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INFLUENCE OF DIFFERENT ROOTSTOCKS ON GRAFTING 

COMPATIBILITY WITH SUMMER TOMATO 

 

ABSTRACT 

A field experiment was carried out at the research field of Olericulture Division, 

Horticulture Research Centre (HRC), Bangladesh Agricultural Research Institute 

(BARI), Gazipur during the period from April, 2019 to September, 2019 in order to 

study the resistance level of rootstocks and grafting compatibility with tomato on 

different rootstocks and their field performance during the summer season of 2019. 

The experiment was consisted of seven treatment combinations viz.- T0 = Control 

(non-grafted tomato seedling of BARI hybrid tomato-10); T1 = Grafted seedling 

(tomato grafted on S. sisymbriifolium); T2 = Grafted seedling (tomato grafted on    

EG-203); T3 = Grafted seedling (tomato grafted on Khag-1); T4 = Grafted seedling 

(tomato grafted on khag-2); T5 = Grafted seedling (tomato grafted on khag-3);          

T6 = Grafted seedling (tomato grafted on BARI brinjal-8). The experiment was laid 

out in RCB design with three replications which was set under polytunnels. The 

results revealed that appropriate rootstock is the prerequisite for successful tomato 

production based on the grafting technique. The maximum grafting success (86.15%), 

plant survivability (94.64%), fruit length (7.23 cm), fruit width (5.81 cm), number of 

fruits plant-1 (33.33), average single fruit weight (48.83 g), total soluble solids 

(4.53%), days to first  harvest (98 days) and longer harvesting duration (27.33 days), 

fruit yield plant-1 (1.39 kg), and yield ha-1 (44.02 tons) was obtained from T6 (tomato 

grafted on BARI brinjal-8) treatment. Among the rootstocks, tomato seedling grafted 

on BARI brinjal-8 showed complete resistance against bacterial wilt and the 

minimum virus infestation 0.00%, 0.00%, 8.00% and 8.00% at 45 DAS, 60 DAS, 75 

DAS and 90 DAS were observed respectively. Considering the growth, yield and 

yield contributing characters, and resistance potentiality against bacterial wilt and 

virus infection in field condition, it was revealed that seedling of BARI hybrid 

tomato-10 grafted on BARI brinjal-8 (T6) was the most suitable rootstock than other 

rootstocks used in the present study for summer tomato production. Hence, tomato 

seedling grafted on BARI brinjal-8 may be a suitable option for successful summer 

tomato production avoiding bacterial wilt disease. 
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CHAPTER 1 

 

INTRODUCTION 

 

Tomato (Solanum lycopersicum L.), under solanaceae family is one of the most 

important and nutritious vegetables in Bangladesh and in the world wide too. It is the 

widely grown popular vegetables in the world owing to its wider adaptability, high 

yielding potential and suitability for a variety of uses for both fresh and processed 

food industries (Meena and Bahadur, 2015). It is an economically important cash crop 

with high demand in the international market (Solieman et al., 2013). Tomato is the 

third ranked vegetable in the world level with a representation of 7.0% of the total 

vegetable production, behind potato and sweet potato (29.0% and 14.0%) respectively 

and it is cultivated on surface approximately 5.0 million hectares with an annual 

production of 170.0 million tons and an output of 34.0 tons ha-1. China is the first 

tomato producer country; it produces 52.0 million tons on a surface of 1.0 million 

hectares (FAO, 2014). 

 

Nutritionally, tomato is a good source of vitamins, minerals, essential amino acids, 

sugars and dietary fibres. Its vitamin C content is particularly high and is an excellent 

source of lycopene, a powerful antioxidant with anti-carcinogenic potential     

(Dagade et al., 2015). Its balanced mixture of minerals, vitamins, antioxidants and 

carbohydrates earns it an excellent nutritional profile (Tasnia et al., 2015).  

 

In Bangladesh, Recent statistics showed that tomato was grown in 28206 ha of land 

and the total production was approximately 388 thousand metric tons in 2019 and 

about 6.10% area is under tomato cultivation both in winter and summer (BBS, 2019).  

However, the yield of the crop is very low compared to those obtained in some 

advanced country (Hossain et al., 2019). In Bangladesh congenial atmosphere 

remains for tomato production during low temperature winter season that is early 

November is the best time for tomato planting in our country (Hossain et al., 1986). 

Usually, it is sown in October- November and harvesting is mostly confined to the 

months from January to March. But, tomato cultivation during summer season 

(March-November) is constrained due to adverse weather along with absence of heat 
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tolerant and wilt resistant varieties. Simultaneously its production is also severely 

limited by an important soil borne pathogen, Ralstonia solanacearum, and the causal 

organism of bacterial wilt (Mondal, 1992; Bhuyan and Haque, 1983). The disease 

causes severe yield loss of tomatoes in many tropical and sub-tropical countries 

(Kelman, 1953). Only a few specific bacterial wilt surveys have been done in 

Bangladesh. In Taiwan, on an average 29.0% of hybrid tomato varieties are affected 

by this disease (Hartmen et al., 1991). The magnitude of wilt incidence is much 

higher in summer- humid compared to winter season. Once the plants are affected by 

wilting organisms, it dies invariably and this disease may attack the plants at any 

stage of development. 

 

In Bangladesh, there is a great demand for summer tomato but its production is 

affected by bacterial wilt. Even at the flowering stage complete crop failure may 

occur due to bacterial wilt incidence (Rahman and Hoque, 1986). Hossain et al. 

(1999) observed that incidence or bacterial wilt ranged from 3.33 to 36.76% in 

tomato. The bacterium has wide host range and the extent of crop damage due to 

bacterial will varies greatly depending upon the bacterial strain, host variety, 

geographical region and the population of the bacteria in the soil (Hsu, 1991). High 

temperature and soil moisture are also the major factors for the development of 

bacterial wilt. It is found that problem of this disease is common in high lands which 

are not flooded and under continuous cultivation of Solanaceous crops without crop 

rotation. In case of tomato, this acute problem occurs commonly in kitchen gardens, 

which are usually non-flooded areas. It has been observed that due to wilt problems in 

some cases 100% of the tomato plants are died in kitchen gardens as has been stated 

by Ali (1993). 

 

In controlling soil borne diseases (wilting), two traditional methods exist: i) soil 

sterilization by using chemicals or solarization, and ii) use of resistant varieties. Many 

efforts are being given worldwide to develop resistant varieties but such tomato 

varieties have not been developed yet. However, considering the increasing demand 

of summer tomato among the people of Bangladesh and to make available during 

summer, BARI has developed four heat tolerant hybrid tomato varieties so far. These 

varieties are being popularized day by day among the tomato growers. But, its 

production is severely constrained by several diseases, insect and mites. The major 
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soil borne diseases are bacterial wilt, virus, root knot nematode and blights while 

pests include fruit borer armyworm, leaf miner etc. Among the diseases bacterial wilt 

considered to be number one threat for producing tomato during summer season in 

Bangladesh. It is also observed to be location specific. The location specificity may be 

due to the diversity of the pathogen strains, environments (temperature, soil property, 

or inoculum density etc.) and their interactions (Jaw, 1998). The yield of tomato is 

very low compared to other tomato growing countries that constrained by due to lack 

of good variety and pest and diseases problem as mentioned above. This poor yield 

may be increased by adding high yielding new tomato variety and by combating 

bacteria, insect, pest and diseases infestation problem. To protect the crop from 

insects and diseases during summer season production, growers are frequently and 

indiscriminately used toxic pesticide in their field which resulted poisonous tomato 

fruit that responsible for health hazard and wasting money. Only resistant variety is 

reliable tool to combat this problem but still such variety is not available in the world. 

Therefore, as alternate means or as an innovative technique- grafting technology 

(grafting of cultivable tomato variety onto wild rootstock) may be a good option 

considered to combat the problem caused by soil-borne diseases (Oda 1999;        

Hasna et al., 2009). It is also used to improve resistance to abiotic stresses such as 

salinity, drought, heat and low soil temperature, and enhance the uptake of nutrients 

and water (Mohammed et al., 2009). 

 

Different types of rootstocks have been used for performing grafting techniques. But, 

intraspecific grafting has been common in vegetable production due to higher 

compatibility in comparison to interspecific grafting (Davis et al., 2008; Rivard and 

Louws, 2008, cited by Petran and Hoover, 2014). It also leads to enhanced resistance 

to various environmental pressures such as flood, drought, cold, heat and pathogen 

stresses (Petran and Hoover, 2014). The possibilities of these rootstocks in providing 

prospective benefits are enormous. For instance, a wide range of resistance or 

tolerance to diseases, abiotic stress, and high yielding and fruit quality with long shelf 

life may be obtained (Oda, 2002; Lee and Oda, 2003; Kubota et al., 2008). In recent 

times, S. melongena, (eggplants) and its close relatives have been identified as 

potential and effective rootstocks for grafting tomatoes (Gisbert et al., 2011). On the 

other hand, BARI has used S. sysmbriifolium, S. torvum and S. melongena as 

rootstocks for grafting purpose in tomato and brinjal. But due to degenerating trends 
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of resistance level against bacterial wilt and root knot nematode diseases, it is prime 

need to find out alternate resistant rootstocks to control above problems. Therefore, 

the present study has been undertaken having six rootstocks to fulfill the following 

objectives: 

 

• To assess grafting success and survivability of grafted seedlings; 

• To assess grafting compatibility and field performance; and 

• To select suitable rootstock for summer tomato grafting. 
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CHAPTER 2 

REVIEW OF LITERATURE 

According to Shankara et al. (2005) tomato originated from the South American 

Andes Region. Tomato is an herbaceous tropical perennial plant grown as an annual 

crop for its fruits, destined for both fresh and processing market. It is highly 

productive and economically valuable commodity worldwide. For all scales of 

commercial farmers it is an important cash crop (Shankara et al., 2005). Tomato has 

gained tremendous popularity over the last century, being cultivated practically in 

every country under greenhouse, nethouse and field conditions (Wener, 2016). 

