ha',B,=0.8 kg ha', B,=1 kg ha™

DAT= Days after transplanting

Table 3. Effect of gibberellic acid (GA3) on growth attributes of tomato

Treatment Plant height (cm) No. of leaves per plant
20 DAT | 40 DAT | 60 DAT | 20 DAT 40 DAT 60 DAT
Go 11.19¢ | 57.68¢c | 92.99¢c 4.889b 12.78 ab 31.00 b
G 12.18b | 58.86b | 94.26b | 5.444 ab 12.89 ab 31.78 b
G, 1294a | 61.97a | 98.83a 6.111a 13.56 a 33.00 a
G 1091c | 56.20d | 93.84b | 5.556ab 11.78 b 31.67b
Lsdo.0s 0.3429 0.4284 0.5301 1.074 1.215 1.030
CV (%) 1.72 43 33 11.52 5.63 3.76
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In a column having similar letter (s) are statistically identical and those having dissimilar

letter (s) differ significantly as per 0.05 level of probability
Go= 0 ppm, G; =50 ppm, G, = 100 ppm, G3 =150 ppm
DAT= Days after transplanting

Table 4. Combined effect of boron (B) and gibberellic acid (GA;) on growth

attributes of tomato

Treatment Plant height (cm) No. of leaves per plant
20 DAT | 40 DAT | 60 DAT | 20DAT 40 DAT 60 DAT
BoGo 11.10f | 58.50¢g 88.40 j 3333 ¢ 10.33 f 28.00 h
BoG1 11.63 ¢ 59.17f | 90.131 4333 fg 11.33 f 29.00 gh
BoG2 1230d | 59.67¢ | 90.80h | 5.333def | 13.00de | 31.00 efg
BoGs 1343¢c | 61.10c | 93.87e | 5.667cde | 14.00cd | 32.33 bede
B:Go 12.20d | 60.17d | 9230g | 6.333 bed 14.67 c 33.67 be
B:G, 14.00b | 62.23b | 93.27f 7.000 b 16.00 b 3433b
B:G; 1533a | 69.27a 1053 a 8333 a 17.33 a 37.00 a
BiGs 10.53 g 56.201 100.1 b 6.667 bc 12.67 ¢ 33.33 bed
B,Go 10.27g | 5437k | 98.27d 5.000 ef 13.33 de | 31.33 def
B,G 1090 f | 55.17; 99.37 ¢ 5.000 ef 11.33 f 32.00 cde
B,G; 11.20f | 56.97h | 100.4b 4.667 ef 10.33 f 31.00 efg
B,Gs 8.767 h 51.301 87.60 k 4333 fg 8.667 g 29.33 fgh
Lsdo o5 0.3429 0.4284 0.5301 1.074 1.215 2.030
CV (%) 1.72 43 33 11.52 5.63 3.76

In a column having similar letter (s) are statistically identical and those having dissimilar

letter (s) differ significantly as per 0.05 level of probability

32



By=0kg ha', B, =0.8 kg ha', B,=1 kg ha™
Gy =0 ppm, G; =50 ppm, G, = 100 ppm, G; = 150 ppm
DAT= Days after transplanting

4.1.2 Number of leaves per plant

The effect of different levels of boron in respect of number of leaves per plant was
significant at 20, 40, and 60 DAT (Table 2). At 20 DAT the maximum number of
leaves per plant was found in B, (7.083) which were statistically different from all
other treatments, while the minimum number of leaves per plant was found in By
(4.667) which was statistically similar with B, (4.750). At 40 DAT, the maximum
number of leaves per plant was found in B; (15.17) which were statistically
different from all other treatments, while the minimum number of leaves per plant
was found in B, (10.92) At 60 DAT, the maximum number of leaves per plant was
found in B, (34.58) which were statistically different from all other treatments,
while the minimum number of leaves per plant was found in B, (30.08), which is
statistically similar with B, (30.92). Harris and Mathuma (2015) found that

maximum number of leaves per plant by the application of boron at 60 DAT.

Number of leaves per plant varied significantly due to the application of different
level of GA5 at 20, 40, and 60 DAT (Table 3). At 20 DAT, the maximum number
of leaves per plant was found in G, (6.111) which was statistically similar with G
(5.556) and G (5.444), while the minimum number of leaves per plant was found
in Gy (4.889) which was statistically similar with G, (5.444) and G5 (5.556). At 40
DAT, the maximum number of leaves per plant was found in G, (13.56) which
was statistically similar with G; (12.89) and G, (12.78), while the minimum
number of leaves per plant was found in G; (11.78) which was statistically similar

with Gg (12.78) and G, (12.89). At 60 DAT, the maximum number of leaves per
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plant was found in G, (33.00) which were statistically different from all other
treatments, while the minimum number of leaves per plant was found in G (31.00)
which was statistically similar with G; (31.67) and G, (31.78). The result also
supported to the finding of Rai et al. (2006) and Nibhavanti et al. (2006) observed
that GA; increased the number of leaves per plant at 25 and 50 ppm which is
support the present study.

Combined effect of boron and GA; showed statistically significant variation for
number of leaves per plant at 20, 40, and 60 DAT (Table 4). At 20 DAT, the
maximum number of leaves per plant was found in B;G, (8.333) which was
statistically different from all other treatments, and was followed by B,G; (7.00),
B1G3(6.667), B;G((6.333). On the other hand, the minimum number of leaves per
plant was found in ByGy (3.333), which is statistically similar with ByG; (4.333)
and B,G; (4.333). At 40 DAT, the maximum number of leaves per plant was
found in B;G, (17.33) which was statistically different from all other treatments,
and was followed by B;G; (16.00), B;G, (14.67), BoG; (14.00). On the other hand,
the minimum number of leaves per plant was found in B,G; (8.667) which were
statistically different from all other treatments. At 60 DAT, the maximum number
of leaves per plant was found in B G, (37.00) which was statistically different
from all other treatments, and was followed by B,G, (34.33), B1G, (33.67), B,G;
(32.00), B,Gg(31.33). On the other hand, the minimum number of leaves per plant
was found in ByGy (28.00) which was statistically similar with ByG; (29.00), B,G3;
(29.33). Shakir et al. (2014) obtained higher number of leaves in tomato at the
concentration of combined application of GA; (1250 ppm) + B (1250 ppm),
which was FEight times higher than the concentration used in this
experiment B (150 ppm) + GA; (150 ppm). Singh and Tiwari, (2013) found that
number of leaves increased due to the foliar application of GA;(12.5 ppm) and B

