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The study was conducted al Bangladesh Agricultural Research Institute 

(BARJ), Joydebpur, Gazipur to study the effect of grafting among three tomato 

varieties for producing wilt free tomato. The treatments of the experiment 

consisted of three tomato varieties viz. BARI Tomato-3, BARI Tomato-4 and 

BARJ Tomato-6 and rootstock Solanum sisymbriifolium. Tomato varieties had 

significant influence on grafting success, days to 50% Dowering, plant height, 

days to harvest, fruit characters, bacterial wilt, virus, plant mortality and yield 

contributing characters. The result of the experiment further revealed that 

maximum grafting success ( 46.79%) number of fruit (26.06), yield per plant 

(1.73 kg) and yield per hectare (76.36 ton) was obtained from the variety BARI 

Tomato-6.Grafting had significant inlluencc on the above mentioned 

parameters including incidence of bacterial will. The highest harvesting 

duration (76 days), no wilt incidence and higher yield (64.32 ton/ha) were 

recorded when tomato plant was grafted. Grafted tomato plants had maximum 

harvest duration (76.22 days), no wilt incidence and produced higher yield. 

(64.32 ton I ha) When the combined effect of varieties and rootstock were 

taken into consideration, highest yield (79.74 ton/ha) was obtained from graft 

BARI Tomato-6. But BARI Tornato-J had also highest yield (78.21 ton/ha) and 

early harvest when it was grafted. Therefore, it may be recommended that 

tomato varieties may be grafted on resistant wild Solanutn rootstocks for 

controlling bacterial wilt and gelling higher yield. 

ABSTRACT 



Chapter 1 
Introduction 



Tomato cultivation in Bangladesh is severely impaired by three 

important soil-borne pathogens viz. Pseudomonas solanacearum, Fusarium 

oxysporum and Me/oidogyne incognita, the causal agents of bacterial wilt, 

fusarium wilt and root-knot nematode, respectively and cause devastating 

Tomato is mainly produced in winter season in Bangladesh. Usually, it 

is sown in October-November and harvesting is mostly done from the months 

of January to March (Annon., 1980). Its production is sometimes severely 

affected due to the attack of an important soil borne pathogen called Ralstonia 

solanacearum and the causal organism of bacterial wilt (Mondal, 1992; 

Bhuyan and Haque, 1983). The disease causes severe loss in yield of tomatoes 

in many tropical and sub-tropical countries (Kelman, 1953). In Taiwan, on an 

average 29% of hybrid tomato varieties are affected by this diseases (Hartmen 

et al., 1991) 

Tomato (Lycopersicon esculentum Mill) is one of the most popular and 

nutritious vegetables in Bangladesh. It has diversified uses like salad, stew, 

juice, sauce and pickles (Chowdhury, 1979). Tomato ranks the top position 

among the world's list of vegetables production (Rashid, 1999). It has demand 

for multipurpose uses both at home and in industries. 

CHAPTER-I 

INTRODUCTION 
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Hossain et al. ( 1999) reported that incidence of bacterial wilt ranged 

from 3.33 to 36.76% in tomato. The bacterium has a wide range of host and the 

extent of crop damage due to bacterial wilt varies greatly depending upon the 

bacterial strain, host variety and geographical region. It has been found that the 

problem of this disease is common in high lands which are not flooded and are 

under continuous cultivation of solanaceous crops without crop rotation. in 

case of tomato, this acute problem occurs commonly in kitchen gardens, which 

arc usually not-flooded. It has been observed that due to the incidence of wilt in 

some cases l 00% of the tomato plants have died in kitchen gardens of 

Bangladesh Agricultural Research Institute, Gazipur and Bangladesh 

Agricultural University, Mymensingh (Ali, 1993). 

damage of tomato (Timm and Ameen, 1960: Talukder, 1974). These are also 

the major limiting factors for tomato production through out the world (Hinata, 

1986). Wilt and nematode problems are especially severe in the humid tropics. 

In some cases 100% of the plant are found to die in kitchen gardens of 

Bangladesh due to wilt problem (Ali et al., 1994). In Bangladesh root-knot 

disease may cause as much as 53-62% loss in fruit yield of tomato 

(Anonymous, 1996). 
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Under the socio-economic condition of Bangladesh, grafting of tomato 

on resistant wild Solanum may be effective technique for the places where wilt 

problems arc acute. It may also be very much effective for the early production 

of tomato, so, it is urgently necessary to strengthen grafting technology to find 

out suitable disease resistant rootstock of those which are highly grail 

To avoid the problems of soil-borne diseases, gratling of tomato and 

eggplant on the resistant rootstocks as an alternative, is being practiced in 

Puerto Rico (Purseglove, 1974) and in Japan (Matsuzoe et al., 1990; Ali et al., 

l 990a). Japanese growers have been using these technique since 1930s. In 

1990 about 95% of Japanese commercial growers have been reported to grow 

grafted eggplants. 

There are two traditional methods of controlling the soil-borne diseases: 

i) Soil sterilization by chemicals, which are very expensive and not practical, 

and ii) Use of resistant varieties, which are not available (Ali et al., 1994). 

Recently, some summer tomato varieties have been developed by BARl which 

arc reported to be resistant or tolerant to bacterial wilt. But it has been observed 

that the resistance is location specific. The location specificity may be due to 

the diversity of the stains of pathogen, environments (temperature, soil 

property, or inoculums density etc.) and their interaction (Jaw, 1998). 
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and better yield. 

3. To find out the suitable cultivar for successfull grafting technique 

2. To study the performance of grafted plants against bacterial wilt and 
I 

their growth~ield. 

1. To find out the grafting success of tomato cultivars 

folJowing objectives. 

Considering the above facts, the present study was undertaken with the 

Bangladesh conditions. 

compatible and to observe yield performance of grafted plants under 



Chapter 2 
Review of Literature 

. • 
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Mayne ( 1999) stated that tomato grafted on vigorous rootstocks and 

cultivated under tunnel was economic for high quality and yield due to longer 

harvesting period. 

A study was conducted on bacterial wilt in sick bed to assess the 

reaction of rootstocks of wild Solanum spp. and cultivated eggplant variety 

against bacterial wilt. Solanum torvum, S. sisymbriifolium, S. melongena (Var. 

Khotkhotia long) and S. melongena (Var Sufala) showed 0.00, 0.00, 19.44 and 

100.00% wilt incidence, respectively (Rashid et al., 2000). 

Tomato is an important vegetable for its worldwide demand. Numerous 

experiments have been conducted in various parts of the world to study the 

grafting success and suitability of some vegetables like tomato, brinjal, 

watermelon and different rootstocks to control the prevalence of soil borne 

disease, particularly wilt disease. Some of the relevant literatures related to 

present research are reviewed here. 

CHAPTER-2 

REVIEW OF LITERATURE 
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ln 1997-98, a study was carried out in France to investigate the effects 

of grafling using Japanese method on growth, crop yield and quality of tomato. 

The grafted plants were cultivated under protected condition using same stem 

densities as for non-grafled plants. Over eight weeks of harvesting, good yield 

and fruit size were obtained from the grafted plants as compared to non-grafted 

ones (Mazollier, 1999). 

Hossain el al. ( J 999) stated that Solanum torvum and S. sisymbriifolium 

were identified as resistant to bacterial] wilt. It was also mentioned that 

between these two species; S. torvum was more suitable for grafting as it 

contains few numbers of spines on leaves and stems compared to S. 

sisymbriifolium. 

Huang et al. ( 1999) conducted an experiment to select rootstock of 

tomato resistant to different soil borne diseases. Eighty two accessions of 

tomato were artificially inoculated with F. Oxysporum, the causal organism of 

Fusarium wilt and evaluated under field conditions. Two rootstocks were 

selected as disease resistant by pedigree selection, which had good grafting 

affinity, high disease resistance to Fusarium wilt and tomato southern bacterial 

wilt (R. so/anacearum) Different scions were grafted on to that rootstock and it 

showed disease resistance, improved quality and yield was increased from 

18.95 to 50.00%. 
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Wang et al. (1998) indicated that sowing date, seedling stage and 

grafting method (approach grafting, whip grafting, cut grafting or scarf joint) 

An investigation was carried out by Wadano et al. (1999) on changes of 

ascorbic acid level after grafting of tomato seedling. It was found that the 

content of ascorbic acid was increased gradually over 2 days compared to 

control. The ascorbate peroxides showed constant activity. So the increase of 

ascorbic acid may be due to its requirement to occur in the graft wound. 

Nishiura et al. ( l 999b) reported a method for detecting effective 

vascular systems by using 3-D image construction to study graft union between 

scion and rootstock. First it was used to detect the vessel tubes of a non-grafted 

tomato seedling to improve its effectiveness and then applied to grafted 

seedlings. The 3-D images clearly distinguished vessels at the graft union. 