Tomato plays a vital role in contributing to a healthy, well-balanced diet due to its 

high nutritional status. Wener (2016) stated that tomato is rich in minerals, vitamins, 

essential amino acids, sugars and dietary fibres. For this reason, it is one of the major 

ingredients in numerous dishes and products. Tomato contains much vitamin A, B and 

C, iron and phosphorus (Shankara et al., 2005). It also contains antioxidants like 

lycopene and beta-carotene compounds that protect cells against carcinogenic 

substances (Dagade et al., 2015; Tasnia et al., 2015). Bawa (2016) stated that the 

commodity is consumed fresh in salads or cooked in sauces, soup and meat or fish 

dishes. It is processed into a variety of products like chutney, juices, purées, ketchup, 

and paste (Tasnia et al., 2015). 

2.1 Grafting technology  

2.1.1 Origin and evolution of grafting technology  

According to Savvas et al. (2010), grafting is defined as a deliberate fusion of two or 

more living plant parts so that vascular continuity is established between them and the 

resultant genetically composite organism functions as a single plant. 

The part which provides the root system is called a rootstock. On the other hand the 

part which provides aerial part is called scion. The fusion permits the grower to 

combine a scion possessing desirable fruit producing traits with a rootstock that may 

be resistant to a multitude of abiotic and biotic stresses, resulting in a more productive 

plant (Petran and Hoover, 2014). Traditionally, grafting was limited to woody 

perennial species that did not root well from vegetative cuttings.  
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Grafting for vegetable production was first practiced in Japan and Korea in the early 

20th century when watermelon (Citrullus lanatus) was grafted onto squash rootstock 

(Cucurbita moschata) to manage fusarium wilt (Rivero et al., 2003; Kubota et al., 

2008; King et al., 2010).  

 

Grafting was (Research on Cucumis sativus L.) started in the late 1920s, though wider 

commercial applications could only be realized in the 1960s (Sakata et al., 2008). Oda 

(1998) reported that the first grafting of Solanaceae family was recorded in eggplant 

(Solanum melongena L.) grafted on scarlet eggplant (Solanum integrifolium P.) in the 

1950s. Furthermore, tomato grafting was introduced commercially in the 1960s (Lee 

and Oda, 2003; Bletsos and Olympios, 2008). 

 

Turhan et al. (2011) observed that grafting in vegetable production systems has since 

been exploited to control such pathogens as other fungi, oomycetes, bacteria, 

nematodes and viruses in vegetable producing areas dominated by monocropping and 

intensive cultivation. 

 

Grafting has been adopted as a major component of an integrated program in the 

Mediterranean regions to manage soilborne pathogens (Rivard and Louws, 2008). 

According to Lee et al. (2010), the technology was introduced to western countries in 

the early 1990s, initially in response to a need to grow residue free produce and due to 

the phasing out of Methyl bromide (Besri, 2003). Bletsos and Olympios (2008) stated 

that the other rationale for grafting was the increasing demand for produce grown 

under organic and Integrated Pest Management systems (IPM).  

 

From a study carried by Lee (1994), the increasing advantages of grafting coupled 

with its possible application in commercial vegetable production have led to 

employment of this technology beyond disease management. That encloses grafting 

for tolerance against high and low temperatures, flood, (Black et al., 2003; King et al., 

2010) salinity, drought, heavy metals, enhanced growth vigour, yield and quality, 

amongst others. 
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Now-a-days grafting is a common practice in many countries of Europe, the Middle 

East, Central America, Northern Africa, and other parts of Asia (Kubota et al., 2008). 

Today 59% and 81% of Japanese and Korean vegetables respectively are produced on 

grafted plants (Rivero et al., 2003). For many greenhouse operations, vegetable 

grafting has been a standard procedure (Rodriquez and Bosland, 2010). Meanwhile 

the technology has also gained popularity under open field conditions (Rodriquez and 

Bosland, 2010) and further research is still underway to evaluate its application there 

under (Kubota et al., 2008). 

2.1.2 Grafting techniques applicable to vegetables  

Bletsos and Olympios (2008) revealed that grafting methods applicable to vegetables 

including tomato are tube grafting, tongue approach grafting, hole insertion grafting, 

cleft grafting and horizontal pin grafting. A grafting method to be involved varies 

with the kind of crop being grafted, preferences and experience of growers (Lee et al., 

2010) and the kind of grafting machines or robots available. Marsic and Osvald 

(2004) observed that the most common methods for grafting fruit vegetables are tube, 

tongue approach and cleft grafting. In particular, eggplants and tomato are grafted 

mainly by conventional cleft and tube grafting methods. 

Cleft grafting has been used in cucurbits for a while, however its use is usually 

confined to solanaceous crops (Lee et al., 2010). Marsic and Osvald (2004) 

experimented and revealed, a 100% survival rate of tomato cultivar “Monroe” grafted 

onto “Beaufort” and “PG3” tomato rootstocks with cleft grafting while “Belle” on the 

same rootstocks resulted in 92% and 93% survival rate, respectively. 

2.2 Grafting materials  

According to Lee et al. (2010), a number of grafting tools to facilitate automated and 

manual grafting are available though most of them are not widely used by commercial 

growers. Grafting clips, tubes, tapes, and pins are some such grafting aids. Plastic 

clips with circular springs have been most extensively used for tongue approach and 

splice grafting techniques in cucurbits and other crops. Specially designed blade, 

knives, and hole insertion equipment have been manufactured for manual grafting 

(Bletsos and Olympios, 2008). 
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2.3 Sowing scheduling for grafting  

Stem diameters of rootstocks and scions must be of comparable sizes for successful 

alignment of cambiums (Johnson et al., 2011b; Rivard and Louws, 2011; Miles et al., 

2013), depending on the grafting method to be involved. This necessitates well 

thought out sowing scheduling of a scion and a rootstock involved. Black et al. (2003) 

stated that the relative duration to emergence and growth rate of rootstock and scion 

seedlings strongly influences sowing and grafting schedules. Most fresh market 

tomato lines germinate in two to three days while eggplant needs up to six days at 21 

to 24ºC. As such AVRDC generally sows eggplant seeds three days before sowing 

tomato scions. Seed of the scions and rootstocks are sown on the same day, when 

tomato is to be grafted onto tomato rootstocks.  

Miles et al. (2013) suggested that more seed than necessary should be sown to secure 

a greater selection for matching stem diameters and to account for less than 100% 

grafting success rates (Rivard et al., 2010; Johnson et al., 2011b). Plants are ready for 

grafting when they attain two to four true leaves (Black et al., 2003; Johnson et al., 

2011b). 

2.4 Grafting process  

Bletsos and Olympios (2008) noticed that the grafting process constitutes rootstock 

and scion selection, application of the grafting technique, healing of the graft union, 

evaluation of graft success and acclimatization (hardening off) of grafts;                       

(Lee et al., 2010). 

2.4.1 Rootstock selection  

It was reported that rootstock selection is the single most important step in grafting 

tomato for disease resistance (Rivard and Louws, 2011). A suitable rootstock is one 

that is compatible with a scion under question, resists abiotic and biotic stresses, 

enhances scion growth, yield and fruit quality (Bletsos and Olympios, 2008; Savvas  

et al., 2009). According to Bumgarner and Kleinhenz (2015), selection of rootstocks 

should also be based on suitability for growing seasons, climate and growing 

conditions. 
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2.4.2 Application of grafting technique  

Both scion and rootstock seedlings must be watered 12–24 hours before grafting 

(Johnson et al., 2011b; Miles et al., 2013). The inside surfaces of the healing chamber 

should be misted with water a day before grafting to raise relative humidity to 95% 

before grafts are placed inside (Johnson et al., 2011a; Ozores-Hampton and Frasca, 

2013).  

Rivard and Louws, (2011) suggested that grafting should be done in a shady, wind 

free place and during the cooler part of a day to reduce wilting of grafts. Hands and 

working places should be cleaned with anti-microbial detergents and hand latex 

gloves and sterile tools should be used to reduce exposure of plants to pathogenic 

viruses, bacteria and fungi. 

2.4.3 Healing of graft union  

Ozores-Hampton and Frasca (2013) stated that the rootstock must establish vascular 

connection which is the most critical part of the healing process in grafted vegetable 

transplants. 