(12.5 ppm) which is supported to the present study.
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4.1.3 Number of flower clusters per plant

There was significant effect of different doses of boron on the number of flower
clusters per plant (Table 5). The maximum number of flower clusters per plant
was found in B, (12.33) which was statistically different from all other treatments,
while the minimum number of flower clusters per plant was found in By (8.25)
which was statistically similar with B, (9.00) Ullah et al. (2015) founds that, the
highest number of flowers cluster per plant (27.55) was noted in plants with 0.15
% boron, followed by (24.80) and (21.81) in plants of 0.1 % and 0.05 % B,

respectively.

Statistically significant variation was found in number of flower clusters per plant
in different doses of GA; (Table 6). The maximum number of flower clusters per
plant was found in G, (10.44) which was statistically similar with G; (10.00), G,
(9.667) while the minimum number of flower clusters per plant was found in Gj;
(9.333). Flower primodia was promoted by GA; with increase number of flower

cluster per plant which is found by Onofeghara (1983).

Interaction effect of boron and GA; on the number of flower clusters per plant was
significant (Table 7). The maximum number of flower clusters per plant was
found in BG; (13.67) which was statistically similar with B;G; (12.33), B;G;,
(12.00) and was followed by B;G, (11.33), B,G, (11.00), B,G; (10.67), ByG3;
(10.33). The minimum number of flower clusters per plant was found in B,G;
(5.333) which was statistically similar with ByGy (6.667), ByG; (7.333) and was
followed by ByG; (8.667), B,G; (9.00), BoGs (10.33), B,G; (10.67) B,G, (11.00).
Number of flower clusters per plant increased by application of boron was

reported by Basavarajeswari et al., 2008 and of GA; by Kiran et al., 2010.
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Table 5. Effect of boron (B) on yield contributing characters of tomato

Flower
Flowers per Fruit per Fruit per
Treatment clusters per
cluster cluster plant
plant

By 8.250b 6.333 b 4917 a 37.25b

B, 1233 a 8.750 a 5.667 a 59.08 a

B 9.000 b 7.250b 5.000 a 40.33b
Lsdo o5 2.139 1.176 1.038 5.876
CV (%) 12.81 9.33 11.81 7.62

In a column having similar letter (s) are statistically identical and those having dissimilar
letter (s) differ significantly as per 0.05 level of probability
By=0kg ha', B, =0.8 kg ha',B,=1 kg ha™

4.1.4 Number of flowers per cluster

Effect of different doses of boron on number of flowers per cluster was significant
(Table 5). The maximum number of flowers per cluster was found in B, (8.75)
which was statistically different from all other treatments, while the minimum
number of flowers per clusters was found in B (6.333) which were statistically
similar with B, (7.250). Haque et al. (1999) revealed that maximum number of
flower cluster 5.59 and 5.36 in plants sprayed with B @ 0.1 % and 0.15 %,

whereas the least number of flowers cluster (4.63).

There were no significant variations in number of flowers per cluster in different
doses of GA; (Table 6). The maximum number of flowers per cluster was found in
G, (8.222) which were statistically similar with G3(7.333). The minimum number

of flowers per cluster was found in G, and G, (7.111) which were statistically
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similar. Application of GA; had increased the number of flower buds and open

flowers that reported by Paroussi et al. (2002).

Effect of different doses of boron and GAj; on the number of flowers per cluster
was significantly influenced (Table 7). The maximum number of flowers per
cluster was found in B|G, (10.67) which was statistically different from all other
treatments, and was followed by B;G; (9.333), B,Gy (8.667). The minimum
number of flowers per cluster was found in B,Gs (5.00) which was statistically
similar with ByG, (5.333), ByGy (5.667). The result is in agreement with the report
of Sujatha et al.(2002) and Karaguzel et al. (1999) who stated that the
number of flowers per cluster increased with combined application of growth

regulators and boron combination.

Table 6. Effect of gibberellic acid (GAj3) on yield contributing characters of

tomato
Flower cluster
Flower per Fruit per
Treatment per Fruit per plant
cluster cluster
plant

Go 9.667 a 7.111 a 4.889 a 41.22b

G, 10.00 a 7.111 a 5222 a 48.00 a

G, 10.44 a 8.222 a 5.778 a 51.67 a

G; 9.333b 7.333a 4.889 a 41.33Db
Lsdy o5 1.009 1.176 1.038 5.876
CV (%) 12.81 9.33 11.81 7.62

Gy =0 ppm, G; =50 ppm, G, = 100 ppm, G3 = 150 ppm

In a column having similar letter (s) are statistically identical and those having dissimilar

letter (s) differ significantly as per 0.05 level of probability.
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Table 7. Combined effect of boron (B) and gibberellic acid (GA;) on yield

contributing characters of tomato

Flower

Treatment clusters per Flowers per Fruit per Fruit per
cluster cluster plant
plant
BoGo 6.667 fg 5.667 fg 4.000 cd 2533 h
BoG1 7.333 efg 5333 ¢ 4.667 bed 3133 ¢
BoG2 8.667 def 6.667 ef 5.333b 42.00 f
BoG3 10.33 bed 7.667 cde 5.667 ab 50.33d
B1Go 11.33 be 7.000 de 5.000 be 43.33 ef
B\G, 12.00 ab 8.000 cd 5.667 ab 63.67b
BG; 13.67 a 10.67 a 6.667 a 70.67 a
BG; 12.33 ab 9.333b 5.333b 58.67 be
B>Gy 11.00 bed 8.667 bc 5.667 ab 55.00 cd
B.Gy 10.67 bed 8.000 cd 5.333b 49.00 de
B.Gy 9.000 cde 7.333 de 5.333b 4233 f
ByG3 5333 ¢ 5.000 g 3.667d 15.00 1
Lsdo o5 2.139 1.176 1.038 5.876
CV (%) 12.81 9.33 11.81 7.62