Nishiura et al. (l 999a) reported that an automatic grafted seedling 

production system has been developed on the basis of the "Plug-in- method" 

which was a new grafting method based on physiological principles. It was also 

found that the new process performed 90% successful grafting with a 

processing speed of 1.4 times compared lo manual grafting. 
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Ali et al. ( 1994) reported that grafting of eggplant on resistant wild 

solanum rootstocks have been used by Japanese growers since 1930s. It was 

also mentioned that in 1990, about 95% of Japanese commercial eggplant 

growers reported to use grafting on eggplants. It was further stated that 

Japanese scientists employed grafting technique for tomato production during 

Alam et al. ( 1995) found the lowest borer infested fruits in grafted plants 

and significantly higher yield was obtained from these plants compared to 

normal ones. Solanum. torvum, S. sisymbriifolium and S. amphidiploids were 

used as rootstock by the investigators. 

A study was carried out in green house to assess the effect of soil 

steaming and grafted plants in a soil infected with corky root. It was reported 

that grafted tomato gave 65% increased yield. Tomatoes from grafted plants 

had higher mineral salt contents but had slightly lower dry matter. But grafting 

had no influence on vitamin C content. It was also found that soil steaming 

improved the yield of non-grafted plants by 48%, while increasing plant vigor, 

but did not reduce the infection rate, by corky root (Granges et aJ. 1998). 

influenced grafting success in tomatoes. It was also observed that success in 

cut grafting and scarf joint grafting were 87.69 and 88.95% respectively. 
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Ali et al. ( 1992 a) developed amphidiploids through in vitro treatment of 

shoot tip and nodal explants of sterile inter specific hybrids between S. 

melongena and S. intergrifolium with 0.05% Colchicine. They found that seed 

In Bangladesh five species of wild Solanum were evaluated for their 

resistance to root knot nematode (Melodogyne incognita) and their 

susceptibility was graded on the development of gall and nematode in root 

systems. It was observed that S. sisymbriifolium was found as resistant, S. 

indicum and S. suranthense as susceptible an S. integrifolium S. insanum as 

highly susceptible. The compatibility of cultivated eggplant varieties for 

grafting on S. sisymbriifolium was studied and it was found to be an effective 

rootstock for grafting with susceptible eggplant to reduce the severity of root 

knot disease (Islam, 1992). 

Bacterial wilt of solanaccous plants was first observed in 1890 and its 

causal organism Pseu.domonas solanacearum E-f Smith was first described by 

Smith ( 1896). The pathogen causes severe disease in chili, eggplant, potato, 

tomato and other solanaceous vegetables resulting in severe yield reduction 

(Rao et al. 1976, Gigard et al. 1993). 

1950s lo avoid soil borne diseases. But the technique was not so popular 

because of hollow fruit production without enough edible pulp. 
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Ali ( 1991) indicated that direct use of the So Lanum sp. as rootstock has 

many problems like slow growth of seedling, poor post grafting affinity, 

susceptible to high or low temperature and poor economic yield of scion etc. 

In China, Lu et al. (1992) reported that grafting of the main local tomato 

cultivars with wild one gave l 00% control of tomato bacterial wilt. Further, by 

120.9: 80.5 and 78.6% when three wild rootstocks (Ch-2-26, Ch-2-25 and Ch- 

2-21) were used in tomato grafting. 

Ali et al. ( 1992 b) evaluated resistance of eggplant, its wild relatives, 

inter specific Solanum Hybrids and amphidiploids to M cognita through 

inoculation of seedlings of grafted and non-grafted plants. Immunity or high 

resistance in S. Khasianum, S. torvum and S. toxicarium was observed. It was 

further observed that small swellings were formed in S. sisymbriifolium, their 

hybrids and amphidiploids and S. indicum failed to show resistance against the 

root knot nematode and Solanum mammosum and S. surattense were highly 

susceptible to M. incognito. 

grown from amphidiploids seedlings were resistant lo two of the five most 

virulent strains of wilt caused by bacteria. 
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I Iinata ( 1986) mentioned that the bacterial wilt Fusarium wilt and 

nematodes are the major factors limiting tomato production through out the 

world. It was reported that root-knot nematode infection is indicated by gall 

formation in root system and ultimately weakened the plant. As a result the 

growth and yield are affected. Nematode infection facilitates easy entries of the 

wilt causing organisms like bacteria and fungi. 

An integrated control of Ralstionia solanacearum was conducted by 

lizuka et al. ( 1988) who reported that the most effective treatments to control 

bacterial wilt involved the application of fungicides (Chloropicrin) and the use 

of grafting on rootstocks with resistance to bacterial wilt. 

In 1988, tomato shoots were grafted on wild eggplant. It was found that 

the grafted tomato plants produced excellent quality fruit without hollowness 

(Ali, 1991 ). From that observation it was hypothesized that the genetic 

background of the modern tomato varieties might be responsible for non­ 

hollowness. On the basis of that research, tomato grafting has been used 

commercially in Japan since 1991 to escape soil borne diseases. 

Matsuzoe et al. (1990) observed that the yield and quality of tomato 

fruits of grafted plants on the amphidiploid rootstocks were equivalent to or 

higher than those of non-grafted plants. 
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Gindrat er al. ( 1977) reported that grafting the susceptible cvs. 

Montfavct 63-5, Rise, Vilmorin 186-73, Harold and Luca on hybrid rootstock 

KNVF (F. hybrid with a Lycopersicon hitrutum parent) gave a 600% increase 

Pudclski et al. ( 1978) worked on seven tomato cvs. Which were grafted 

on the rootstock type KNIVT, and observed increased yield in all cvs. ranging 

from the highest increment of 110. 7% over the control. Grafting on KNVF 

rootstocks also improved fruit composition. Disease incidence on grafted plants 

was significantly lower. 

Reboul ( 1979) evaluated tomato cvs. N 52, N 63, Fandango, Flamingo, 

Better Boy and Floradcl which yielded well both in cool and hot seasons. 

Grafting on eggplant was recommended on soil infected with Pseudomonas 

solancearum. 

Four cultivars of greenhouse tomatoes grafted on resistant rootstocks 

KNVF against Pyrenochaeta lycopersici or Meloidogyne spp. produced 30- 

50% higher yields than non-grafted control plants (Pirog, 1986) 

Reboul ( 1981) worked on scions of tomato cvs. susceptible to 

Pseudomonas solanacearum (including Mighty Boy, Floradel and Better Boy) 

were grafted on eggplant as rootstock, Plant on eggplant rootstocks yielded 54. 

St/ha whereas non-grafted plants yielded only 16.5 t/ha. 
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Rajcndra et al. ( 1975) observed the effects of grafting tomato scions on 

eggplant and Solanum torvum rootstocks. The percentage of successful grafts 

was greater in the former combination and flowering was profuse. 

consistently reduced to below 10% in fields where nougraflcd cvs. suffered 

total loss. 

Lum et al ( 1976) observed that Pscudomonus solanacearum, the major 

limiting factor of large-scale tomato grow ing in Malaysian low lands. can be 

successfully overcome when tomato scions arc grallcd on selected resistant 

eggplant routstocks. Grails were highly compatible for perfect union. l sing 

local C\ s. "Flitam". "Bulat" or "Sabah" as rootstocks. wilt incidence was 

m yield compared to the non-grafted control (Susceptible to Fusarium 

Oxysporumf. sp. lycopersici race l). Grafting was considered a satisfactory 

method of disease control. 

Cheng et al. ( 1976) worked on scions of the tomato cv. Farmers No. I 

were grafted on rootstocks of Solanum melongena (a local eggplant cv.), S. 

wrightii (a perennial tree) or a local tomato cv. all resistant to bacterial wilt 

tPseudomonas solanacearum). The grafting was successful and no graft died 

from wilt. 
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and thereby heritable changes through grafling had been reported by Baldin 

(1952); Bohme (1954), Sumarskaja (1958); Vnuckova (1962); Hirata (1980). 

In several experiments. it was noticed that heritable changes of scion 

might he due to somatic mutation probably caused by the effects of root stocks 

In tomato, gra Hing was being practiced where there was severe 

problems of soil borne disease found in 3 resistant varieties introduced into 

Japan. 0 rl3-:2 ''as best for using as stock in grafting for controlling Fusrium 

oxysporum, F. lycopcrsici and Pseudomouas solanaccarum. Cleft grafting was 

recommended. '' ith stock at the 5 leaf stage and the sewn at the 3 leaf stage 

(Okuda et al .. l 972). 

I clix ( 1973) stated that in greenhouse and field trials, tomato scions 

tongue grafted on Solunum torvum rootstock were resistant to the attack of 

Pscudomonas solanacearum and Meloidogyne sp. whereas non-grafted plants 

were highly susceptible. Ihc field establishment of grafted seedlings \\US also 

more succc ... sf ul than that of non-graltcd plants. 

materials to exploit resistance. 