 

In several experiments, it was noticed that a complete vascular connection takes 

approximately five to eight days, during which water translocation to the scion is still 

not enabled (Fernández-García et al., 2004; Johnson et al., 2011a cited by Ozores-

Hampton and Frasca, 2013). This requires that environmental conditions be managed 

properly to check graft desiccation. As such grafts are adopted in a low light intensity 

healing chamber at 25-32◦C and 85-100 % relative humidity for four to seven days 

(Black et al., 2003; Kubota et al., 2008). For this purpose 95% relative humidity is 

considered optimum (Lee, 2007; Oda, 2007) and should be maintained throughout the 

whole healing process. For the healing process this stipulated temperature range 

stimulates cell division (Lee, 2007). Misting, instead of direct water application to 

grafts is involved to prevent diseases, necrotic tissue formation and graft failure 

(Johnson et al., 2011b).  
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2.4.4 Acclimatization of grafts  

It was reported that approach to acclimatization depends on the prevailing 

environmental conditions. On the fifth day, the healing chamber should be opened for 

about 30 minutes, and chamber’s surfaces and grafts misted if necessary (Miles et al., 

2013). The chamber should be opened on the sixth day for two to four hours. Grafts 

can be removed on the seventh day from the healing chamber (Ozores-Hampton and 

Frasca, 2013). Grafts should then be adopted in the greenhouse for five to 10 days and 

before transferring them outside for three to five days for further hardening off (Miles 

et al., 2013). Five days after grafting the major hydraulic connections within the graft 

union of tomato becomes functional (Fernández-García et al., 2004). Tamilselvi and 

Pugalendhi (2017) revealed that full healing and functioning takes 14 to 15 days 

thereafter. 

2.4.5 Grafting success 

According to Fernández-García et al. (2004), grafting is considered successful when a 

complete union of the vascular system of a rootstock and a scion is achieved. This 

permits continued transfer of water and nutrients from the rootstock to the scion and 

transfer of photosynthates and growth substances from the scion to the rootstock 

(Bletsos and Olympios, 2008). 

An experiment was conducted by Lee et al. (2010) and suggested that grafting success 

rate is improved when seedlings are grafted at three weeks of age. Tomato grafted at 

58 days had poor development of xylem connections at the graft interface, resulting in 

low stomatal resistance and water potential compared to 34 day old grafts. 

Rivard and Louws (2008) stated that tube grafting has a success rate of 85 to 95% 

attributed to a complete fusion of all vascular bundles of both parts. Similarly, a 

grafting success range of to 86 to 100% between eggplant rootstocks and Tanzania’s 

local tomato cultivars by cleft grafting method has been reported (Msogoya and 

Mamiro, 2016). 

Tamilselvi and Pugalendhi (2017) mentioned that grafting success also requires 

proper alignment of the vascular systems at the graft union. Thus, stem diameters of a 

rootstock and a scion seedling must be of comparable size at the time of grafting.    

Tai et al. (2004) revealed that reduced survival rate of grafts due to differences in 

stem diameter between Cucurbita spp and Cucumis melo. 
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Kubota et al. (2008) suggested that to promote graft success, grafts should be held in 

a low light intensity healing chamber at 25-32◦C and > 85% relative humidity for four 

to seven days before these conditions are gradually reversed during acclimatization. 

Misting should be employed but direct application of water should be avoided 

(Johnson et al., 2011b). It was reported that the formation of trans-union xylem in 

grafted tomato begins between the fourth and eighth day following grafting and is 

fully developed between the 14th and 15th day thereafter (Fernández-García   et al., 

2004; Johnson et al., 2011a cited by Ozores-Hampton and Frasca, 2013). 

Msogoya and Mamiro (2016) observed that intraspecific grafting between rootstock 

Hawaii 7996 and Tanzania’s local tomato cultivars terminated in lower graft success 

of 30-50% at healing stage  

2.5 Transplanting and field management of a grafted vegetable crop  

The graft interface should remain well above the soil line when transplanting. Rivard 

and Louws (2011) mentioned that a graft interface in contact with the soil will result 

into adventitious rooting of a scion into the soil, nullifying any advantages such as 

disease resistance sought from a rootstock. Adventitious roots should be removed 

routinely before reaching the soil (Johnson, 2011a; Miles et al., 2013). Similarly, 

suckers that developed on the rootstock near the cotyledons should be removed 

(Rivard and Louws, 2011). Plants should be staked and pruned to two main stems, 

two to three weeks after transplanting (Black et al., 2003).  

 

2.6 Benefits of vegetable grafting  

From a study carried by Wills et al. (1996), vegetables are high value commodities, 

they are also subject to grave losses, both pre and post-harvest particularly in tropical 

regions. These losses undertake considerable economic and social significance. The 

main causes of such losses are disease outbreaks of bacterial, fungal, and viral 

pathogens. Research has revealed that grafting has a potential to prevent some of 

these diseases (Rivard and Louws, 2011).  

 

Wahb-Allah (2014) reported that environmental stresses constitute some of the most 

important limiting factors for plant growth and horticultural productivity worldwide. 

For that reason, the technology is presently being employed to induce tolerance 

against thermal stresses (Rivero et al., 2003; Schwarz et al., 2010), decrease uptake of 



12 
 

persistent organic pollutants and salt (Colla et al., 2010), resulting in enhanced 

growth, yield and quality. Grafting has also proven to restrain alkalinity stress, 

drought and flooding (Schwarz et al., 2010). 

2.6.1 Grafting to manage biotic stresses  

An experiment was conducted by Davis et al. (2008) where they revealed that  the 

earliest prime purpose for commercial grafting efforts was to manage fusarium wilt in 

watermelon production (Sakata et al., 2008; Louws et al., 2010). Vegetable grafting 

systems has since then rapidly extended to control other pathogens in other cucurbit 

and solanaceous vegetables (Davis et al., 2008; Louws et al., 2010). Khah et al. 

(2006) stated that the accelerated expansion was necessitated by increased pathogen 

inoculum densities due to intensification of production practices and reliance on 

susceptible cultivars to meet specific market demands. Louws et al. (2010) reported 

that global movement and local invasion of novel pathogens, increased use of organic 

practices, rapid adoption of high tunnel production systems, and the loss of methyl 

bromide (MeBr) also contributed to such expansion, thus seeking alternative 

approaches. 

2.6.1.1 Diseases commonly managed by grafting in solanaceae vegetables  

Several experiment showed that some of the diseases successfully controlled by 

grafting in solanaceous and cucurbitaceous crops are bacterial wilt (Ralstonia 

solanacearum), fusarium wilt (F. oxyporum), RKN (Meloidogyne spp.), verticillium 

wilt (Verticillium dahlia), monosporascus sudden wilt (Monosporascus cannonballus) 

and phytophthora blight (Phytophthora capsici) (Bletsos and Olympios, 2008; Davis 

et al., 2008; Guan et al., 2012).  

Islam (1992) has made an experiment In Bangladesh, where 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. integrifoliumand,            

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. 
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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). 

 

In several researches it was reported that wild Solanum species were susceptible to 

complete resistance against bacterial wilt (Yamakawa and Mochizuki, 1978). Almost 

all the wild Solanum species were resistant to Fusarium wilt (Yamakawa and 

Mochizuki, 1979) and S. torvum was resistant to Verticillium wilt (McCammon and 

Honma, 1983). S. foxicarium, S. sisymbriifolium and S. torvum were reported to have 

resistance against nematodes along with resistance to other soil borne diseases, 

especially in the latter two species (Fassuliotis and Bhatt, 1982). It was also reported 

that many of the wild relatives have not yet been investigated for their resistance 

against these pests.  

Hossain et al. (1999) investigated and revealed 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. 

 

According to Bletsos and Olympios (2008), In Morocco, 95% of greenhouse tomato is 

produced on grafted plants due to resistance against Ralstonia solanacearum,            

F. oxyporum f. sp. lycopersici, and F. oxyporum f. sp. Radices lycopersici assured by 

selected rootstocks and therefore ensuring higher yield. AVRDC recommends tomato 

line rootstock Hawaii 7996. Because it gives high resistance to bacterial wilt and 

fusarium wilt while eggplant rootstocks EG190, EG195, EG203 and EG219 are 

resistant to fusarium wilt bacterial wilt and RKN (Black et al., 2003). King et al. 

(2008) reported that grafting against diseases in vegetable production is also 

becoming a common practice in open field conditions and is considered as an 

important IPM package (Besri, 2003; Rivard and Louws 2008; Louws et al., 2010). 
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2.6.1.2 Intraspecific, interspecific grafting and strategies to maintain rootstock 

resistance to diseases  

Louws et al. (2010) stated that grafting to defy diseases may either be intraspecific or 

interspecific. Intraspecific grafting defines as grafting plants of the same species, for 

instance grafting tomato onto tomato. On the other hand, interspecific grafting 

involves grafting plants of different species, as for example eggplant and tomato. 

However, Intraspecific grafting often depends on use of specific major resistance 

genes that maybe overcome by indigenous or novel races of a compatible pathogen.  

 

Intraspecific grafting may be preferred because of its less negative effects on crop 

productivity, fruit quality or graft compatibility (Louws et al., 2010).  