In a column having similar letter (s) are statistically identical and those having dissimilar

letter (s) differ significantly as per 0.05 level of probability

By=0kg ha',B,=0.8 kg ha, B,=1 kg ha™

Gy =0 ppm, G; =50 ppm, G, = 100 ppm, G3 = 150 ppm
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4.1.5 Number of fruits per cluster

Statistically no significant variations were found in number of fruits per cluster in
different doses of boron (Table 5) and GA; (Table 6). Smit et al. (2004) revealed
the same result in case of boron application in appropriate doses. Balraj and

Mahesh (2005) reported the same findings that support the result.

Significant interaction effect of different doses of boron and GA; were found on
the number of fruits per cluster (Table 7). The maximum number of fruits per
cluster was found in B|G, (6.667) which was statistically similar with B;G;
(5.667), B,Gy (5.667). On the other hand, the minimum number of fruits per
cluster was found in B,G; (3.667) which was statistically similar with BoG (4.00),
B1Gy (5.00). Tomar and Ramgiry (1997) found that plants treated with combined
application of B and GA; showed significantly greater number of fruits per cluster

than untreated controls.

4.1.6 Number of fruits per plant

Statistically significant variation was found in number of fruits per plant in
different doses of boron (Table 5). The highest number of fruits per plant was
recorded in B; (59.08) which were statistically different from all other treatments
while the lowest number of fruits per plant was found in By (37.25) which were
statistically similar with B, (40.33). Shnain et al. (2014) showed that application of
B at 150 and 100 ppm increased number of fruits per plant by 216% and 94.7%,

respectively.

39



The result showed that there was significant effect in different doses of GA; on the
number of fruits per plant (Table 6). The highest number of fruits per plant was
recorded in G, (51.67) which were statistically similar with G; (48.00) while the
lowest number of fruits per plant was found in G, (41.22) which were statistically
similar with G;(41.33). Maximum number fruit in 50 ppm (38.26) and minimum
was found in 0 ppm (17.25) was found by Adlakha and Verma (1964), Uddain et
al. (2009) and Mehta and Mathi (1975) which is support the present study.

Combined effect of different doses of boron and GAj; on the number of fruits per
plant was found to be statistically significant (Table 7). The highest number of
fruits per plant was recorded in B, G, (70.67) which was statistically different from
all other treatments, and was followed by B,G, (63.67), B;G; (58.67), B,G( (55.00)
and ByGs (50.33). The lowest number of fruits per plant was recorded in B,G;
(15.00) which was statistically different from all other treatments, and was
followed by BoGg(25.33), ByG; (31.33), BoG, (42.00), B,G; (42.33), B1G( (43.33).
Combined application of GAj3 and boron increased the number of fruits per plant

in tomato was reported by Yadav et al. (2001).

Table 8. Effect of boron (B) on yield and yield contributing characters of

tomato
Treatment Fruit wt per Fruit wt per Fruit yileld
plant (Kg) plot (Kg) (tha)
Bo 1.834 b 17.66 b 49.06 b
B, 2.391a 2491 a 69.20 a
B, 1.381 ¢ 12.44 ¢ 34.55¢
Lsdg.0s 0.2395 2.139 5.943
CV (%) 7.64 6.89 6.89
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In a column having similar letter (s) are statistically identical and those having dissimilar

letter (s) differ significantly as per 0.05 level of probability
By=0kg ha',B,=0.8 kg ha', B,=1 kg ha™

Table 9. Effect of gibberellic acid (GA;) on yield and yield contributing

characters of tomato

Treatment Fruit wt per plant Fruit wt per plot Fruit yileld

(Kg) (Kg) (tha™)

Go 1.798 b 17.86 ab 49.60 ab

Gy 1.898 ab 18.75 ab 52.09 ab

G 1.995a 19.67 a 54.63 a

G; 1.709 b 17.07b 4743 b
Lsdo o5 0.1095 2.139 5.943
CV (%) 7.64 6.89 6.89

In a column having similar letter (s) are statistically identical and those having dissimilar

letter (s) differ significantly as per 0.05 level of probability
Go= 0 ppm, G; =50 ppm, G,= 100 ppm, G; = 150 ppm

4.1.7 Weight of fruits per plant (kg)

It was noticed that different doses of boron exhibited significant effect on weight
of fruits per plant (Table 8). The highest weight of fruits per plant obtained from
B (2.391 kg) which was statistically different from all other treatments, while the
lowest weight of fruits per plant obtained from B, (1.381 kg) which was
statistically different from all other treatments, and was followed by B, (1.834 kg).
Bhatt et al. (2004) showed application of H;BO; at 150 and 100 ppm increased
weight of fruits by 88 % and 49 %, respectively.
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It was noticed that different doses of GA; exhibited significant effects on weight
of fruits per plant (Table 9). The maximum weight of fruits per plant obtained
from G, (1.995 kg) which was statistically similar with G; (1.898 kg), while the
minimum weight of fruits per plant obtained from G; (1.709 kg). Similar result was

found by Kaushik et al. (1974) and Uddain et al. (2009).

Statistically significant variation was recorded in combined effect of different
doses of boron and GAj; on weight of fruits per plant (Table 10). The highest
weight of fruits per plant was recorded in B|G, (2.570 kg) which was statistically
similar with B1G; (2.377 kg), B|Gy (2.370 kg). The lowest weight of fruits per
plant was recorded in B,G; (0.8367 kg) which was statistically different from all
other treatments, and was followed by B,G, (1.160 kg), BoG, (1.443 kg). Sindhu et
al. (1999) reported that foliar application of B and GAj; increase fruit weight
which is support the present study.