Purseglove (1974) mentioned that some of the wild Solanum sp. are 

being used directly as rootstock of eggplant or can be used as breeding 
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It is therefore, revealed from the above review that bacterial wilt and 

root knot nematode cause severe damage to tomato. Tomato varieties released 

by BARI are particularly susceptible to these diseases. However, few wild 

Solanum species were found to be resistant to soil borne disease. Grafting of 

tomato varieties on resistant Solanum spp. has been suggested to have higher 

yield, to extend the fruiting period avoiding soil borne diseases especially 

bacterial wilt problem. 

Kress ( 1961) reported that tomato could be grafted on eggplant and it 

had some practical implication lo breeders. It was further reported that there 

was some reduction in size of fruit and S. torvum could be successfully used as 

a root stock to produce plants resistant to root diseases. 



Chapter 3 
Materials and Methods 
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The present research work was carried out at the Horticulture Research 

Centre, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur during 

the period from October 2004 to April 2005 to study the effect of grafting on 

the yield of tomato. This chapter deals with the materials and methods in 

conducting the experiment. 

3.1 Soil: 

The land was medium high with good drainage facilities. The soil of the 

experimental area belongs to the Gray Terrace Soil Tract. The texture of the 

soil was silt loam having pH 6.4 with an organic matter content of 1.88%. 

3.2 Climate: 

The area is characterized by hot and humid climate. The average rainfall 

of the locality during the experiment was 5.83 mm. The average minimum and 

maximum temperatures were 17.82°C and 29.08°C respectively. The average 

relative humidity was 72.5% during October 2004 to April 2005. 

3.3 Materials : 

Bangladesh Agricultural Research Institute (BARJ), Joydebpur 

developed three tomato varieties namely BARI Tomato-3, BARI Tomato-4, 

CHAPTER-3 

MATERIALS AND METHODS 
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and BARI Tomato-6. These three tomato varieties were used as scion and 

Soianum sisymbriifolium were considered as rootstock. 

3.4 Treatment: 

The factorial RCBD experiment consisted of two factors that are 

represented as below: 

3.4.1 Factor - A: Tomato varieties 

BARI Tomato-3, designated as V1 

BARI Tomato-4, designated as V 2 

BARI Tomato-o, designated as Y3 

3.4.2 Factor - B: Grafting 

No grafting designated as G0 

Tomato grafting designated as G1 

3.5 Design and layout: 

The two-factor experiment was laid out in randomized complete block 

design with three replications. A block consisted of 18 unit plots each receiving 

a treatment combination of the experiment. Treatment combinations of the 

experiment were assigned randomly in block. The number of plant per unit plot 

was 20. The size of unit plot was 4 x l m2. 
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3.6 Seedling raising: 

3.6.1 Raising of rootstock seedling: 

Seeds of rootstock (S. sisymbriifolium) were sown directly in the 

seedbed on 2"d October 2004. Seedlings at 2-3 true leaf stage were transplanted 

individually in polyethylene bag (9 cm in diameter) containing a mixture of 3 

parts well-decomposed cow dung and 1 part soil. 

The rootstock seedlings of S. sisymbriifolium (Plate l) were ready for 

grafting on 8th December 2004 when four to six fully opened leaves were 

developed and the plants were 8 to 10 cm tall. 
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Plate J. Seedlings of rootstock (S. sisymbriifolium) for grafting 
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3.6.2 Raising of scion seedling: 

Seeds of tomato (var, BARI Tomato-3, BARI Tomato-4 and BARI 

Tomato-6) were sown directly in the seedbed on 10• November, 2004. 

The scion seedlings (plate 2) were ready for grafting when they were 5-8 

cm in height with 4-5 leaves. Adjustment was made with sowing date of scion 

and stock so that the seedlings were ready for grafting at the same time. 

Watering, mulching, weeding and shading were done as and when necessary. 



(3) BARI Tomato-6 
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Plate 2. Seedlings of scion ready for grafting 

(1) BARI Tomato-3 (2) BARI Tomato-4 

3 



a ·y· or 'wedge' shape was formed al the base or the scion. 

• A similar cut to the opposite side at the basal end was made such that 

was made. 

I he first slant inu cut about one cm long on the basal end of the scion ~ ~ 

• I .owcr leav cs were rcrnov ed from the scion lo reduce transpiration. 

seedling was cut w ith the help of a sharp razor blade. 

• lour to five cm long shoot with grovvmg point from the scron 

3.7.2 Scion Preparation 

scion. 

• Slightly open and wide slit was made to facilitate the insertion of 

rootstock become two equal parts. 

• A vertical cut of about 1 cm depth was made so that the tip of the 

a razor blade retaining 1-3 leaves with the stock plant. 

• The top of the rootstock was removed by a sharp horizontal cut using 

• Rootstock in polyethylene bag was held tightly between knees. 

3.7.1 Rootstock preparation 

3.7 Procedure for grafting 



done in the allcrnoon. 

For better success tunnel was prepared in a sh.idy place .md g.ratling '':1s 

inuncdiutcly (plate 3 ). 

started to grow. Frncrged twig from the rootstock was removed 

until the grail union was established. Aller l 0-12 days the scion 

above mentioned times keeping the black cover tor another I~\\ days 

o Polyethylene sheet was removed from the top or the tunnel utter 

l O days. 

was sprayed 011 the grafted plants 3-4 tunes a day for a period of 7- 

kept uncovered at night but covered again during the day time W atcr 

directly enter into the tunnel. When there was no rain the tunnel was 

cover so that hiuh humiditv can be maintained and no sunlight can ~ . - 
pol) ethylene and a black sheet of curtain under the pol) ethylene 

Grafted plants were put in a small tunnel covered with a sheet of' 

• Aller grafting. water was sprayed on the scion using a hand sprayer. 

l'o make the joint tight and strong a plastic clip was used. 

rootstock made contact and titted gently (plate 3 ). 

rootstock is such a way that the cut surface of both scion and 

• The wedge of the scion was inserted into the slit portion of the 

3.7.3 Making the graft and nursing: 
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Plate 3. Grafting procedure of tomato on rootstock (contimncd) 

(a) Insertion of rV" shaped end of the scion into the vertical cut of the 

rootstock and attaching a grafting clip; 

(b) Grafted tomato seedling on a rootstock attached with a grafting clip; 

(c) Spraying water on the grafted seedling; 

( d) Grafted seedling in a shade house covered with a sheet of polyethylene 

and a black curtain. 
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equal splits at 21 and 35 days after transplanting. 

<luring land preparation. Urea and MP were applied as side dressing in two 

The whole amount or cowdung and TSP were applied as basal dose 

plots as per follow ing doses: 

Manure I crtilizcr Dose ha Do~c/Ph)l 

Wdl decomposed cowdung lOt 4 kg .._ 

l lrca 550 kg 22Ugm 

TSP 450 kg 180 gm 

MP 250 kg IOOgm 

(j~ psum 120 kg -Wgm 

Manure and fertilizers were applied uni for ~11~ in all the cxpcri: 1..:nt:i! 

3.9 Dose of manure and fertilizers and their methods of application: 

cultural operations. 

prepared hav ing 30cm space in betw ecn two beds for prov iding irrigation and 

iJ cm from the ground lcv cl and l m in width and 20m in length raised beds were 

basal <loses of manures and fertilizers. l inally, the plots were raised up to 30 

and stubbles were removed and the land was prepared through addition of the 

prepared by ploughing and cross ploughing followed by laddering. The weeds 

Selected land was opened on 23rd December 2004. The land was 

3.8 Land preparation: 
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Vv ceding and mulching were <lone as and when necessary to keep the 

plot free from \\ eeds. 

Plants were supported by 'A' shaped bamboo stick to keep the branch 

upright. The plants were pruned twice 21 and 35 <lays after transplanting 

respectively. 

3.12 Weeding and mulching: 

3. I 1 Staking and pruning practices: 

Grafted seedlings were watered 3-4 hours before transplanting in the 

main field. Before transplanting undesired emerging shoots and twigs of stocks 

(below grafted point) were removed. During transplanting the polythylene bag 

was cut and removed with care to keep the soil intact with the root system of 

the rootstock plant. A spacing of 60 x 40 cm was used. Irrigation was provided 

after transplanting of seedlings. 

3.10 Transplanting and establishment of seedlings 

Seedlings were transplanted in the main field after three weeks of 

grafting on 27111 December 2004. Non-grafted seedlings (control) of similar age 

were also transplanted in the field on the same date. 
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follow ing parameters were recorded. 

randomization. Ten plants were randomly selected from each plot. The data on 

two rows and at the extreme end of the middle rows were excluded during 

to assess the result. The sampling was done randomly. The plants in the outer 

Data were recorded on the following parameters from the sample plants 

3.16 Data collection: 

December) to the date it was harvested (211t1 March to 20111 April 2005). 

Time to harvest was counted from the date of transplanting (27111 

3.15 Harvesting 

found was uprooted and destroyed. 

insects pests found in the crop and the bacterial wilt affected plant whenever 

days interval as suggested by Khurshed et al. ( 1987). There was no other major 

White flies were controlled by spraying Bimecron 50 EC @ 2ml/L at 15 
\ 

3.14 Pest and disease control 

older flood irrigation was provided whenever required. 