Guan et al. (2012) suggested that single gene-mediated host resistance has been an 

important mechanism to manage fusarium diseases in solanaceous crops. However, 

interspecific and intergeneric rootstock offers multigenic resistance or nonhost 

reactions rendering them broader spectrum and durable. Intergeneric grafting has 

proven to be an effective management approach, mainly in cucurbit crops           

(Louws et al., 2010).  

 

An investigation was carried out by Michel et al. (2010) and revealed, in the absence 

of other IPM tactics resistance of grafted plants may break down under high disease 

pressure, or with evolution of new races and strains. Hence, grafting with resistant 

rootstock is most successful when developed with an understanding of the complex 

nature of diverse biotic agents and in combination with IPM programs (Cohen et al., 

2002 cited by King et al., 2008; Louws et al., 2010). Rivard et al. (2010) reported that 

over-reliance on specific rootstocks also leads to shifts in host specificity of the 

pathogen population. Dependence on rootstocks in the absence of fumigation led to 

resurgence problems with tomato brown root rot caused by Colletotrichum coccodes 

and other pathogens. 

2.6.2 Grafting to manage abiotic stresses  

Fruit vegetable production can be restricted by high temperatures under hot semi-arid 

conditions (Abdelmageed and Gruda, 2009) and during the hot-dry and hot-wet 

season in the tropics (Palada and Wu, 2008). Schwarz et al. (2010) stated that 

supraoptimal temperatures encourage respiration, reduced water and ion 
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uptake/movement, cellular dehydration, reduced photosynthetic rate and consequently 

reduced growth rate. 

 

A study was conducted by Ahmed et al. (1996) and mentioned that high temperature 

had a depressing effect on auxin content and its activity in the reproductive process. 

Therefore, the exogenous application of growth regulating substance had been found 

to influence the endogenous hormones and thus improving the fruit setting process 

under unfavorable temperature. It was also suggested that a commercial crop of 

summer tomato could successfully be produced by spraying tomatotone (2% solution 

using 20 ml tomatotone per liter of water) on the open flowers of heat resistant 

varieties when grown on raised beds under polytunnels.  

Several experiment suggested that grafting onto rootstocks with large and vigorous 

roots can improve water use efficiency (Rivero et al., 2003; Guan et al., 2012) under 

drought conditions and reduces losses in production (García-Sánchez et al., 2007; 

Satisha et al., 2007). Wang et al. (2007) mentioned that eggplant rootstock CV. 

“Yuanqie” grafted onto a heat-tolerant rootstock CV. “Nianmaoquie” leading a 

prolonged growth stage and yield increase of up to 10%.  

 

According to Ahn et al. (1999), low soil temperatures threaten survival of cold 

sensitive plants, inflicting heavy economic losses in yield, due to retarded plant 

growth and development, wilt, necrosis and retarded fruit ripening. This arises from 

limited water and essential mineral nutrients uptake resulting slower leaf initiation 

and expansion rate as well as late crop productivity (Schwarz et al., 2010). On the 

other hand cold-tolerant rootstocks enhance root hydraulic conductance, shrink 

induction of cell wall suberin layers, lipid peroxidation, and stomatal closure (Bloom 

et al., 2004). Both uptake and transport of nitrate and phosphate, increased in figleaf 

gourd rootstocks in response to reduced root-zone temperature (Schwarz et al., 2010). 

2.6.3 Grafting to improve vegetable growth and yield  

According to Savvas et al. (2009), the objectives of grafting have over the years 

expanded beyond disease management to include abiotic stress tolerance, improved 

growth, yield and produce quality. Furthermore, the main purpose for grafting tomato 

in Europe and the USA has been to broaden the harvest season in greenhouse 
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production (King et al., 2010) thereby increasing yield. This offers offseason 

production and caters for a lucrative niche market. 

It was suggested that a vigorous and larger rootstock on a vigorous scion promotes 

absorption and translocation of water and nutrients, encouraging plant growth and 

yield (Davis et al., 2008; Lee et al., 2010; Martinez-Ballesta et al., 2010). Grafting 

vegetables onto vigorous rootstocks under deficit irrigation improve N, K and Mg 

uptake efficiency and use (Rouphael et al., 2008). Colla et al. (2014) reported that 

eggplant rootstocks are more efficient for water uptake than their tomato counterparts 

(because of their dense and extensive root systems) (Bletsos and Olympios, 2008). 

Palada and Wu (2008) mentioned that they are better adapted to hot arid climate, 

performs better under wet conditions and can serve as rootstocks for tomato under 

these conditions to optimize yield.  

 

Black et al. (2003) suggests rootstocks EG195 and EG203 for these circumstances. 

Tomato grafted onto eggplant has a better leaf surface area, greater root and shoot dry 

weight and yield higher at higher temperature (Bletsos and Olympios, 2008). 

Similarly, Al-Harbi et al. (2016) observed a significant increase in stem diameter, 

plant height and shoot fresh weight of grafted tomato as compared to non grafted 

tomato. Khah et al. (2006) also reported an increase in height and yield for open field 

grafted tomato plant.  

 

Harmful agrochemical application can be significantly reduced by using vigorous 

rootstocks, increasing successful production of organically grown fruit set (Lee et al., 

2010; Martinez-Ballesta et al., 2010).  

Pogonyi et al. (2005) stated that higher yield in a grafted crop as opposed to a non-

grafted one results from larger and many fruits per plant. From a study by Turhan      

et al. (2011) mentioned that a higher number of fruit index, fruits per truss, fruit 

weight and fruits per plant of grafted tomato in comparison to controls. Again, 

grafting has also been reported to confer deleterious effects on growth and yield. 

Turhan et al. (2011) and Khah et al. (2006) revealed that grafting tomato onto a 

suitable rootstock has a positive effect on cultivation performance and yield. On the 

other hand, some rootstocks can reduce scion growth and production. For instance, 
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tomato and eggplant grafted onto Datura patula show less growth, lower production 

and smaller fruit size in contrast to self-rooted plants (Bletsos and Olympios, 2008). 

Grafting is also responsible for delay flowering in vegetable crops. Khah et al. (2006) 

also noticed this phenomenon in both greenhouse and open field grafted tomato in 

comparison to controls. Similarly, Ibrahim et al. (2001) stated that more days are 

required for first flowering, first fruit set, and first fruit maturity of grafted tomato 

plants in comparison to ungrafted ones. Ibrahim et al. (2001) also revealed that non-

grafted plants had the maximum plant height at both first and last harvest. 

Hossain et al. (2019) directed an experiment at Hajee Mohammad Danesh Science 

and Technology University, Dinajpur to look at the yield performance of some grafted 

and non-grafted plants. The experiment was consisted based on the four scion-

rootstock combinations such as T0= Tomato-4 (Non-grafted plant), T1 = Tomato-4 

grafted on the Sunchalo rootstock, T2= Tomato-4 grafted on the brinjal rootstock and 

T3 = Tomato-4 grafted on the wild tomato rootstock. The results of the grafted plants 

showed significant variations in all properties compared to non-grafted one except for 

plant height. The grafted plants on the Sunchalo rootstock was found better for a 

number of branches, clusters, fruits per plant, fruit length, diameter and weight rather 

than the other grafted and the non-grafted ones. The individual fruit weight ranges 

from 44.84 (non-grafted) to 57.88 g (grafted with Sunchalo) and the total yield    

(60.87 tons/ha) were found maximum in Sunchalo rootstock. Fruit quality properties 

(i.e. vitamin C, protein, lycopene, and β-carotene contents) were found better with 

Sunchalo rootstock rather than the other treatments. But fruit color, TSS (total soluble 

solids) and phenols content were not affected by the treatments. 

A study was carried by Matsuzoc et al. (1990) noticed 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. Maync (1999) also revealed that tomato 

grafted on vigorous rootstocks and cultivated under tunnel was economic for high 

quality and yield because of longer harvesting period. 
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According to Lu et al. (1992), grafting of the main local tomato varieties with wild 

one gave 100% control of tomato bacterial wilt. Again, it was reported, yields were 

increased 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. 

 A field experiment was done in Turky to evaluate the effects of different grafting 

methods on the success of grafting and yield of eggplant/tomato graft combination. It 

was reported that grafting success was obtained 43.7%, 69.7%, and 83.3% from 

lateral perforation, tongue and cleft grafts, respectively. It was also noticed that 

grafting increased yield by 39-67% and total number of fruits was increased by 58-

28% compared to control (Vuruskan and Yanmaz, 1991). 

Granges et al. (1998) have made a research work in green house to assess the effect of 

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

grafted tomato showed 65% increased yield. Tomatoes from grafted plants had higher 

mineral salt contents but had slightly lower dry matter. However, grafting had no 

influence on vitamin C content. It was also observed that soil steaming enhanced the 

yield of non- grafted plants by 48%, while increasing plant vigor, but did not reduce 

the infection rate, by corky root. 

2.6.4 Grafting to improve quality of vegetable produce  

The principal objective of horticulture has been to enhance the yield for the world 

growing population. According to Rouphael et al. (2010), high quality is even more 

important than total yield, for attaining a competitive edge in modern horticulture. 