4.1.8 Weight of fruits per plot (kg)

Results showed that, different doses of boron exhibited significant variation on
weight of fruits per plot (Table 8). Maximum weight of fruits per plot was
recorded in B; (24.91 kg) which was statistically different from all other
treatments, while minimum weight of fruits per plot was recorded in B, (12.44 kg)

and was followed by B, (17.66 kg).

Statistically significant variation was recorded in effect of different doses of GA;
on weight of fruits per plot (Table 9). The highest weight of fruits per plot was
recorded in G, (19.67 kg) which was statistically similar with G, (18.75 kg), Gy
(17.86 kg). The lowest weight of fruits per plot was recorded in Gz (17.07 kg)
which was statistically different from all other treatments. Tomar and Ramgiry
(1997) found that plants treated with GA3 125 ppm showed significantly greater

yield per plot than untreated controls.
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There was significant combined effect of different doses of boron and GAj; on
weight of fruits per plot (Table 10). The highest weight of fruits per plot was
recorded in B;G, (28.25 kg) which was statistically similar with B,G; (26.15 kg),
and was followed by BGy (22.77 kg), B1G; (22.48 kg), BoG; (22.30 kg), BG;
(19.18 kg). The lowest weight of fruits per plot was recorded in B,G; (6.437 kg)
which was followed by B,G, (11.58 kg), BoGy (13.47 kg), B,G; (14.41kg).

Table 10. Combined effect of boron (B) and gibberellic acid (GA3) on yield

and yield contributing characters of tomato

Treatment Fruit wt per plant Fruit wt per plot Fruit yileld
(Kg) (Kg) (tha™)
BoGo 1.443 ¢ 13.47 ef 37.42 ef
BoGl1 1.747 cd 15.70 de 43.61 de
BoG2 1917 ¢ 19.18 ¢ 5327c¢
BoGs 2.230b 22.30b 61.95b
B1Gy 2.370 ab 22.77b 63.24 b
B:G; 2.377 ab 26.15a 72.64 a
B:G; 2.570 a 28.25a 78.46 a
B1G3 22470 22.48b 62.45b
B,Gy 1.927 ¢ 17.33 cd 48.13 cd
B,G; 1.600 de 1441 e 40.02 ¢
B,G; 1.160 f 11.58 f 32.18 f
B,G; 0.8367 g 6.437 g 17.88 g
Lsdo.o5 0.2395 2.139 5.943
CV (%) 7.64 6.89 6.89

In a column having similar letter (s) are statistically identical and those having dissimilar

letter (s) differ significantly as per 0.05 level of probability
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By=0kg ha', B, =0.8 kg ha'!, B,=1 kg ha!
Gy =0 ppm, G; =50 ppm, G, = 100 ppm, G3 = 150 ppm

4.1.9 Fruit yield per hectare

The variation in fruit yield per hectare was found to be significant due to the
application of different doses of boron (Table 8). The maximum fruit yield per
hectare was found in B; (69.20 t ha™) which was statistically different from all
other treatments and the lowest fruit yield per hectare was recorded in B, (34.55 t
ha™) (Fig. 1). Chaudhary (1979) reported application of 0.15 % B resulted in
increase yield to 23.33 t ha followed by 22.12 t ha™ in the plants received 0.1 %

B, while minimum (18.54 t ha™") was recorded in control plants.

The different GA; doses showed significant variation in fruit yield per hectare
(Table 9). The maximum fruit yield per hectare was found in G, (54.63 t ha™)
while the minimum number of fruit yield per hectare was found in G; (47.43 t ha™")
(Fig. 2). Hossain (1974) found a gradual increase in the yield per plant with higher
concentration (120 ppm) of GA;. Khan ef al. (1998) reported that irrespective of
its concentration, spray of gibberellic acid proved beneficial for the most

parameters.

The interaction effects of various doses of boron and GAj; fruit yield per hectare
were found to be statistically significant (Table 10). The maximum fruit yield per
hectare was recorded in B|G, (78.46 t ha'l) which was statistically similar with
B,G; (72.64 t/ha), and was followed by B,G, (63.24 t ha™'), B;G; (62.45 t ha™),
BoG; (61.95 t ha™), BoG, (53.27 t ha™). However, the lowest weight of fruits per
plot was recorded in B,Gj (17.88 t ha™) which was followed by B,G, (32.18 t ha™),
ByGy (37.42 tha™'), B,G, (40.02 t ha™) (Fig. 3).
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Fig. 2: Effect of boron (B) on the yield of tomato
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Fig. 3: Effect of Gibberellic acid (GA;) on the yield of tomato
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Fig. 4: Combination effect of boron (B) and gibberellic acid (GA;) on the yield

of tomato.

4.2 Effect of B and GA; on quality characters of tomato
4.2.1 Total Soluble Solids (TSS %)

There was significant variation among the different doses of boron in respect of
total soluble solids (Table 11). The highest total soluble solids were recorded in B,
(7.233 %) which was statistically different from all other treatments and that was
followed by By (7.042 %). Otherwise, the lowest total soluble solids were recorded
in B, (6.950 %). Yan et al. (2003) used boron was used @ 0, 0.3, 1, and 10 micro
mol L™ and the results revealed that boron free and 0.3 micro mol L treatments

showed higher soluble sugar content in stem.
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The different GA; doses showed significant variation in case of total soluble solids
(Table 12). The maximum total soluble solids were recorded in G, (7.389 %)
which was statistically different from all other treatments .On the other hand, the
minimum total soluble solids was recorded in G; (6.878 %) which was statistically
similar with G (6.967 %) and G, (7.067 %). Graham and Ballesteros (2006) found
that in tomato maximum TSS % (4.95) was in 50 ppm GA; and minimum TSS %
(3.80) in control (3.80).