The plants were initially irrigated by watering can and as they grew 

3.13 Irrigation: 
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ii) Mortality(%) 

iii) Plant height (cm) 

iv) Days to 50% flowering 

v) Duration of harvesting (days) 

vi) Fruit length (cm) 

vii) Fruit diameter (cm) 

viii) No of fruits I plant 

ix) Single fruit weight (gm) 

x) Bacterial wilt incidence 

xi) Virus infestation. 

xii) TSS (%) 

xiii) Yield I plant (kg) 

xiv) Yield I ha (ton) 

i) Grafting success(%): Percent success of grafting was determined 15 

days after grafting when the scion started growing on the rootstock. 

Healthy and well established scions were counted as successful 

grafts. 



----------- - - - 

Chapter 4 
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The combined effect of varieties and grafting on grafting success was 

also found significant. The results in this regard have been presented in (Fig. I). 

It was revealed from the results that the highest grafting success (93.59%) was 

recorded from the treatment combination of BARl Tomato-6 followed by 

When grafting was made with different tomato varieties on rootstock.s of 

Solan um spp., success of grafting varied widely. The effect of rootstock on the 

grafting success was found significant (Table 1 ). 

The results of the experiment indicated that grafting success was 

significantly influenced by different varieties. The maximum success (46.79%) 

was found in the variety BARI Tomato-6 and the minimum success (44.99%) 

in BJ\Rl Tomato-4 (Table 1). Grafting success obtained from BARJ Toamto-3 

and BARI Tomato-6 were statistically identical. 

4.1 Grafting success: 

The present experiment was conducted to investigate the performance of 

three tomato varieties on grafting success on growth, wilt incidence, quality of 

fruits and yield of tomato. The results obtained from the study have been 

presented and discussed in this chapter. 

CHAPTER-4 

RESULT AND DISCUSSION 
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BARl Toamto-3 grafted with S. sisymbriifolium (92.21%) which was 

statistically identical. The lowest degree of grafting success (89.99%) was 

obtained from the variety BARI Tomato-4 grafted on same rootstock. Chadha 

et al. (1992) observed 60-93% success of grafting when tomato was grafted 

with Solanum sisymbriifolium which is similar with the results of the present 

study. 
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In parenthesis transformed data have been presented. 

V, =BARI Tomato-J, V2 =BARI Tomato-t, V3= BARI Tornato-ti , 

Treatment Grafting Success (0/o) 

v, 46.lOab 

Y2 44.99b 

V3 46.79a 

LSD 0.05 1.48 

CV% 2.51 

Table I. Main effect of variety on grafting success of tomato. 



----------- -- - - 
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J\s regards combined effect significant variation was found among the 

different treatment combinations in respect of mortality (Fig.-2). The maximum 

mortality percentage ( 17 .00%) was observed from BARI Tomato-3 while the 

minimum (0.10%) was observed from non-grafting BAR.l Tomato-3. 

When grafting was made among the varieties significant variation was 

found (Table 2). The grafted tomato plants suffered minimal mortality (0.21 %) 

from the Bacterial wilt disease.On the other hand, the non-grafted tomato 

plants suffered 14% mortality from bacterial disease. 

The results of main effect of scion on rootstock for mortality have been 

presented in (Table 2). The Mortality percentage were found significant among 

the tomato varieties. Under study BARI Tomato-3 showed highest (8.55%) 

mortality percentage and BARI Tomato - 4 showed lowest (5.10%) mortality 

percentage. 

4.2 Mortality 
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In parenthesis transformed data have been presented. 

V1 = BAR.1 Tomato-3, V2 = BAIU Tomato-4, V3= BARI Tomato-6, 

G0= Control 

G1- Grafting 

Treatment Mortality (o/o) 

v, 8.55a 

V2 5.IOc 

V3 7.66b 

LSD 0.05 0.672 

CV% 7.35 

Go 14.00a 

G, 0.21b 

LSD 0.05 0.95 

CV% 7.35 

Table 2. Main effect of variety and grafting on mortality of tomato. 
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V2 G1-Grafting BARI Tomato-4 
V3 G0=Non-grafting BARI Tomato-6 
V3 G1=Grafting BARI Tomato- 6 

V1 Go-Non-grafting BARI Tomato-3 
V1 Gj..Grafting BARI Tomato-3 
V2 Gou Non-grafting BARI Tomato-4 

In parenthesis transformed data have been presented 

Fig. 2. Combined effect of variety and grafting on mortality of tomato 

4 
2 .1 
O+--'-....L-~~~~-'----L----..----,__...- 

V1GO V1G1 V2GO V2G1 V3GO V3G1 
Treatment 
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Fig. 1. Combined effect of variety and grafting on grafting success of tomato 
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4.4 Days to 50°/o flowering 

The results on main effect of scion on rootstock for days to 50% 

flowering have been presented in Table-3. Among the tomato varieties under 

study BARI Tomato-4 and BARI Tomato-6 took 47 days and 48 days 

With regards to combined effect significant variation was found among 

the di ITerent treatment combinations for plant height. Tallest plant height 

( 112.30 cm) was recorded from the treatment combination of graft with BARI 

Tomato-4 and the shortest plant was observed (92.89cm) from non-grafted 

BARI tomato 4 (Fig. 3). 

The non-grafted and grafted plants showed a significant variation in 

plant height (Table-3). Tallest plant (103.07 cm) was observed in grafted 

plants. The shortest plant height ( l 00.25 cm) was observed in non-grafted 

plants. Ibrahim ( 1996) observed the same result in non-grafted plants. 

ln case of tomato varieties significant variation was found among the 

varieties. The tallest plant height (110.45 cm) was recorded in BARI Tomato-4. 

The shortest plant height was (95.06 cm) observed in BARI Tomato-3 

(Tablc-3). 

4.3 Plant height at last harvest 
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When grafting was made among the varieties significant variation was 

found (Table-3). As evident from the results, it was found that non-grafted 

plants took minimum time ( 46 days after plantation) for 50% flowering. On the 

other hand, the grafted plants took 53 days for 50% flowering. 

ln case of combined effect significant variation was found among the 

different treatment combination for 50% flowering (Fig - 4). 

same. 

respectively for 50% flowering. But BARI Tomato-3 took 51 days for the 
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V2 G1-Grafting BARI Tomato-4 
V3 G0• Non-grafting BARI Tomato-6 
V3 G1-Grafting BARI Tomato- 6 

V1 Go-Non-grafting BARI Tomato-3 
V1 G1-Grafting BARI Tomato-3 
V2 G°'" Non-grafting BARI Tomato-4 

In parenthesis transformed data have been presented 

Fig. 4. Combined effect of variety and grafting on flowering of tomato. 

V1 GO V1 G1 V2GO V2G1 V3GO V3G1 
Treatments 
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g> 50 
·c: 
; 40 
0 
i;:: *' 30 - 
0 
I() 20 
0 - ~ 10 
ca Co~--~- 

Fig. 3. Combined effect of variety and grafting on plant height of tomato 
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Generally grafted plants had a tendency of delay in flowering, fruit set 

and harvesting compared to non grafted plants. This might be due to the 

transplanting shocks during grafting. Matasuzoe et al. (1990) and Ali (1994) 

also reported the same observation. 

There was significant interaction effect among the different treatment 

combinations in respect of harvest (Fig. 5). 

It was revealed from the result (Table 3) that the duration of fruit harvest 

was significantly longer in grafted plants than those of non-grat1ed plants. The 

grafted plants required 76.22 day for harvesting whereas non grafted plants 

required 70.17 days for harvesting. 

The main effect of varieties on days to harvest was found significant 

(Table 3). The results indicated that 79.74 days were needed to harvest BARI 

Tomato-6 where as the fruits were harvested from BARI Tomato-3 and BARI 

Tomato-4 at 68.67 and 71.18 days after planting of seedling respectively (Table 

l ). Among the varieties BARI Tomato- 6 had the inheritance trait to delay 

flowering and fruiting. 

4.5 Days to harvest 
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Y1 = BAR.1 Tomato-3, V2 = BARI Tomato-4, V3= BARI Tomato-6 , G0= 
Control G1= Grafting. 

In parenthesis transformed data have been presented. 