This is due to the beneficial role of vegetables in human diet. From a horticultural 

point of view, quality can be referred as the absence of defects or degree of excellence 

or superiority of a produce. It is a combination of those characteristics that 

differentiate produce, and have significance in determining the degree of acceptability 

of those produce to an end user. Rouphael et al. (2010) and Flores et al. (2010) stated 

that quality parameters contain those pertaining to appearance, (size, shape, colour, 

and absence of defects and decay), flavour (sensory properties like sweetness, acidity 

and aroma), firmness and health-related compounds (vitamins, minerals and 

carotenoids).  
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An experiment was carried by Gisbert et al. (2011) and reported that the noticeable 

quality characteristics and composition of a final product of grafted plants should 

remain unchanged or be improved with respect to non-grafted plants. But, conflicting 

reports on changes in fruit quality parameters resulting from grafting have surfaced 

(Davis et al., 2008; Flores et al., 2010; Gisbert et al., 2011) and this may be attributed 

in part to different production environments (air temperature and light intensity), 

production methods (soilless vs. soil culture, irrigation, and fertilization), rootstock-

scion combinations used, and harvest date (Davis et al., 2008; Rouphael et al., 2010). 

It was reported that changes in the scion are controlled by the rootstock through 

controlled uptake and translocation of water, minerals, and plant hormones (Lee and 

Oda, 2003). 
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CHAPTER 3 

MATERIALS AND METHODS 

The present research work was conducted at the Olericulture Division of Horticulture 

Research Centre (HRC), Bangladesh Agricultural Research Institute (BARI), 

Joydebpur, Gazipur, during the period of April, 2019 to September, 2019 to study the 

effect of tomato grafting compatibility with different rootstock and their field 

performance during summer season. This chapter deals with the materials and 

methods in conducting the experiment and has been described under the following 

sub-heading: 

3.1 Experimental site 

The experiment was conducted at the field of Horticulture Research Centre (HRC), 

Bangladesh Agricultural Research Institute (BARI), Gazipur-1702, Bangladesh. The 

experiment was carried out during summer season (April to September, 2019). The 

experimental field was located at 24026 N latitude and 90026 E longitudes at a height 

of 8.4 m above the mean sea level. 

3.2 Climate 

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

locality during the experiment was 345.83 mm. The average minimum and maximum 

temperatures were 24.4 and 35.2 °C respectively. The average relative humidity was 

84.1% during April to September, 2019. The detail meteorological data in respect of 

monthly temperature, rainfall and relative humidity recorded during the period of the 

present study have been presented in Appendix-II. 

3.3 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%. 
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3.4 Planting materials 

Bangladesh Agricultural Research Institute (BARI), Joydebpur developed BARI 

hybrid tomato-10 was used as scion and six rootstocks of solanaceous species viz.                          

S. sisymbriifolium; S. melongena (BARI brinjal-8); EG 203 and three others newly 

collected rootstocks were considered as rootstock. Tomato and rootstock seeds were 

collected from Olericulture Division, Horticulture Research Centre (HRC), 

Bangladesh Agricultural Research Institute (BARI), Gazipur. 

3.5 Treatments of the experiment 

The experiment consisted of following treatments that are represented as below: 

T0= Non-grafted tomato seedling of BARI hybrid tomato-10 (Control); 

T1= Grafted seedling (tomato grafted on Solanum sisymbriifolium);  

T2= Grafted seedling (tomato grafted on EG- 203);  

T3= Grafted seedling (tomato grafted on Khag-1);  

T4= Grafted seedling (tomato grafted on Khag-2);  

T5 = Grafted seedling (tomato grafted on Khag-3); and  

T6 = Grafted seedling (tomato grafted on BARI brinjal-8) 

3.6 Design and layout of the experiment 

The experiment was laid out in Randomized Complete Block Design (RCBD) with 

three replications. A block consisted of 7 unit plots each receiving a treatment 

combination of the experiment. Treatment combinations of the experiment were 

assigned randomly in each block. Thus, the total number of unit plot was 21. The 

number of plant per unit plot was 20. The area of unit plot was 9.15 m2                                 

(3 m x 3.05 m) which was set under polytunnels. The polytunnels were raised up to 30 

cm from the ground level and 2.3 m in width and 20 m in length having 30 cm space 

in between two beds for providing irrigation and cultural operations. 
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3.7 Seedling raising 

3.7.1 Raising of rootstock seedling 

Seeds of rootstocks (S. sisymbriifolium, EG-203, Khag-1, Khag-2, Khag-3 and BARI 

brinjal-8) were sown directly in the seedbed on April 10, 2019. 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 (plate-1) . 

The rootstock seedlings of was ready for grafting at 30-35 days when four to six fully 

opened leaves were developed and the plants were 8 to 10 cm tall. 

3.7.2 Raising of scion seedling 

Seeds of tomato (BARI hybrid tomato-10) were sown directly in the seedbed on April 

28, 2019. The scion seedlings (plate-1) 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. 

3.8 Procedure for grafting 

3.8.1 Rootstock preparation 

• Rootstock in polyethylene bag was held tightly between knees (plate-2a). 

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

blade retaining 1-3 leaves with the stock plant.  

• About 1 cm depth vertical cut was made so that the tip of the rootstock becomes 

two equal parts (plate-2b). 

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

(plate-2c). 
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3.8.2 Scion Preparation 

• Four to five cm long shoot with growing point from the scion seedling was cut 

with the help of a sharp razor blade. 

• Lower leaves were removed from the scion to reduce transpiration. The first 

slanting cut about one cm long on the basal end of the scion was made. 

• A similar cut to the opposite side at the basal end was made such that a ‘ V' or 

‘wedge’ shape was formed at the base of the scion. 

3.8.3 Making the graft and nursing 

• Grafting was performed on May 23, 2019 to May 26, 2019 in a grafting house 

when rootstock and scion seedlings were 28 and 21 days old, respectively. 

• BARI hybrid tomato-10 seedlings were each cleft grafted on rootstocks S. 

sisymbriifolium, EG-203, Khag-1, Khag-2, Khag-3 and BARI brinjal-8 (plate-3). 

• To make the joint tight and strong a plastic clip was used (plate-2d). 

• After grafting, water was sprayed on the scion using a hand sprayer (plate-2e). 

• Grafted plants were put in a small healing house (plate-4) covered with a sheet of 

polyethylene and a black sheet of curtain under the polyethylene cover so that 

high humidity can be maintained and no sunlight can directly enter into the 

healing house. When there was no rain the house was kept uncovered at night but 

covered again during the day time. Water was sprayed on the grafted plants 3-4 

times a day for a period of 7- 10 days. 

• Polyethylene sheet was removed from the top of the house after above mentioned 

times keeping the black cover for another few days until the graft union was 

established. After 10-12 days the scion started to grow. Emerged twig from the 

rootstock was removed immediately. 

For better success house was prepared in a shady place and grafting was done in the 

afternoon. 
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3.9 Land preparation 

Selected land was opened on June 19, 2019 by a disc plough to open direct sunshine 

to kill soil borne pathogens and soil inhabitant insects. The land was prepared by 

ploughing and cross ploughing followed by laddering. The land was leveled, corners 

were shaped and the clods were broken into pieces. The weeds and stubbles were 

removed and the land was prepared through addition of the basal doses of manures 

and fertilizers.  

3.10 Doses of manure and fertilizer and their methods of application 

Manure and fertilizers were applied uniformly in all the experimental plots as per 

following doses: 

Manure/Fertilizer    Dose ha-1  Dose plot-1 

Well decomposed cowdung   10 tons   4 kg 

Urea      550 kg   0.22 kg 

TSP      450 kg   0.18 kg 

MoP      250 kg   0.10 kg 

Gypsum     120 kg   0.04 kg 

The whole amount of cowdung and TSP were applied as basal dose during land 

preparation. Urea and MoP were applied as side dressing in two equal splits at 21 and 

35 days after transplanting. 

3.11 Tunnel setting 

Polytunnels were set on the plot that was made with bamboo frame and covered with 

transparent polythene sheet as suggested by Ahmed et al. (1996). The tunnels were 

used to protect plant from heavy rain and water logging condition of soil.  
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3.12 Transplanting and establishment of seedlings 

Seedlings were transplanted in the main field after fifteen days of grafting on June 26, 

2019. Non-grafted seedlings (control) of similar age were also transplanted in the 

field on the same date. 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 polythene 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. 

3.13 Intercultural operations 

Intercultural practices were made to confirm the normal growth of the crop. The 

following intercultural operations were done timely. 

 

3.13.1 Staking and pruning practices 

Plants were supported by ‘A’ shaped bamboo stick to keep the branch upright. The 

plants were pruned twice 21 and 35 days after transplanting respectively. 

 

3.13.2 Weeding and mulching 

Weeding and mulching were done as and when necessary to keep the plot free from 

weeds. 

 

3.13.3 Irrigation 

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

irrigation was provided whenever required. 