Significant variation was recorded in combined effect of different doses of boron
and GA; on total soluble solids (Table 13). The maximum total soluble solids were
recorded in B;G, (7.60 %) which was statistically similar with ByG, (7.40 %). The
minimum total soluble solids were recorded in B,G; (6.533 %) which was
statistically similar with BoGy (6.467 %) and was followed by B,G; (6.833%),
BoG3(7.033 %), B1G3 (7.067 %). Shnain ef al. (2014) revealed that the maximum
of total soluble solids was recorded statistically significant in boron and zinc
application @ (1.25 g L™ B+ 1.25 g L' Zn) that is Ts, which was recorded (5.80)
%rix, followed by Ts @ (1.25 g L' B + 2.0 g L™ Zn) (5.73) %brix .The minimum

of total soluble solids ’brix. (5.00) was noticed with control.
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Table 11: Effect of boron (B) on quality contributing of tomato

p-Carotene Vitamin-C
Treatment TSS %
(mg per 100g) (mg per100g)

Bo 7.042 ab 0.2500 ¢ 74.04 ¢

B, 7.233 a 0.3150b 98.72 a

B 6.950 b 0.3167 a 84.94 b
Lsdg.0s 0.2395 0.0005355 5.524
CV (%) 1.98 2.64 3.80

In a column having similar letter (s) are statistically identical and those having dissimilar

letter (s) differ significantly as per 0.05 level of probability
By=0kg ha', B, =0.8 kg ha', B,=1 kg ha™

Table 12: Effect of gibberellic acid (GA;) on quality characters

of tomato
Treatment TSS % p-Carotene Vitamin-C
(mg per 100g) (mg per 100g)

Go 6.967 b 0.2689 ¢ 80.77 ¢
G 7.067 b 0.2944 b 87.18 ab
G 7.389 a 03178 a 9145a
Gs 6.878 b 0.2944 b 84.19 be

Lsdy.os 0.2395 0.0005355 5.524

CV (%) 1.98 2.64 3.80

In a column having similar letter (s) are statistically identical and those having dissimilar

letter (s) differ significantly as per 0.05 level of probability

Go=0 ppm, G; =50 ppm, G, = 100 ppm, G3 = 150 ppm




4.2.2 B-carotene content (mg per 100g)

Results showed that, different doses of boron exhibited significant variation on 3-
carotene content (Table 11). The maximum B-Carotene was obtained from B,
(0.3167 mg per 100g) which was statistically different from all other treatments
and that was followed by B; (0.3150 mg per 100g). The minimum p-carotene was
obtained from B, (0.2500 mg per 100g) which was statistically different from all
other treatments. Boron rate at 10 ppm increased the contents of: carotenoids 27-
31 %, protein 26-27 % and starch 7-8 % evidence showed by Griffiths and Lunec,
(2001).

It is observed that, different doses of GA; exhibited significant variation on [3-
Carotene content (Table 12). The highest B-carotene was recorded in G, (0.3178
mg per 100g) which was statistically different from all other treatments.
Otherwise, the lowest B-carotene was recorded in Gy (0.2689 mg per 100g). Ishiwu
et al. (2014) supported this finding.

Variation was occurred significantly in combined effect of different doses of
boron and GA; on B-carotene content (Table 13). The maximum B-carotene was
found in B;G, (0.3500 mg per 100g) which was statistically different from all
other treatments which was followed by B,G, (0.3467 mg per 100g), B;G; (0.3267
mg per 100g) B,G;(0.3233 mg per 100g). The minimum B-carotene was recorded
in ByGy (0.2333 mg per 100g) which was statistically different from all other
treatments which was followed by ByG; (0.2500 mg per 100g), BoG, (0.2567 mg
per 100g) ByG; (0.2600 mg per 100g).
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Table 13: Combined effect of boron (B) and gibberellic acid (GA;) on quality

characters of tomato

Treatment TSS % p-Carotene Vitamin-C
(mg per 100g) (mg per 100g)

BoGo 6.467 e 0.23331 66.66 g
BoG 7.267 be 0.2500 k 71.80 fg
BoG» 7.400 ab 0.2567 j 75.64 £
BoGs 7.033 cd 0.2600 i 82.05¢
B1Gy 7.167 be 0.2733 h 89.74 cd
B,G; 7.100 ¢ 0.3100 ¢ 96.15b
B.1G; 7.600 a 0.3500 a 111.5a
B1G; 7.067 cd 0.3267 ¢ 97.43b
B,Gy 7.267 be 0.3000 £ 85.90 de
B.G; 6.833 d 0.3233d 93.59 be
B,G» 7.167 be 0.3467 b 87.18 de
B,G; 6.533 ¢ 0.2967 g 73.08 £
Lsdo 05 0.2395 0.0005355 5.524

CV (%) 1.98 2.64 3.80

In a column having similar letter (s) are statistically identical and those having dissimilar
letter (s) differ significantly as per 0.05 level of probability

By=0kg ha', B, =0.8 kg ha'!, B,=1 kg ha™!

Gy =0 ppm, G; =50 ppm, G, = 100 ppm, G3 = 150 ppm
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4.2.3 Vitamin-C content (mg per 100g)

Statistically significant variation was recorded on Vitamin-C in ripened fruits due
to effect of different doses of boron (Table 11). The highest Vitamin-C was
obtained from B, (98.72 mg per 100g) which was statistically different from all
other treatments. The lowest Vitamin-C was obtained from B, (74.04 mg per

100g). Jyolsna et al. (2008) partially support this result.

It was noticed that different doses of GA; exhibited significant variation on
Vitamin-C in ripened fruits (Table 12). The maximum Vitamin-C was found in G,
(91.45 mg per 100g) which was statistically similar with G; (87.18 mg per 100g).
The minimum Vitamin-C was found in G, (80.77 mg per 100g).