Treatment Plant Days to Days to 

height at 50°/o harvest 

last flowering 

harvest 

(cm) 

v, 95.06c 5 l.44a 68.67c 

V2 l l 0.45a 47.48b 71.18b 

V3 99.47b 48.85b 79.74a 

LSD 0.05 2.77 1.77 2.35 

CV% 2.12 2.79 2.5 

Go 100.25b 46.23b 70. l 7b 

G1 l03.07a 52.63a 76.22a 

LSD 0.05 3.92 2.51 3.33 

CY% 2.12 2.79 2.5 

Table 3. Main effect of variety and grafting on plant height, flowering and 
days to harvest of tomato. 
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V2 G1=Grafting BARI Tomato-4 
V3 Go=Non-grafting BARI Tomato-6 
V3 G1~ Grafting BARI Tomato- 6 

V1 G1r- Non-grafting BARJ Tomato-J 
V1 G1~Grafting BARJ Tomato-S 
V2 G0; Non-grafting BARJ Tomato-4 

In parenthesis transformed data have been presented 

tomato 

Fig. 5. Combined effect of variety and grafting on time of harvest of 

V1GO V1G1 V2GO V2G1 V3GO V3G1 
Treatments 
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Significant difference in fruit diameter among the tomato varieties was 

recorded (Table 4). BARI Tomato-6 showed highest fruit diameter 5.74 cm and 

BARI Tomato- 4 showed the lowest fruit diameter 3.30 cm. 

4. 7 Fruit diameter 

As regards combined effect, significant variation was found among the 

different treatment combinations for fruit length (Table-5). The highest fruit 

length was 5.41 cm found from grafting with BARI Tomato-3 and the lowest 

3.88 cm showed in non grafting BAR.I Tomato-4. 

In case of grafting there was no significant variation among the grafted 

and non grafted plants in respect of fruit length (Table-4.) The maximum fruit 

length (4.93 cm) was obtained from grafted while the minimum (4.84 cm) was 

recorded from non grafted plants. 

In case of main effect of varieties on fruit length significant variation 

was found. (Table-4). The results indicated that the highest fruit length was 

observed in BARI Tomato-3 which was statistically similar in BARI Tomato-6. 

The lowest fruit length 4.02 cm was observed to BARI Tomato- 4. 

4.6 Fruit length 
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The maximum number of fruit (24.34) was harvested from grafted plants 

whereas minimum number (22.67) was obtained from non-grafted tomato 

plants (Table 4). Similar results were also obtained by Kader et al. (1967) who 

reported that grafting increased the total number of fruits by 28 to 58%. 

The number of fruits per plant of diITerent varieties exhibited significant 

variation (Table 4). The maximum number of fruit (26.06) was obtained from 

BARI Tomato-6. The lowest number of fruits per plant (21.10) was recorded 

from BARI Tomato-4. 

4.8 Fruits per plant 

In case of combined effect significant variation was found among the 

different treatment combinations for fruit diameter (Table-5). The maximum 

fruit diameter 5.78 cm was recorded from grafting BARI Tomato-6 and the 

minimum 3.02 cm was found from non grafting BARI Tomato-4. 

Significant variation was found among the grafted and non-grafted 

plants in case of fruit diameter. The maximwn fruit diameter 4.83 cm was 

found from grafted plant while the minimum 4.58 cm was obtained from non 

grafted plant (Table-4). 
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The variation in individual fruit weight was found significant in 

different tomato varieties. The maximum fruit weight (68.84gm) was recorded 

in BARI Tomato-3. The lowest fruit weight (33.70 gm) was obtained from 

BARI Tomato-4 (Table-4). This difference was probably due to genetic 

potentialities of the varieties. 

4.9 Individual fruit weight 

The results on combined effect of varieties and rootstock in this respect 

were found significant (Table-5). The maximum number of fruit per plant 

26. l 5 was obtained from grafting BAIU Tomato-6 while the minimum 19.88 

was found from non grafting BARJ Tomato-4. 
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In parenthesis transformed data have been presented. 

Y1 =BARI Tomato-3, Y2 = BARJ Tomato-4, V3= BARI Tomato-6 

G0- Control (non-grafting), G1= Grafting. 

Fruit Fruit Number Individual TSS (o/o) 

Treatment length diameter of fruits I fruit (Total 

(cm) (cm) plant weight (g) Soluble 

Solids) 

Y1 5.38a 5.08b 23.35b 68.84a 4.25b 

Y2 4.02b 3.30c 21.1 Oc 33.70c 4.57a 

Y3 5.24a 5.74a 26.06a 66.75b 4.32ab 

LSD 0.05 0.32 0.29 1.02 8.973 0.26 

CY% 5.08 4.89 3.39 12.74 4.61 

Go 4.84 4.58 22.67b 55.22b 4.26 

G1 4.92 4.83 24.34a 57.63 4.49 

LSD 0.05 0.45 0.41 1.44 1.34 0.368 

CY% 5.08 4.89 3.39 12.74 4.61 

Table 4. Main effect of variety and grafting on fruit characters on the yield 

of tomato. 
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There was no significant diITcrcnce between grafted and non-grafted 

plant (Tnblc-4) 

The results of main efTcct of varieties were found significant. The 

highest TSS (4.57%) was recorded from BARI Tomato-4 which was 

statistically similar to BARI Tomato-6 (Tablc-4). 

4.10 Total soluble solids (TSS) 

The result of combined effect indicated significant response of 

individual fruit weight. The largest fruit weight (70.39 gm) was obtained from 

the treatment combination of 13ARI Tornato-J grafted on S. sisymbriifolium. 

While the lowest fruit weight was found in non grafted plants (Table-S) 

There was no significant difference among the grafted and non-grafted plants. 

The highest fruit weight (57.63 gm) was found in grafted plants. It was 

revealed that heavier fruits were produced from grafted plants compared to 

non-grafted plants. Since the fruits produced from grafted plants contained 

higher dry matter than that of non-grafted. Hence, single fruit weight was 

increased proportionally. 
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In overall observation it was found that grafted plants were high yielder 

than non-grafted plants when tomato plants was grafted on S. sisymbriifolium. 

The present study is in support of the views of Mastodon. et al. ( 1990) and Ali 

( 1993) who got wilt free and the higher fruit yield in tomato when grafted on S. 

sisymbriifolium root stock. 

The result of combined effect showed significant influence on TSS 

(Table-S). There was significant variation between all the treatments. The 

maximum TSS 4.62 was recorded from grafting BARI Tomao-4 while the 

minimum was recorded from non grafting BARI Tomato-3. 
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V3 G2=Grafling BARI Tomato- 6 

In parenthesis transformed data have been presented 

V 1 Go= Non-grafting BARl Tomato-3 

V 1 G1 Grafting BARI Tomato-3 

V2 G0• Non-grafting BARI Tomato-4 

V2 G1_ Grafting BARI Tomato-4 

V3 G0 Non-grafting BARI Tomato-6 

Fruit Fruit Fruits I Individual TSS (0/o) 

Treatment length diameter plant (no) fruit (Total 

(cm) (cm) weight (g) Soluble 

Solids) 

V1Go 5.35a 5.0lb 22.14c 67.28b 4.06b 

V1G1 5.4 la 5.14b 24.57b 70.39a 4.44ab 

V2Go 3.88b 3.02d 19.88d 32.55e 4.52a 

V2G1 4.16b 3.58c 22.3 le 34.85d 4.62a 

V3Go 5.29a 5.7 la 25.98ab 65.16c 4.22ab 

V3G1 5.2a 5.78a 26. l5a 67.64b 4.4lab 

LSD at 0.05% 0.45 0.4 l 1.45 12.69 0.36 

CV(%) 5.08 4.89 3.39 12.74 4.61 

Table 5. Combined effect of variety and grafting on fruit characters of 

tomato. 
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The interaction effect between varieties and grafting was found 

significant. The result presented in Fig-6 showed that due to combined effect of 

varieties and rootstocks, the highest yield ( l. 76 kg) was obtained from BARI 

Tomato - 6 in grafting condition while the lowest yield (0.64 kg) was recorded 

in BARI Tomato - 4 in control condition. 

There was significant variation in yield per plant due to varietals 

influence. The maximum yield per plant (1.73 kg) was recorded from BARI 

Tomato- 6. The lowest yield (0.71 kg) was obtained from BARl Tomato -4 

(Table- 6).This finding was in agreement with the findings of Hosain(2000) 

who got the lowest yield while working with BARl Tomato - 4 . 

The main effect of rootstocks on yield per plant revealed that there was 

significant variation among the different treatments (Table 6). The higher yield 

( 1.42 kg) was observed when BARI Tomato 6 was grafted and the lowest yield 

(I .28 kg) was obtained from non-grafted plants. In general, the yield obtained 

from grafted plants was found higher than that of the non-grafted plants. 

4.11 Yield per plant 
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The combined effect on yield per hectare indicated that 13A1U Tomato - 

6 gave the highest yield (79.74 t/ha) when grafted and the lowest yield (72.98 

t/ha) ' as received from the same variety without grafting. Maximum yield 

(35.02 t/ha) was obtained from the grafted plants while the lowest yield (30.91 

t/ha) was noted from non-grafted plants (fig. 7). 

The results of main effect of rootstocks revealed that the total yield per 

hectare was influenced by rootstock with significant variation. Grafted tomato 

plant gave the highest yield (64.32 t/ha) and the lowest yield (59.14 t/ha) was 

recorded in non-grafted plants. Kill and Jaksch ( 1998) showed that yield 

increases 15-35% in grafted plant compared to the yield of tomato plants 

without grafting. 