 

3.13.4 Application of tomatotone 

Tomatotone (consisting of 4-para chlorophenoxy acetic acid) solution @ 2 ml/l water 

was sprayed on plants having flower cluster at full bloom stage. Plants were received 

two sprays at 7 days interval and only flower clusters were sprayed as recommended 

by Chandha et al. (1992) who reported that tomatotone improves exogenous auxin 

which reduces flower drop and increases fruit-set. 
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3.13.5 Pest and disease control 

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

as suggested by Khurshed et al. (1987). There were no other major insects pests found 

in the crop and the bacterial wilt affected plant whenever found was uprooted and 

destroyed. 

 

3.14 Harvesting 

 Fruits were harvested at 3 day intervals during early ripe stage when they attained 

slightly red color. Harvest of mature fruits was started on August 24, 2019 and it was 

continued up to September 20, 2019. 

 

3.15 Data collection: 

Data were recorded on the following parameters from the sample plants to assess the 

result. The sampling was done randomly. The plants in the outer two rows and at the 

extreme end of the middle rows were excluded during randomization. Ten plants were 

randomly selected from each plot. The data on following parameters were recorded. 

 

3.15.1 Grafting success at healing house (%) 

The number of grafts that survived at the end of stay in each healing. Grafting success 

was then arrived at by the following equation:  

. 

 

Grafting success (%) =
Number of successful grafts x 100 

Total number of grafts
 

 

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. 

3.15.2. Grafting success at field condition 

3.15.2.1 Plant survivability (%) 

After transplanting data were collected on the number of plants that formed 

adventitious roots at the graft interface and number of plants that wilted and died. 
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3.15.2.2 Plant height (cm) 

Plant height at final harvest was measured from sample plants in centimeter (cm) 

from the ground level to the tip of the longest stem and the mean value for each 

treatment was calculated. This was measured by using a metallic meter rule (2m long) 

from the base of the plant to the apical growing point of the plant. 

 

3.15.2.3 Number of leaves plant-1  

The numbers of leaves plant-1 were counted manually. The number of leaves of the 

sample plant was counted at the time of harvesting and the average number of leaves 

produced per plant was recorded. 

  

3.15.2.4 Number of main branches plant-1 

The numbers of main branches plant-1 were measured from the randomly selected ten 

plants from each unit plot by counting and the mean value was calculated at the time 

of the final harvest. 

 

3.15.2.5 Number of total branches plant-1 

The numbers of total branches plant-1 were measured from the randomly selected ten 

plants from each unit plot by counting and the mean value was calculated at the time 

of the final harvest. 

 

3.15.2.6 Days to 1st flowering 

The days to flowering was measured by counting the number of days after 

transplanting to first flowering. 

 

3.15.2.7 Days to 50% flowering 

The days to flowering was measured by counting the number of days after 

transplanting to 50% flowering.  

 

3.15.2.8 Number of clusters plant-1  

The numbers of flower clusters plant-1 were counted from the sample plants and the 

average number of flower clusters produced per plant. 
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3.15.2.9 Number of flowers cluster-1 

The flowers cluster-1 was calculated by counting manually in the flowering stage of 

selected plants and data was recorded. It was calculated by the following formula: 

 

Number of flowers per cluster =  
 Sample plant 

Total number of flower clusters from 10 sample plant
 

 

3.15.2.10 Days to 1st harvest  

This was measured by counting the number of days after transplanting to the days of 

the first harvest at fully ripen stage. 

 

3.15.2.11 Harvesting duration 

This was measured by counting the number of days after first harvest to the days of 

the last harvest. 

 

3.15.2.12 Number of fruits plant-1 

It was recorded by the following formula:  

 

Number of fruits per plant =

Total number of fruits from 10 sample 
plants upto final harvest

10
 

 

3.15.2.13 Single fruit weight (g) 

Among the total number of fruits during the period from first to final harvest of fruits, 

except the first and final harvests, were considered for determining the individual fruit 

weight by the following formula and expressed in gram.  

 

Average single fruit weight (g) =
Total weight of fruits from 10 sample plants

Total number of fruits from 10 sample plants
 

 

 

3.15.2.14 Fruit length (cm) 

The length of fruit was measured with a digital slide caliper (Guanglu, China) from 

the neck of the fruit to the bottom of ten selected marketable fruits from each plant of 

each replication and their average was calculated in centimeter (cm). 
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3.15.2.15 Fruit diameter (cm) 

The diameter of fruit was measured at the middle portion of ten selected marketable 

fruits from each treatment of each replication with digital slide calipers (Guanglu, 

China) and their average was calculated in centimeter (cm). 

 

3.15.2.16 Total Soluble Solids (%) 

Ten defect free tomato fruits at red stage of maturity were selected for TSS 

measurement. TSS content was determined by Refractometer. Tomato fruits of each 

variety were taken and a drop of juice squeezed from the sample was placed on the 

surface of the prism of the Refractometer and percent TSS was recorded from direct 

reading. 

 

3.15.2.17 Fruit yield plant-1 (kg) 

It was measured by the following formula:  

 

Weight of fruits per plant (Kg) =
Total weight of fruits of 10 sample plants

10
 

 

3.15.2.18 Fruit yield plot-1 (kg) 

A per scale balance was used to take the weight of fruits per plot. It was measured by 

totaling the fruit yield of each unit plot separately during the period from first to final 

harvest and was recorded in kilogram (kg). 

 

3.15.2.19 Fruit yield tunnel-1 

It was calculated from per plant yield and multiplied by number of plants survived per 

tunnel. 

 

3.15.2.20 Fruit yield ha-1 (ton) 

It was calculated from tunnel, considering 170 tunnels per hectare (Ahmed et al., 

1996). 

 

3.15.2.21 Bacterial wilt infestation (%) 

Incidence of wilting incidence of plants was recorded at 45, 60, 75 and 90 days after 

sowing (DAS). 
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3.15.2.22 Virus infestation (%) 

Incidence of virus infection of plants was recorded at 45, 60, 75 and 90 days after 

sowing (DAS). 

 

3.15.2.23 Pest and other diseases (%) 

The percentage of pest and diseases were measured from 45, 60, 75 and 90 days after 

sowing (DAS) by counting and the mean value was calculated at the time of the final 

harvest. 

 

3.16 Statistical analysis 

The recorded data were statistically analyzed using STATISTIX 10 statistical package 

program. Test of significance for each character was performed by F-test. The 

difference between the treatments was judged by Least Significant Difference (LSD) 

test. Analysis of variance table has been presented in Appendix. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

The present experiment was conducted to study the resistance level of rootstocks and 

tomato grafting compatibility with different rootstock and their field performance, 

seedling survivability, plant stand ability, growth, quality of fruits and yield of 

summer tomato. The results obtained from the study have been presented and 

discussed in this chapter with the following headings: 

 

4.1 Grafting success at healing house 

The effect of rootstock on the grafting success was found significant (Appendix-III). 

The results in this regard have been presented in figure-1. In the case of influence of 

rootstock on grafting success, it was revealed that the maximum grafting success 

(86.15%) was recorded from treatment T6 (tomato grafted on BARI brinjal-8) which 

was statistically similar (83.95%) with T1 (tomato grafted on S. sisymbriifolium). It 

might be occurred due to good grafting compatibility between tomato and rootstocks. 

The lowest grafting success was obtained (70.00%) from T4 (tomato grafted on     

khag-2). Such poor success occurred due high number of mortality (30.00 %) caused 

by abiotic stress, while biotic and other cause were also responsible for mortality. The 

climatic condition indicted that average outside temperature was recorded 30.5°C and 

inside graft house was prevailed 31.6°C. In the case of humidity, it was 80.75 and 

84.73% in outside and inside of grafting chamber respectively. One of the grafting 

researchers (Kubota et al., 2008) reported that 27-28°C temperature with >85% 

humidity is suitable for successful grafting. Vuruskan and Yanmaz, (1991) obtained 

83.33% grafting success when tomato was grafted on eggplant. Similar results also 

noted by Msogoya and Mamiro (2016) and Lee et al. (2010). 
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Figure 1. Effect of different grafted tomato seedlings on grafting success 

Note: T1= Grafted seedling (tomato grafted on S. sisymbriifolium); T2= Grafted seedling (tomato 

grafted on EG-203); T3= Grafted seedling (tomato grafted on Khag-1); T4= Grafted seedling (tomato 

grafted on khag-2); T5= Grafted seedling (tomato grafted on khag-3); T6= Grafted seedling (tomato 

grafted on BARI brinjal-8) 

4.2 Grafting success at field condition  

4.2.1 Plant survivability plot-1  

The plant survivability percentage was found significant. The results in this regard 

have been presented in Table-1. Under the study, T6 treatment (tomato grafted on 

BARI brinjal-8) showed the highest plant survivability percentage (94.67%) which 

was statistically similar to T2 (93.67%) (tomato grafted on EG-203) and T1 (93.00%) 

(tomato grafted on S. sisymbriifolium) treatments. It might be due to effect of 

resistance potentiality. The lowest (63.33%) plant survivability was observed from T0 

(non-grafted tomato seedling) treatment. It might occur due to susceptibility to 

bacterial wilt of tomato variety.  
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Among the grafted seedlings the minimum (81.00%) plant survived in T5 (tomato 

grafted on khag-3) which is statistically similar (83.00%) with T4 (tomato grafted on 

Khag-2). It was occurred due to they had very high incidences of adventitious roots in 

comparison to non-grafted treatments. Adventitious roots at the graft union are the 

signs of graft incompatibility. These result also supported by Kawaguchi et al. (2008), 

Ives et al. (2012) and Parkinson et al. (1987). 