Variation was occurred significantly in combined effect of different doses of
boron and GAj3 on Vitamin-C in ripened fruits (Table 13). The highest Vitamin-C
was recorded in B;G, (111.5 mg per 100g) which was statistically different from
all other treatments which was followed by B;G; (97.43 mg per 100g), B,G,
(96.15 mg per 100g), B,G; (93.59 mg per 100g). The lowest Vitamin-C was
recorded in ByGy (66.66 mg per 100g) which was statistically different from all
other treatments which was followed by BoG; (71.80 mg per 100g), B,G; (73.08
mg per 100g), BoG, (75.64 mg per 100g). Mallick and Muthukrishnan (1980) and
Dube et al. (2003) conformed that maximum increase in vitamin C content of
tomato fruits (25.27 mg per 100 g and (23.85 mg per 100 g) was recorded to the

application of zinc and boron respectively.
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4.3 Relationship between TSS % and B-Carotene (mg per 100 g) of fruits

Significant relationship was found between TSS % and B-Carotene (mg per 100 g)
when correlation was made between these two parameters in case of boron (Fig.
5). The highly significant (p<0.01), strong (R* = 0.082) and positive (slope=
0.047) correlation was found between TSS % and B-Carotene (mg per 100 g), i.e.
B-Carotene (mg per 100 g) of tomato increases with the increases of TSS % of

fruit.
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Fig. 5: Relationship between TSS and pB-Carotene of tomato in case
of boron

Due to gibberellic acid, significant relationship was found between TSS % and B-
Carotene (mg per 100 g) when correlation was made between these two
parameters (Fig. 6). The highly significant (p<0.01), strong (R* = 0.022) and
positive (slope= 0.066) correlation was found between TSS % and B-Carotene (mg
per 100 g), i.e. B-Carotene (mg per 100 g) of tomato increases with the increase of

TSS % of fruit.
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Fig. 6: Relationship between TSS and B-Carotene of tomato in case
of boron

In the combined effect of boron and gibberellic acid, significant relationship was
found between TSS % and B-Carotene (mg per 100 g) when correlation was made
between these two parameters (Fig. 7). The highly significant (p<0.01), strong (R’
= 0.091) and positive (slope = 0.035) correlation was found between TSS % and
B-Carotene (mg per 100 g), i.e. B-Carotene (mg per 100 g) of tomato increases

with the increases TSS % of fruit.
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Fig. 7: Relationship between TSS and B-Carotene of tomato in case
of boron and gibberellic acid

4.4 Relationship between TSS % and Vitamin-C (mg per 100 g) of fruits

Due to boron, significant relationship was found between TSS % and vitamin C
(mg per 100 g) when correlation was made between these two parameters (Fig. 8).
The highly significant (p<0.01), very strong (R*= - 0.75) and positive (slope =
60.78) correlation was found between TSS % and vitamin C (mg per 100 g), i.e.

vitamin C (mg per 100 g) of tomato increases with the increases TSS % of fruit.
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Fig. 8: Relationship between TSS and Vitamin C of tomato in case
of boron

Significant relationship was found between TSS % and vitamin C (mg per 100 g)
when correlation was made between these two parameters in case of gibberellic
acid (Fig. 9). The highly significant (p<0.01), very strong (R* = 0.279) and
positive (slope = 17.60) correlation was found between TSS % and vitamin C (mg
per 100 g), i.e. vitamin C (mg per 100 g) of tomato increases with the increases

TSS % of fruit.
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Fig. 9: Relationship between TSS and Vitamin C of tomato in case
of gibberellic acid

In the combined effect of boron and gibberellic acid, significant relationship was
found between TSS % and vitamin C (mg per 100 g) when correlation was made
between these two parameters in case of gibberellic acid (Fig. 10). The highly
significant (p<0.01), very strong (R> = 0.286) and positive (slope = 20.90)
correlation was found between TSS % and vitamin C (mg per 100 g), i.e. vitamin

C (mg per 100 g) of tomato increases with the increases TSS % of fruit.
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Chapter V
SUMMARY AND CONCLUSION

A field experiment was conducted at the Research farm of Sher-e-Bangla Agricultural
University, Dhaka, during the Rabi season from November 2015 to March 2016 to study
the effects of boron and gibberellic acid (GA;) on growth, yield and quality of tomato.
The experiment was laid out in a Randomized Complete Block Design (RCBD) with
three replications of each treatment. The unit plot size was 2 m x 1.8 m. There were 12
treatment combinations in the experiment comprising 3 levels of Boron (0 kg ha™, 0.8 kg
ha™' and 1 kg ha™ designated as By, B; and B, respectively) and 4 levels of gibberellic
acid (0 ppm, 50 ppm, 100 ppm and 150 ppm designated as Gy, G;, G, and Gj
respectively).The individual and combined effects of boron (B) and gibberellic acid

(GA;) on growth, yield and quality content in plants of tomato were studied.

Data on growth, yield and quality contributing parameters were recorded, and the
collected data were statistically analyzed to evaluate the treatment effects. The summary

of the results has been presented in this chapter.

At 60 days after transplantation boron had a significant effect on plant height. Plants
grown with higher doses of boron showed a gradual increase in plant height. The tallest
plant (97.74 cm) was produced by B; @ 0.8 kg ha™', whiles the shortest (90.80 cm) plant
was observed in control treatment. In case of GA;, the tallest plant (98.83 cm) was
produced by GA; @ 100 ppm and the shortest plant (92.99 ¢cm) was shown by control
treatment. The treatment combinations demonstrated significant variation in plant height
at 20, 40, and 60 DAT. At 60 DAT the tallest plant (105.3 cm) was found in B;G, (B; @
0.8 kg ha” + G, @ 100 ppm) treatment while the shortest (87.60 cm) was shown in B,Gs
(B, @ 1 kg ha + G; @ 150 ppm) treatment.

At 60 DAT different levels of boron showed significant effect on number of leaves per

plant. The maximum value (34.58) of this character was found at B; @ 0.8 kg ha™ and
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the minimum value (30.08) was obtained from control treatment. On the other hand, at 60
DAT statistically significant variation was found in number of leaves per plant with the
application of different level of GA;. The maximum number of leaves per plant (33.00)
was produced by GA3; @ 100 ppm and the minimum number of leaves per plant (31.00)
was shown by control treatment. The treatment combinations demonstrated significant
variation in plant height at 20, 40, and 60 DAT. The maximum number of leaves (37.00)
was given by the combined treatment of B,;G, (B, @ 0.8 kg ha™ + G, @ 100 ppm) and

minimum number of leaves (28.00) was given in control treatment.