The yield of tomato per hectare was significantly influenced by the main 

effect of varieties used. When the yield of tomato per plot was converted into 

yield per hectare, BARl Tomato-6 produced the highest yield 76.36 ton/ha 

which was statistically similar to BARI Tomato-3 .. The lowest yield was 

obtained from BARI Tomato-4 (Tablc-6). It might be due to genetic 

potentialities of the varieties studied. 

4.12 Yield per hectare 



50 

In parenthesis transformed data have been presented. 

V1 =BARI Tomato-3, V2 = BAR1 Tomato-4, V3= BARI Tomato-6 

G0= Control, G 1= Grafting. 

Yield Per Yield per 

Treatment Plant (kg) ba(ton) 

v. l .6lb 75.87a 

V2 0.7lc 32.97b 

V3 l.73a 76.36a 

LSD 0.05 0.07 5.62 

CV% 4.33 7.08 

Go l.28b 59.14b 

G1 l.42a 64.32a 

LSD 0.05 0.057 7.95 

CV% 4.33 7.08 

Table 6. Main effect of variety and grafting on the yield of tomato. 
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V2 G1-Grafting BARI Tomato-4 
V3 G0= Non-grafting BARI Tomato-6 
V3 G1~Grafting BARI Tomato- 6 

V 1 G<P- Non-grafting BARI Tomato-3 
V1 G1=Grafting BARI Tomato-3 
V2 Go= Non-grafting BARI Tomato-4 

Fig. 7 Combined effect of variety and grafting on yield (per hectare) of 
tomato. 

In parenthesis transformed data have been presented 

V1GO V1G1 V2GO V2G1 V3GO V3G1 
Treatments 
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Fig. 6 Combined effect of variety and grafting on yield (per plant) of 
tomato. 
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The result on grafting on the incidence of wilt has been shown in Fig. 9. 

The highest percentage of wilt incidence (31.53%) was found in non-grafted 

condition. I Iossain et al. ( 1999) reported that incidence of bacterial wilt 

occurred from 3.33 to 36.76% in tomato in non-grafted condition. This finding 

agreed with the results of the present investigation. No wilt incidence was 

found when grafting was made with S. sisymbriifolium. Similar opinion was 

The rate of wilt occurrence in the combined effect of varieties and 

rootstocks in this regard was found significant. In all treatment combination 

tomato grafted with S. sisymbriifolium showed complete resistance to bacterial 

wilt while non grafted plant showed different degree of wilt occurrence. 

The results on incidence of bacterial will revealed that varieties varied 

significantly in this respect. Regarding the rate of disease (wilt) occurence, 

BARI Tomato-6 showed highest (17.93%) incidence which was followed by 

BARI Tomato-3. The lowest incidence (12.78%) was found from BARI 

Tomato-4/. Boro et al. (1996) mentioned that bacterial wilt incidence was 

significantly correlated with soil temperature, air temperature and total rainfall 

but relative humidity had no influence on bacterial wilt incidence which 

endorsed the justification of the present work. Solanum sisymbriifolium was 

completely resistant, even not a single grafted plant was found affected by wilt. 

4.13 Bacterial wilt incidence 
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The result on combined effect indicated significant response of virus 

infestation. Grafted plants showed less virus disease like symptoms compared 

to the non-grafted ones as wild Solanum species arc probably resistant to the 

viruses present in the soil. Akanda ( 1994) reported that the wild Solanum spp. 

Virus infestation was higher (30.81 %) in non-grafted plants as compared 

to grafted ones. Plants grafted on Solanum sisymbriifolium showed better 

performance against virus infestation. 

The main cfTect of varieties on virus infestation was found significant 

(Fig. 8). The results indicated that BARI Toamto-4 showed highest (19.90%) 

virus infestation and BARI Tomato-3 showed lowest (16.26%) virus 

infestation. 

The result on the appearance of virus infestation in both grafted and 

non-grafted plants are presented in table-7. 

4.14 Virus infestation 

also put forward by Ali ( 1991) when tomato was grafted with S. torvum and S. 

sisymbriifoliutn rootstocks. In another investigation same comments were 

made by Mondal et al. (1991) when S. sisymbriifolium were considered as 

rootstock in controlling bacterial wilt. 
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Reduced disease incidence in grafted plants as compared to non-grafted 

ones was also reported by Lum et al. (1976), Mochizuki et al. (1976b) Reboul 

(J 979), Peregrine et al. (1992). Ali et al. ( l 994). Ibrahim ( 1996). 

used as rootstock of tomato and eggplant in controlling wilt diseases caused by 

bacteria and fungi may also be resistant to the viruses occuring soil ( eg. TMV I 

T0MV; T0RSV JfRSV, etc.) Moreover, the wild species may have bio-active 

chemical substances which can resist the viruses and ultimately reduce the 

incidence of the virus diseases of the crop. 
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In parenthesis transformed data have been presented 

V, Go= Non-grafting BARI Tomato-3, V 1 G 1 .. Grafting BARI Tomato-3 

V2 Go" Non-grafting BARI Tomato- 4, V2 G1=Grafting BARI Tomato-4 

V3 Go -e Non-grafting BARJ Tomato-6, V3 G1=Grafting BARI Tomato-6 

Bacterial Virus 

Treatment wilt (0/o) infestation 

(o/o) 

Y1Go 33.16b 26.7lc 

V1G1 O.OOd 5.80d 

V2Go 25.56c 36.46a 

V2G1 O.OOd 3.33e 

V3Go 35.87a 29.24b 

V3G1 O.OOd 6.47d 

LSD at 3.71 1.25 

0.05% 

CV(%) 9.47 3.84 

Table 7. Combined effect of variety and grafting on the bacterial wilt 

incidence and virus infestation of tomato. 
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Go= Control (non grafting) 
G1= Grafting 

V1= BARI Tomato-3 
V2= BARI Tomato-4 
V 3= BARI Tomato-6 

In parenthesis transformed data have been presented 

Fig. 9 Main effect of grafting on the Bacterial wilt incidence and Virus 
infestation of tomato. 

GO G1 
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Fig. 8 Main effect of variety on the Bacterial wilt incidence and Virus 
infestation of tomato. 
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The effect of different varieties on grafting success was found 

significant. The highest percentage of grafting success was obtained using 

BARl Tomato- 6 (46.79%) and BARI Tomato-3 (46.10%). The poorest success 

was observed in BAR.1 Tomato-4. Considering the combined effect of tomato 

varieties BARI Tomato 6 and 3, grafting with S. sisymbriifolium rootstock 

showed highest grafting success. The grafted tomato plants suffered minimal 

The present study was conducted at the Horticulture Research Centre, 

BARJ. Gazipur during the period from October 2004 to April 2005 to study the 

performance of three tomato varieties grafted on Solanum sisymbriifo/ium 

rootstock. The treatment of the experiment consisted of all possible 

combinations of three tomato varieties viz. BAIU Tomato-3, BARI Tomato-4, 

and BAIU Tomato-6 and control where no grafting was done. The experiment 

was laid out in RCBD factorial with three replications. In this study seedlings 

of rootstock and scion were raised and grafting was done at the rootstock. 

Grafted and non-grafted seedlings were transplanted on October 2004 and 

harvesting was done up to April 2005. Data on different parameters were 

recorded and statistically analyzed. 

CHAPTER-5 

SUMMARY AND CONCLUSION 
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The highest fruit length was found in BARI Tomato-3 (5.38 cm) 

followed by BAIU Tomato-6 and the lowest fruit length was observed in BARI 

Tomato-4 ( 4.02 cm). The highest fruit length was found in grafted plants. 

l lighest fruit diameter was found in BA1U Tomato-6 (5.74 cm) and BARI 

Tomato-4 (3.30 cm) showed the lowest fruit diameter. The highest fruits 

diameter was found in grafted plants. The maximum number of fruit per plant 

was obtained from BARI Tomato-6 (26.06) and the minimum number of fruit 

per plant was obtained from BARI Tomato-4 (21. l 0). The maximum number 

of fruit per plant was harvested from grafted plants than that of non-grafted 

plant. The maximum individual fruit weight was recorded in BAIU Tomato-3 

(68.84 gm) and minimum fruit weight was 33.70 gm. The highest fruit weight 

was found in grafted plants. Since the fruits were produced from grafted plants 

these contained higher dry matter than that of non-grafted plant. 

In case of days to 50% flowering it was found that non-grafted plants 

bloomed earlier than grafted ones. The days to first harvest was started earlier 

in the variety BARI Tomato-4 (68.67 days). In the grafted plants harvest was 

delayed by 8-10 days compared to non-grafted plants. This might be due to the 

transplanting shocks during grafting. 

mortality (0.21 %) from the bacterial wilt disease. On the other hand, the non­ 

grafted tomato plants suffered 14% morality from bacterial disease. 
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BARI Tomato-4 ( 19 .90%) showed higher percentage of virus infestation 

and the lowest percentage of virus infestation was recorded in BAIU Tomato-3 

( l 6.26% ). Virus infestation was higher in non-grafted plants as compared lo 

grafted plants. Complete yield was loss of a plant due to virus and wilt diseases 

but it was found to be minimum in non-grafted plants. As a result grafting 

increased fruit yield per unit area. 