Table 1. Effect of different grafted and non-grafted tomato seedlings on plant 

     survivability plot-1 

Treatments  Plant survivability plot-1 (%) 

T0 63.33d 

T1 93.00a 

T2 93.67a 

T3 88.33ab 

T4 83.00bc 

T5 81.00c 

T6 94.67a 

LSD(0.05) 6.81 

Level of Significance ** 

CV (%) 4.49 

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

 letter(s) differ significantly. 

 ** : Significant at 1% level of  probability 

 

T0= Control (non-grafted tomato seedling); 

T1= Grafted seedling (tomato grafted on S. sisymbriifolium); 

T2= Grafted seedling (tomato grafted on EG-203); 

T3= Grafted seedling (tomato grafted on Khag-1); 

T4= Grafted seedling (tomato grafted on khag-2); 

T5= Grafted seedling (tomato grafted on khag-3); 

T6= Grafted seedling (tomato grafted on BARI brinjal-8) 
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4.2.2 Plant height 

From this experiment result, it was observed that there was significant (Appendix-IV) 

variation on plant height of grafted and non-grafted plants of summer tomato (Fig. 2). 

The tallest plant height (135.42 cm) was recorded from T6 (tomato grafted on BARI 

brinjal-8) treatment which was statistically similar (130.17cm) to T1 (tomato grafted 

on S. sisymbriifolium) treatment. The shortest plant height (92.62 cm) was counted 

from T0 (non-grafted tomato seedling) treatment, which was statistically similar to T2 

(93.50 cm) treatment (tomato grafted on EG- 203). Similar results reported  by        

Al-Harabi et al. (2016) who observed that plant height was significantly increased in 

grafted tomato as compared to ungrafted plants. These results also supported by 

Bletsos and Olympios (2008) and Colla et al. (2014). 

 

Figure 2. Effect of different grafted and non-grafted tomato seedlings on plant 

       height 

Note: T0= Control (non-grafted tomato seedling); T1= grafted seedling (tomato grafted on                    

S. sisymbriifolium); T2= grafted seedling (tomato grafted on EG- 203); T3= grafted seedling (tomato 

grafted on Khag-1); T4= grafted seedling (tomato grafted on Khag-2); T5 = grafted seedling (tomato 

grafted on Khag-3) and T6 = grafted seedling (tomato grafted on BARI brinjal-8). 
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4.2.3 Number of leaves plant-1 

Significant variation (Appendix-IV) was observed on number of leaves plant-1 for 

grafted and non-grafted plants of summer tomato (Fig. 3). This experiment results 

revealed that the number of leaves plant-1 was varied from 47.00 to 88.00 which 

indicated the growth and development variation among the treatments that may 

influence yield variation too. The maximum number of leaves plant-1 (88.50) was 

recorded from T6 (tomato grafted on BARI brinjal-8) while, the minimum number of 

leaves plant-1 (47.00) was observed from T0 (non-grafted tomato seedling) treatment. 

From the present results, it was revealed that the number of leaves increased in 

grafted seedlings compared to non-grafted seedling. Similar results also supported by 

the findings of Black et al. (2003). 

 

Figure 3. Effect of different grafted and non-grafted tomato seedlings on number 

      of leaves plant-1 

Note: T0= Control (non-grafted tomato seedling); T1= grafted seedling (tomato grafted on                   

S. sisymbriifolium); T2= grafted seedling (tomato grafted on EG- 203); T3= grafted seedling (tomato 

grafted on Khag-1); T4= grafted seedling (tomato grafted on Khag-2); T5 = grafted seedling (tomato 

grafted on Khag-3) and T6 = grafted seedling (tomato grafted on BARI brinjal-8). 
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4.2.4 Number of main branches plant-1 

Significant variation observed on number of main branches plant-1 for grafted and 

non-grafted seedlings of summer tomato (Table 2). The main branches plant-1 differ 

from 2.17 to 3.17 among the treatments, while the highest number of main branch 

plant-1 (3.17) was counted from T6 (tomato grafted on BARI brinjal-8) which was 

statistically similar to all other treatments except T2 (tomato grafted on EG- 203) and 

T4 (tomato grafted on Khag-2). The lowest number of main branch plant-1 (2.17) was 

observed from T0 (non-grafted tomato seedling) treatment which was statistically 

similar to T2 (tomato grafted on EG- 203) and T4 (tomato grafted on Khag-2) 

treatments. From the experiment results, it was observed that number of main 

branches was significantly increased in grafted tomato as compared to ungrafted 

plants. 

4.2.5 Number of total branches plant-1 

Different treatments showed significant variation for number of total branches plant-1 

for grafted and non-grafted seedlings of summer tomato (Table 2). The results 

expressed that the total branches per plant differ from 6.17 to 10.17 among the 

treatments respectively while the highest number of total branch plant-1 (10.17) 

exhibited from the treatment T6 (tomato grafted on BARI brinjal-8) and the lowest 

number of total branch plant-1 (6.17) was counted from T0 (tomato grafted on Khag-2) 

which was statistically identical to T5 (tomato grafted on Khag-3) treatment (6.67) and 

T2 (tomato grafted on EG- 203) treatment (6.83). Numbers of total branches were 

significantly increased in grafted tomato as compared to ungrafted plants. These 

results agreed with the findings of Hossain et al. (2019) who reported that grafting 

produced maximum number of branches compared with non-grafted one. 
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Table 2. Effect of different grafted and non-grafted tomato seedlings on number 

    of main and total branches plant-1 

 

Treatments 

Number of main 

branch plant-1 

Number of total 

branches plant-1 

T0 2.17b 6.17d 

T1 3.08a 8.33c 

T2 2.17b 6.83d 

T3 3.12a 9.33b 

T4 2.17b 7.83c 

T5 3.17a 6.67d 

T6 3.17a 10.17a 

LSD(0.05) 0.17 0.69 

Level of Significance ** ** 

CV% 3.48 4.94 

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

differ significantly. 

** : Significant at 1% level of probability 

T0= Control (non-grafted tomato seedling); 

T1= Grafted seedling (tomato grafted on S. sisymbriifolium); 

T2= Grafted seedling (tomato grafted on EG-203); 

T3= Grafted seedling (tomato grafted on Khag-1); 

T4= Grafted seedling (tomato grafted on khag-2); 

T5= Grafted seedling (tomato grafted on khag-3); 

T6= Grafted seedling (tomato grafted on BARI brinjal-8) 

 

4.2.6 Days to 1st flowering 

Different treatments showed significant variation for first flowering (Table 3). From 

the experiment result, it was observed that the maximum days for first flowering       

(54.33 days) were counted from T2 (tomato grafted on EG- 203) treatment which was 

statistically identical (53.00 days) to T4 (tomato grafted on Khag-2), where the 

minimum days for first flowering (50.00 days) were counted from T0 (non-grafted 

tomato seedling) treatment. It was revealed that the grafted seedlings attained late first 
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flowering compared to non-grafted one and likewise early fruiting or harvesting was 

made from non-grafted seedlings too. The delayed flowering in grafted plants might 

be due to grafting shock of the scion, which resulted in disruption of growth. The 

present results also supported the findings of Ibrahim et al. (2001) and Khah et al. 

(2006), who observed more days to flowering in grafted tomato. 

4.2.7 Days to 50% flowering 

Significant effect was observed on 50% flowering on grafted and non-grafted plants 

of summer tomato (Table 3). From the experiment result, it was observed that the 

maximum days for 50% flowering (57.33 days) were observed from T2 treatment 

which was statistically similar to other grafted plants except T4 (55.53 days) treatment 

(tomato grafted on Khag-2). The minimum days for 50% flowering (54.00 days) were 

recorded from T0 (non-grafted tomato seedling) treatment. As evident from the results, 

it was found that non-grafted plants took minimum time for 50% flowering. On the 

other hand, the grafted plants took more days for 50% flowering. Matsuzoe et al. 

(1990) and Ali (1994) also mentioned similar trend of delayed flowering in grafted 

plants. 

4.2.8 Number of clusters plant-1 

Significant variation was found on number of clusters plant-1 for grafted and non-

grafted summer tomato plants (Table 3). From the experiment results, it was observed 

that the maximum number of clusters plant-1 (27.00) was recorded from T6 (tomato 

grafted on BARI brinjal-8) treatment. And the minimum number of flower clusters 

plant-1 (21.00) was counted from T0 (non-grafted tomato seedling) treatment which 

was statistically similar (21.00) to T5 (tomato grafted on Khag-3) treatment. The 

grafted plant produced more flowering clusters than the non-grafted one. That might 

occur probably due to the variation in rootstocks (Hossain et al., 2019). 

 

4.2.9 Number of flowers cluster-1 

The number of flowers cluster-1 differed significantly between the grafted and   non-

grafted plants of summer tomato (Table 3). It was highest (7.07) in T3 (tomato grafted 

on Khag-1) which was statistically similar (6.45) to T2 (tomato grafted on EG- 203) 

while the least was in the non-grafted one (5.17). It might be the effects of different 

rootstocks. Khah et al. (2006) reported that the grafted plants generally showed to 
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have a larger number of flowers. This observation is in agreement with Ibrahim et al. 