The effect of boron on number of flower cluster per plant was influenced significantly.
The highest number of flower cluster per plant (12.33) was recorded from the treatment
of B; @ 0.8 kg ha' and the lowest number of flower cluster per plant (8.250) was shown
in control treatment. But statistically significant variation was found in number of flower
clusters per plant in different doses of GAj; The maximum number of flower cluster per
plant (10.44) was produced by GA; @ 100 ppm and the minimum number of flower
cluster per plant (9.333) was shown by GA; @ 150 ppm. Combined treatment of B,G,
(B; @ 0.8 kg ha + G, @ 100 ppm) produced the maximum number of flower cluster per
plant (13.67) the lowest number of flower cluster per plant (5.333) was obtained from
B,G;(B, @ 1 kgha + Gy @ 150 ppm) treatment.

Number of flowers per cluster progressively increased with increasing level of boron.
The highest number of flowers per cluster (8.75) was produced by B; @ 0.8 kg ha™' and
the lowest number of flowers per cluster (6.333) was observed in control treatment.
Again, statistically no significant variation was found in number of flowers per cluster
per plant in different doses of GAj;. Interaction effect of B and GAj; on the number of
flower per cluster was significant. The highest number of flower per cluster (10.67) was
found in B|G, (B; @ 0.8 kg/ha + G, @ 100 ppm) treatment and the lowest number of
flower per cluster (5.0) was produced by B,G; (B, @ 1 kg/ha + G; @ 150 ppm)

treatment.
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Statistically no significant variation was found in number of fruits per cluster per plant in
different doses of both boron and gibberellic acid. The treatment combinations of boron
and gibberellic acid on number of fruits per cluster were significant. The highest fruit per
cluster (6.667) was obtained in B;G, (B; @ 0.8 kg ha” + G, @ 100 ppm) treatment and
the lowest number of fruits per cluster (3.667) was produced by B,G; (B, @ 1 kg ha +
G; @ 150 ppm) treatment.

There were significant differences among the different levels of boron in respect of
number of fruits per plant. The highest number of fruits per plant (59.08) was obtained
with the application of B; @ 0.8 kg ha™ and the lowest number of fruit per plant (37.25)
was produced by control treatment. Number of fruits per plant gradually increased with
increasing level of gibberellic acid up to higher level. The highest number of fruit per
plant (51.67) was obtained with the application of GA; @ 100 ppm and the lowest
number of fruit per plant (41.22) was found in control treatment. The treatment
combinations of boron and gibberellic acid on number of fruits per plant were significant.
The highest fruit per plant (70.67) was found in B,G, (B; @ 0.8 kg ha™' + G, @ 100 ppm)
application and the lowest number of fruit per plant (15.00) was produced by B,G; (B, @
1 kg ha + G; @ 150 ppm) treatment.

Fruit weight per plant increased with increasing level of boron up to 0.8 kg ha™'. The
highest fruit weight per plant (2.391 kg) was obtained in B, treatment and the lowest fruit
weight per plant (1.381 kg) was obtained in B, @1 kg ha™ treatment. But fruit weight per
plant was significantly affected by different levels of gibberellic acid. The maximum fruit
weight per plant (1.995 kg) was produced by GA; @ 100 ppm and the minimum fruit
weight per plant (1.709 kg) was shown by GA; @ 150 ppm. The treatment combinations
of boron and gibberellic acid on number of fruit weight per plant were significant. The
highest fruit weight per plant (2.57) was obtained in B,G, (B; @ 0.8 kg ha + G, @ 100
ppm) treatment and the lowest number of fruit weight per plant (0.8367) was produced by
B,G;(B, @ 1 kg ha + G; @ 150 ppm) treatment.
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Plant receiving boron at the rate of 0.8 kg ha™ produced significantly higher weight of
fruit per plot (24.91 kg) and the lowest weight of fruit per plot (12.44 kg) was recorded in
B, @ 1 kg ha treatment. On the other hand, the highest weight of fruit per plot (19.67)
was obtained with the application of GA; @ 100 ppm and the lowest weight of fruit per
plot (17.07) was obtained with the application of GA; @ 150 ppm. The combined effect
of boron and gibberellic acid on weight of fruit per plot of tomato was significant. The
combined B,G, (B; @ 0.8 kg ha + G, @ 100 ppm) treatment gave the highest weight of
fruit per plot (28.25 kg) and the lowest weight of fruit per plot (6.437) was produced by
B,G;(B; @ 1 kg ha' + G, @ 150 ppm) treatment.

Individual application of boron at the rate of 0.8 kg/ha produced the highest fruit yield
(69.20 t ha™) and the lowest fruit yield (34.55 t ha™) was obtained in B, @ 0.8 kg ha™
treatment. Fruit yield increased with increasing level of gibberellic acid up to higher
level. Application of GA; @ 100 ppm produced the highest fruit yield (54.63 t ha) and
the minimum fruit yield (47.43 t ha™) was recorded in GA; @ 150 ppm. In combination,
the highest fruit yield (78.46 t ha') was produced by B,G, (B; @ 0.8 kg ha™ + G, @ 100
ppm) and the lowest fruit yield (17.88 t ha™) was obtained from B,G; (B, @ 1 kg ha™ +
G; @ 150 ppm) treatment.

Total soluble solids increased with increasing level of boron up to 0.8 kg/ha. The highest
total soluble solids (7.233 %) was obtained in B; treatment and the lowest total soluble
solids (6.950 %) was obtained in B, @ 1 kg/ha treatment. On the other hand, application
of GA; @ 100 ppm produced the highest total soluble solids (7.389 %) and the minimum
total soluble solids (6.878 %) were recorded in GA3; @ 150 ppm. The combined B,G, (B,
@ 0.8 kg ha™ + G, @ 100 ppm) treatment gave the highest weight of fruit per plot (7.600
%) and the lowest weight of fruit per plot (6.467) was produced by control treatment.