The reaction of grafted and non-grafted plants against bacterial wilt was 

tested in field condition. The tomato plants grafted on S. sisymbriifolium 

showed complete resistance against bacterial wilt irrespective of tomato 

varieties whereas non-grafted plants showed vulnerability against this disease 

al different level. Higher percentage of wilt incidence was recorded in BARI 

Tomato-6 (17.93%) followed by BARI Tomato-3 (16.58%) and the lowest in 

BARJ Tomato 4 (12.78%). ln case of combined effect, non-grafted plants 

suffered more from wilt incidence. 

The fruit yield and yield contributing characters were evaluated. The 

highest number of fruits per plant and yield per hectare was obtained from 

grafted plants and the lowest were received from non-grafted plants. Among 

the tomato varieties BARI Tomato-6 and BAIU Tomato-3. produced maximum 

yield when same variety was grafted on S. sisymbriifolium which differed 

significantly from the plants of control treatment. 
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Nutritional composition was studied in respect of TSS. The higher 

percentage of total acid was obtained from grafted plants compared to non­ 

grafted plants resulting in higher yield. 

Conclusion : 

ln case of grafting, the grafted plant showed higher fruit length, fruit diameter, 

days to harvest, fruit per plant and yield per plant compare to non grafted 

planted . The grafted plants showed resistance to bacterial wilt in field 

conditions. The grafted plants had prolonged harvesting period and gave higher 

yield BARI Tomato-3 harvested l l th days earlier than BAIU Tomato -6 and 

others characters such as grafting success, mortality, fruit length, indicidual 

furit weight was the best compare to other cultivates Amoung the Tomato 

cultivars BARI tomato -3 can be treated as the best cultivar that can be grown 

through grafting technique 



Chapter 6 
References 



61 

Ali. M. 1993. Control of wilt and nematode diseases of tomato and eggplant 

through grafting on non-tuberous wild Solanum. Paper presented in the 

workshop on "Research and Development of Vegetable Crops". March 

9-10. IPSA, Gazipur. pp 68-73. 

Ali, M., N. Matsuzoe, II Okubo and K. Fujicda. 1992a. Production and 

characterization of Solanum amphidiploid and their resistance of wilt. 

Scicntia Hort., 45: 181-196. 

Ali. M., 1991, Breeding eggplant rootstock for multiple disease resistance. Ph. 

D. thesis, Laboratory of Horticulture Science, Kyushu University, 

Fukuoka,Japan. 240p. 

AJi, M., N. Matsuzoe, H. Okubo and K. Fujieda. 1990a. Jn vitro induced 

So!anum amphidiploids as rootstock of eggplant and tomatoes. J. 

Japan. Soc. Hort. Sci. 659 (Suppl. 2) : 256-257. 

Alam, M. Z, M. M. Hossain, D. A. M. Choudhury, M. J. Uddin and N. M. N. 

Haque. 1995. Effect of grafting technology on suppression of whitefly 

(Bemisia tabaci Gannadius) disseminating virus diseases in tomato. 

Annals of Bangladesh Agriculture, 5(2): 91-98. 

CHAPTER-6 
REFERENCES 



62 

Boro, L.C., P.K. Gogoi and B.C. Das. 1996. Bacterial wilt of tomato in relation 

to few environmental parameters in Assam. Journal of the Agricul. 

Sci. Soc. North East India, 9(2): 185-186. 

Behme, H. 1954. Investigation on the problem of the genetical significance of 

grafts between genotypicalJy different plants. Z. Pflziicht., 33: 367-418 

(Cited from kallo. 1985. Tomato. Allied Pub. Pvt. Ltd, New Delhi. 4. 
154.) 

Bhuyan, M.A.J. and M.M Haque. 1983. Selection of tomato varieties for winter 

and summer production. Bangladesh Hort., 11:41-43. 

Baldin, P.G. 1952. Hybridization of the tomato. Agrobiology 4:142-145. 

Anonymous. 1996. Year Book of Agricultural Statistics of Bangladesh 1994. 

BBS Statioties Division, Ministry of planning, Dhaka 20p. 

Anonymous. 1980. A VRDC, Final Report. Bangladesh Agr. Res. Council, 

Dhaka, Bangladesh. p.14. 

Ali, M., M. Z. Alam and A. M. Akanda. 1994. Grafting: A technique to control 

soil-borne diseases of tomato and eggplant. IPSA-JAICA publication 

No. 4. Institute of Postgraduate Studies in Agriculture (IPSA), Salna, 

Gazipur, Bangladesh 1 Op. 



63 

Gindrat, D., V. Ducrot and R. Caccia. 1977. Varietal Resistance and Grafting: 

two methods of preventive control for tomato fusarium wilt. Revue 

Suisse de Viticulture Arboriculture Horticulture. 9(3): 109-114. 

Gigard. J. C., J. F. Nicole, J. J. Chcron. A. M. Gaubiac, 0. Huvier, B. Oudord 

and H. Suzor. 1993. Bacterial wilt due to Pseudomonas solanacearum 

in reunion : General status of current research. In: G. L. Hartmen and 

A. C. Hayward (eds.). Proc. Bacterial wilt., Australian Centre Agril. 

Res., 45: 343p. 

Felix. F. 1973. A method of controlling bacterial wilt and elworm on tomatoes. 

Revue Agricole Sucriere Maurce 52(1): 12-14. 

Choudhury, B. 1979. Vegetables (6th Revised Edn.). National Book Trust, New 

Delhi, India. p. 46. 

Cheng, Y. W. and S. E. Chua. 1976. The possible use of grafted tomato brinjal 

plants for tomato production in low land tropics. J. Singapore Primary 
Indus. 3(2): 12-14. 

Chadha, M.L., S.N. Mondal, S.M. Monowar Hossain, S. Ahmed and A.K.M. 

Amzad Hossain. 1992. Techniques for growing tomato under stress 

conditions. In: George kuo, C. (ed.) Proc. Intl. Symp. Adaptation of 

Food Crops. to Temperature and water stress. Asian Vegetables Res. 

and Develop. Ctr., Taiwan. pp. 461-465. 



64 

I lossain, S.M.M. 2000. Important varieties of vegetables and production 

technologies (ln Bcngala), Vegetable Division, HRC, BARI, Gazipur. 

pp. 5-1 l. 

l lossain, M. M., M. H. Rashid and A. U. Ahmed. 1999. Research progress and 

program on disease management of tomato. Paper Presented in the 

Workshop on Advances of Tomato Research in Bangladesh : March 

10, HRC, BARI, Gazipur lOp. 

l lirarta, Y. 1980. Graft induced changes in skin and flesh colour in tomato. J. 

fop. Soc. Hort. Science, 49: 211-216. 

I linata, K. 1986. Eggplant (So/anwn melongena L.) ln:Y.P.S Bajaj (Ed.), 

Biotechnology in Agriculture and Forestry, Springer Verlag, Berlin, 

1 leidelbcrg. 2(1) : 363-370. 

Hartman, G.L., W. F. Hong and T. C. Wang. 1991. Survey of bacterial wilt on 

fresh market hybrid tomatoes in Taiwan. Plant Proc. Bull., 33: 197- 

203. 

Granges-A, G. Pucheu-Plante, A. Leger and V. Produit. 1998. Greenhouse 

tomato cultivation : effect of soil steaming and grafted plants in soil 

infected with corky root. Revue Suisse de Viticulture d. Arboriculture 

- et -d Horticulture. 30(4) : 233-236. (cited from CAB Abstr. 69(1): 

281) 



65 

Kill, K. and T. Jaksch. I 998. Comparison of rootstocks in tomato. Gemuse, 

Munchen, Germany. 34(12): 700-704. 

Kelman, A. I 953. The bacterial wilt caused by Ralstonia solanacearum. North, 

Carolin Agric. Expt. Sta. Tech. Bull., 99: 194. 

Islam. N. 1992. Resistance in Solanum species to Melodogyne incognito and 

pathogenicity and control of the nematode. A thesis submitted to the 

faculty of Agriculture, Bangladesh Agricultural University, 

Mymensingh. 40p. 

Jaw-Fen Wang. I 998. Resistance to bacterial wilt in tomato. Paper presented in 

the seminar on "Advances in Tomato Research in Bangladesh". HRC, 

BARl, Gazipur. 

Iizuka, H., H. Takati, K. Kurihara, T. Suda and F. Hoshono. 1988. The 

integrated control for soil borne diseases of forced tomato. J. Japan 

Gunma Agril. Res. S:SS-58. 

Ibrahim, l\..K.M. 1996. Potentiality of wild Solanum as rootstock of tomato. I\. 

thesis submitted for M.S degree to the institute of Postgraduate Studies 

in Agriculture (IPSA), Salna, Gazipur, Bangladesh. l-3 pp. 

Huang, TI, J. Yuling and Y. Wang. 1999. The selection and investigation of 

tomato disease resistant stocks. China vegetables, 1: 10-12. 

Hsu, S. T. 199 l. Ecology and control of Pseudomonas solanacearum m 

Taiwan. Plant Proc. Bull., 33: 72-79. 



66 

Mondal, S.N., M.A. Khan, M.T. Rahman, M.A. Rashid and S. Nahar. 1991. 

Reaction of eggplant cul ti vars and wild species of Solanum to bacterial 

wilt (Pseudomonas solanaccarum). Aim. Bangladesh Agric., 1(2): 65- 

68. 

Mazollier, C. 1999. Grafting of tomato under protected cultivation. PHM­ 

Rcvue-Horticole. 404:44-48. [(cited from CAB 62(4): 423 (1998)] 

Mayne, A. 1999. Tomato cultivation in the unheated plastic tunnel. Gemuse. 

Munchen, Germany, 35(2): 113-115. ((Cited from CAB abstra., 69(4) 

: 428(1999)]. 

Matsuzoe, N., M. Ali, H. Okubo and K. Fujicda. 1990. Growth behaviour of 

tomato plants grafted on wild relatives of Solanum melongena . J. 

Japan Soc. Hort. Sci. 59 (Suppl. 1): 358-359 (in Japan) 

Lum. K. Y. and H.K. Wong. 1976. Control of bacterial wilt of tomatoes in the 

lowlands through grafting. MARDI Res. Bul1. 4(1): 28-33. 

Lu, M. Q. Y. H. Chen, M. S. Lin and H.P. Chen. 1992. An experiment using 

grafting for control of tomato bacterial wilt. Plant Proection, China, 

18:25. [Cited from CAB abst., 72:(1) 9403 (1993)]. 

Kress, H. 1961. Graft association and resistance of tomato. Research Station 

for Agrobiology and Plant Breeding. Guitzow- Gustrow. pp. 217-222. 



67 

Pudclski, T. and J. Piroj. 1978. The effect of the rootstock KVNF on the 

productivity and health of 7 tomato cultivars. Roczniki Akademii 

Rolniczei Poznaniu Ogrodnictwo. 98(7): 187-195 (in Polish) 

Pirog. J. 1986. Effect of seedling grafting, planting date and cultivar on tomato 

yield. Roczniki Akademii Rolniczei Poznaniu Ogrodnictwo. 165 ( 13) : 

91-106 (in Polish). 

Okuda, T. K., Y. Mori and M. Funaki. 1972. Studies on the grafting culture of 

tomato with special references to the protection from wilt disease. 

Phytopath. Soc., Japan, 1-6 pp. 

Nishiura, Y. Z. Y. Tian, N. Honami, T. Tiara and Y. Wadano. l 999b. A 

technique for viewing the joining condition between scion and stock at 

grafting I. Development of method to detect effective vascular bundles 

of a seedling. Journal of Soc. High Tech. Agric., Japan, 11(1): 35-38. 

Nishiura, Y., N. Honami and T. Taira. 1999a. Development of a new grafting 

method iv : Robotization of grafting operation. Jour. Japanes Soc. of 

Agric. March., 6(6): 103-112. 

Mondal, S. N. 1992. Bacterial wilt resistance in tomato and chilli. Paper 

presented in the SA VERNET joint planning meeting, Dhaka. 

Bangladesh. 



68 

Rcboul, H.J. 1981. Grafting tomatoes in French Polynsia, Agronorniquc 
Tropicale. 36(3) : 299-306 (in French) 

Rcboul, J .L. 1979. Tomatoes. Institute de Recherches Agronomiques 

Tropicales : Market-gradening trails in french poynesia. Summary of 

ten years work (1968-1978). 382-415 (in French). 

Rajcndra, B.R., A.K. Kelenjar and G. Shivashankar. 1975. Grafting behaviour 

between Lycopersicon esculantum var. Marglobe and Solanum spp. (S. 

torvum and S. melongena) Current Sci. 44(3): 105. 

Rashid, M.M. 1999. Shabji Biggan (in Bangali, 211d Ed.), Rashid Publishing 

House, Dhaka-1206. p. 181. 

Rashid, M.A., M.A. Rahman, A.K.M. Ralunan and M.M Hossain. 2000 

Sereening of wild rootstocks, brinjal lines and tomato varieties against 

bacterial wilt. Review of Progress. Activity - II. IPM-CRSP 

(Integrated Pest Management- Collaborative Research Support 

Program), HRC, BARI, Gazipur. 17p. 

Rao. M.V., H.S. Safi and O.P Vijoy. 1976. Reaction of some varieties ofbrinjal 

(Solanwn melongena L.) to Pseudomonas solanacearum. Vegatable 

Science. 3(1): 61-65. 

Purscglovc, J. W. 1974. Tropical Crops (Dicotyledons). Longman, London, 

719p. 



69 

Wang, Y., T.T. Huang and P.S wang. 1998. Study on raising seedling 

technique of grafted tomato. Advances in Horticulture. 2: 388-390. 

Wadano-A; M. Azeta, S. ltotani, A. Kanda, T. Iwaki, T. Taira, Y. Fujii, Y. 

Nishiura, H. Murase, N. H. Horvath, and Z. Szigeti. 1999. Change of 

ascorbic acid level after grafting of tomato seedlings. Proc. 

International Workshop held at Tata. Hyngary, 54: 9-10. 

Vnuckova, V.A. 1962. The specific influence of the root stock on the scion. 

Trud. Inst. Gent. [Cited from Plant Breed Abstr. 33 : 5258]. 

Timm, R.W. and M. Ameen. 1960. Nematodes associated with commercial 

crops in East Pakistan. Agric. Pak. 11 (3): 355-363. 

Talukder, M.J. 1974. Plant diseases in Bangladesh. Bangladesh J. Agric. Res. I 

: 61-86. 

Sumarskaja, M.G. 1958. Vegetative hybrids arising from callus. Agrobiology., 

I : 67-75. 



Chapter 7 
Appendices 



* * = Significant at 5% level of probability 

NS= Not significant 

Source of Degree of Grafting Mortality Plant height Days to Days to Fruit length Fruit 

variation freedom success(%) (%) (cm) 50% harvest diameter 

flowering 

Replication 2 5.996 1.721 21.640 40.463 30.905 I 0.586 0.419 

Variety (A) 2 4.958** 19.271** 377.08** 19.465** 202.114** 3.373** 9.581** 

Grafting (B) 1 38034.65** 855.601** 35.927** 184.384** 164.832** 0.32 0.291 

Interaction 2 4.958** 19.771 ** 6.583** 1.836** 0.425** 0.056 0.102 

(Ax B) 

Error 10 1.33 0.273 4.645 1.90 3.362 0.062 0.053 
' 

Appendix 1: Analysis of variance on the grafting success, mortality, p!ant height, flowering duration of 

harvest, fruit length, fruit diameter, no. of fruit, single fruit weight yield, wilt incidence, virus 

infestation. 
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**=Significant at 5% level of probability 

NS= Not significant 

Source of Degree of Fruit per Individual TSS (%) Yield per Yield per ha Bacterial Virus 
variation freedom plant fruit weight plant (ton) wilt(%) infestation 

(gm) (Kg) (%) 

Replication 2 32.234 168.056 0.324 0.219 797.347 10.654 5.205 

Variety (A) 2 37.130** 2008.102** 0.170** 1.878** 3723.201 ** 42.864** 19.955** 

Grafting (B) 1 12.650** 3.873** 0.227** 0.091 ** 121.057** 4474.579** 2950.656** 

Interaction 2 2.531** 39.647** 0.029** 0.013** 2.901 ** 42.864** 65.039** 

(Ax B) 

Error 10 0.635 48.654 0.041 0.003 19.121 2.230 0.479 

Appendix 1. (Contd.) 



Source: Meterological station, Bangladesh Agricultural Research Institute, Joydebpur, Gazipur. 

'-....){n 

Month Air temperature (°C) Hymidity (%) Rainfall (mm) ~~ - .. ~ 

Maximum Minimum Average fr:-~ 
I -, < ; , ... _ ~ '7 . '::· c 

23.12 27.28 75.25 17.4 
r .- f 

October 04 31.45 - 

November 04 29.60 17.68 23.63 68.5 0.00 

December 04 27.14 14.93 21.03 73.41 0.00 

January 05 24.91 13.02 18.96 72.87 0.08 

February 05 29.15 16.96 23.06 69.07 0.01 

March 05 32.24 21.22 26.73 76.16 17.52 - ""'" 

Appendix 2. Monthly average temperature gelative humidity and rainfall of experimental field during the 

period from October 2004 to march, and 2005. 
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