The maximum B-Carotene (0.3167 mg per 100g) with increasing level of boron up to 0.8
kg ha” and the minimum B-Carotene (0.25 mg per 100g) were obtained from control

treatment. On the other hand, application of GA; @ 100 ppm produced the highest total
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soluble solids (0.3178 mg per 100g) and the minimum total soluble solids (0.2689 mg per
100g) were recorded in control treatment. The combined B,G, (B; @ 0.8 kg ha + G, @
100 ppm) treatment gave the highest B-Carotene (0.3500 mg per 100g) and the lowest -
Carotene (0.2333 mg per 100g) was produced by control treatment.

The highest vitamin-C (98.72 mg per100g) was obtained from B, @ .8 kg ha™ and lowest
vitamin-C (74.04 mg per 100g) was obtained from control treatment. Otherwise, the
highest vitamin-C (91.45 mg per 100g) was obtained with the application of GA; @ 100
ppm and the lowest vitamin-C (80.77 mg per 100g) was obtained with the application of
control treatment. The combined B,G, (B, @ 0.8 kg ha' + G, @ 100 ppm) treatment
gave the highest vitamin-C (111.5 mg per 100g) and the lowest vitamin-C (66.66 mg per

100g) was produced control treatment.

From the present study, the following conclusion may be drawn —

> Individual effect of boron (B; @ 0.8 kg ha™) and gibberellic acid (G, @ 100 ppm)
played positive and significant role on the growth, yield and yield contributing
characters of tomato

» Quality contributing characters of tomato were also significantly influenced by the

individual application of boron (B; @ 0.8 kg ha™) and gibberellic acid (G, @ 100

ppm)
> The combined effect of boron and gibberellic acid (B, @ 0.8 kg ha' + G, @ 100

ppm) enhanced growth, yield, yield contributing characters and quality of tomato.

Further research works at different agro-ecological zones of the country are needed to be

carried out for the confirmation of the present findings.
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APPENDICES

Appendix I: Experimental site at Sher-e-Bangla Agricultural University,
Dhaka-1207

The map of Bangladesh showing experimental site

74



Appendix II: Monthly records of meteorological observation at the period
of experiment (November, 2015 to March, 2016)

Temperature (°C) Rela.tiYe Rainfall
Name of months humidity
0 (mm)
(Y0)
Maximum Minimum
November, 2015 30 15 66 24
December, 2015 28 13 63 5
January, 2016 26 12 54 8
February, 2016 30 13 49 32
March, 2016 34 14 45 61

Source: Weather Yard, Bangladesh Metrological Department, Dhaka.

Appendix III: Morphological characteristics of soil of the experimental plot

Morphological features Characteristics
Location Research farm, SAU, Dhaka
AEZ Modhupur Tract (28)

General Soil Type

Shallow Red Brown Terrace Soil

Land Type Medium high land
Soil Series Tejgaon fairly leveled
Topography Fairly level

Flood Level Above flood level
Drainage Well drained
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Appendix-IV: Analysis of variance of different character of tomato

Mean sum of square
Sources of Degl;ees
variation 0 Plant height No. of leaves per plant
freedom 0 20 0
DAT 40 DAT | 60 DAT DAT DAT DAT
Replication 2 0.188 0.026 0.084 0.583 1.333 0.194
Boron (B) 2 23.284% | 177.341% | 162.694* | 22.583* | 57.250* | 68.778*
Gibberellic 3 7.848% | 53.963* | 61.881* | 2.259* | 4.843* | 6.250%
acid (G)
BxG 6 5.938*% | 28.160* | 85.932* | 1.843* | 13.287* | 8.667*
Etror 22 | 0041 | 0064 | 0098 | 0402 | 0515 | 47
DAT= Days after transplanting
* Significant at 5% level
Mean sum of square
Degrees Flower
Sources of . .
variation of clusters Flowers per | Fruit per Fruit per
freedom
per cluster cluster plant
plant
Replication 2 1.444 0.361 0.194 0.194
Boron (B) 2 56.694* 17.861* 2.028™ 1675.528*
Glbbelfél)lc acid 3 2.028°* 2.519N 1.583 | 239.778*
BxG 6 14.472* 8.046* 2.028%* 735.194*
Error 22 1.596 0.482 0.376 12.043

* Significant at 5% level

NS= Not Significant
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Appendix-IV: (Cont’d)

Mean sum of square

Degrees
Sources of of Fruit S
variation Fruit wt per ruit yie
freedom wt per 1
plot (Kg) (tha’)
plant (Kg)
Replication 2 0.005 0.102 0.781
Boron (B) 2 3.071* 470.846* 3632.941%*
Glbberél)lc acid 3 0.040* 11.317* 87.279*
BxG 6 0.514* 60.794* 469.030*
Error 22 0.020 1.596 12.319
* Significant at 5% level
Mean sum of square
Degrees
Sources of —
variation of p-Carotene Vitamin-C
freedom TSS %
(mg per 100g) (mg per 100g)
Replication 2 0.173 0.000 1.235
Boron (B) 2 0.251* 0.017* 1835.364*
Glbbezgl)lc acid 3 0.448* 0.004* 185.177*
BxG 6 0.290* 0.001* 207.818*
Error 22 0.020 0.000 10.644

* Significant at 5% level
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Plate 1 (a-f): Different steps tomato plantation in experimental
plot

e. Treatment application | f. Harvesting of tomato
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Plate 2: Harvested tomato sample from different experimental Plot
(treatment plot)
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Plate 2: (Cont’d)
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Plate 3 (a-b): Procedure of measuring of - carotene in ripen
tomato

a. Ripen tomato juice with Acetone: n-Hexane mixed solution taken in the glass
vial

b. Collected solution (sample) in the marked glass vial
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Plate 4 (a-b): Procedure of measuring Vitamin C in ripens tomato

b. Titration by prepared sample with 2, 6- dicholophenol indophenols dye
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