(2001), who found a higher number of fruits per cluster in grafted tomato, in 

comparison to the ungrafted treatment. Pogonyi et al. (2005) also observed the same 

trend. 

 

Table 3. Effect of different grafted and non-grafted tomato seedlings on   

    clusters plant-1 and flowers cluster-1 

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

differ significantly. 

** : Significant at 1% level of probability           * : Significant at 5% level of probability     

T0= Control (non-grafted tomato seedling); 

T1= Grafted seedling (tomato grafted on S. sisymbriifolium); 

T2= Grafted seedling (tomato grafted on EG-203); 

T3= Grafted seedling (tomato grafted on Khag-1); 

T4= Grafted seedling (tomato grafted on khag-2); 

T5= Grafted seedling (tomato grafted on khag-3); 

T6= Grafted seedling (tomato grafted on BARI brinjal-8) 

 

 

 

Treatments 

Days to 1st 

flowering 

Days to 50% 

flowering 

Number of 

clusters plant-1 

Number of 

flowers cluster-1 

T0 50.00d 54.00c 21.00d 5.17c 

T1 52.67b 56.00ab 23.33c 6.08b 

T2 54.33a 57.33a 24.33b 6.45ab 

T3 52.67b 56.00ab 22.67c 7.07a 

T4 53.00ab 55.33bc 23.00c 5.17c 

T5 51.67bc 56.33ab 21.00d 6.20b 

T6 51.00cd 56.00ab 27.00a 6.26b 

LSD(0.05) 1.55 1.55 0.99 0.73 

Level of Significance ** * ** ** 

CV (%) 1.67 1.56 2.40 6.73 
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4.2.10 Days to 1st harvest 

Significant effect was observed on days to first harvesting for grafted and non-grafted 

summer tomato plants (Table 4). Fruit harvest was started from 91.00 to 98 DAS. 

From the experiment, the results expressed that maximum days require for first 

harvest (98.00 days) was recorded from T6 (tomato grafted on BARI brinjal-8) 

treatment which was statistically similar (98.00 days) to T5 (tomato grafted on      

Khag-3) treatment followed by T4 (tomato grafted on Khag-2) (96.00 days) treatment, 

while the minimum days to first harvesting (90.67 days) was observed from T0       

(non-grafted tomato seedling) treatment. Normally, grafted plants had a tendency of 

delay flowering, fruit set and harvesting. This may occurred due to transplanting 

shocks during grafting process. Matsuzoe et al., (1990) and Ali (1994) also mentioned 

the same observation.  

4.2.11 Harvesting duration 

The harvesting duration was observed from first harvest to last harvest. Significant 

effect was observed on harvesting duration (Table 4). The highest harvesting duration 

(27.33 days) was recorded from T6 (tomato grafted on BARI brinjal-8) treatment 

followed by T1 (tomato grafted on S. sisymbriifolium) (25.67 days). And the lowest 

harvesting duration (17.33 days) was counted from T0 (non-grafted tomato seedling) 

treatment. The longer period of harvesting in grafted plants compared to non-grafted 

plants might be due to use of Solanum rootstock, which possesses stronger root 

system compared to cultivated tomato scion. Hence, there was a relationship among 

the treatments in increasing harvesting duration, which consequently contributed 

higher yield. The result was agreed by Maync (1999) who stated that tomato grafted 

on vigorous rootstocks give higher yield due to longer harvesting duration. Similar 

result was also reported by Mazollier (1999) and Hossain et al. (2019). 
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Table 4. Effect of different grafted and non-grafted tomato seedlings on first    

    harvest and harvesting duration 

Treatments Days to 1st harvest Harvesting duration 

T0 90.67c 17.33d 

T1 95.33ab 25.67b 

T2 94.00bc 20.33c 

T3 95.67ab 20.67c 

T4 96.00ab 20.33c 

T5 98.00a 21.00c 

T6 98.00a 27.33a 

LSD(0.05) 3.72 1.55 

Level of Significance * ** 

CV (%) 2.19 4.00 

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

differ significantly.  

**: Significant at 1% level of probability      *: Significant at 5% of probability 

T0= Control (non-grafted tomato seedling); 

T1= Grafted seedling (tomato grafted on S. sisymbriifolium); 

T2= Grafted seedling (tomato grafted on EG-203); 

T3= Grafted seedling (tomato grafted on Khag-1); 

T4= Grafted seedling (tomato grafted on khag-2); 

T5= Grafted seedling (tomato grafted on khag-3); 

T6= Grafted seedling (tomato grafted on BARI brinjal-8) 

 

4.2.12 Number of fruits plant-1 

The number of fruits plant-1 at different treatments exhibited significant variation 

(Appendix-VII). The maximum number of fruits plant-1 (33.33) was recorded from T6 

(tomato grafted on BARI brinjal-8) treatment which was statistically identical to T1 

(32.67) (tomato grafted on S. sisymbriifolium) treatment (Fig. 4). It might be due to 
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prolonged harvesting duration. The lowest number of fruits plant-1 (25.67) was 

counted from T0 (non-grafted tomato seedling) treatment. Among the grafted plants 

the lowest number of fruits per plant (26.67) was recorded from T3 (tomato grafted on 

Khag-1). This might be due to impaired growth performance emanating from 

constricted graft unions and possibly low rootstock vigour. These results supported 

the findings of Turhan et al. (2011) who stated that the number of fruits per plant 

increased by grafting than without grafting of tomato. 

 

 

Figure 4. Effect of different grafted and non-grafted tomato seedlings on fruit 

      number plant-1 

Note: T0= Control (non-grafted tomato seedling); T1= grafted seedling (tomato grafted on                    

S. sisymbriifolium); T2= grafted seedling (tomato grafted on EG- 203); T3= grafted seedling (tomato 

grafted on Khag-1); T4= grafted seedling (tomato grafted on Khag-2); T5 = grafted seedling (tomato 

grafted on Khag-3) and T6 = grafted seedling (tomato grafted on BARI brinjal-8). 

4.2.13 Weight of single fruit  

The variation in weight of single fruit was found significant (Appendix-VII) in 

different treatments (Fig. 5).The average weight of individual fruit varied from 36.00 

to 48.83 g. The highest fruit weight (48.83 g) was recorded from T6 (tomato grafted 

on BARI    brinjal-8) treatment which was statistically similar (46.32 g) to T1 (tomato 

grafted on S. sisymbriifolium) and the lowest single fruit weight (36.00 g) was 
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counted from T0 (non-grafted tomato seedling) treatment followed by (38.57 g)         

T4 (tomato grafted on Khag-2) treatment. It was reported that heavier fruits were 

produced from grafted plants. The heavier fruits which produced from grafted plants 

might be due to the suitability of the rootstock. For this reason, fruits weight was 

increased proportionally. The similar result was agreed by Hossain et al. (2019) who 

revealed that the fruit weight was meaningfully influenced by grafting. Khah et al. 

(2006) also reported that fruit weight of grafted plants was higher than with the non-

grafted plants.  

 

 

Figure 5. Effect of different grafted and non-grafted tomato seedlings on weight 

      of single fruit 

Note: T0= Control (non-grafted tomato seedling); T1= grafted seedling (tomato grafted on                    

S. sisymbriifolium); T2= grafted seedling (tomato grafted on EG- 203); T3= grafted seedling (tomato 

grafted on Khag-1); T4= grafted seedling (tomato grafted on Khag-2); T5 = grafted seedling (tomato 

grafted on Khag-3) and T6 = grafted seedling (tomato grafted on BARI brinjal-8). 

 

4.2.14 Fruit length 

The length of fruit varied from 4.10 to 7.23 cm and exerted statistically significant 

variation among the treatments (Table 5). The maximum fruit length (7.23 cm) was 

counted from T6 (tomato grafted on BARI brinjal-8) treatment followed by (6.77 cm) 

T1 (tomato grafted on S. sisymbriifolium). That may happen due to the fact that these 
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rootstocks were more compatible than the other rootstocks investigated, while the 

minimum fruit length (4.10 cm) was recorded from T0 (non-grafted tomato seedling) 

treatment. That variation might be due to grafting effect resulting in the variations in 

enhancing the nutrient and water uptake. Similar results also found by Hossain et al. 

(2019) and Turhan et al. (2011) who reported that, in tomato, the fruit length was 

significantly influenced by grafting. 

 

 

4.2.15 Fruit width 

The diameter of fruit was varied from 4.21 to 5.81 cm and the variation was 

statistically significant among the treatments (Table 5).The maximum fruit width 

(5.81cm) was observed from T6 (tomato grafted on BARI brinjal-8) treatment which 

was statistically similar (5.72cm) to T1 (tomato grafted on S. sisymbriifolium) 

treatment. That variation was probably due to the fact that these  rootstocks are more 

compatible than other rootstocks, while the minimum fruit width (4.21 cm) was 

observed from T0 (non-grafted tomato seedling) treatment. That variation might be 

due to grafting effect enhancing the water and nutrient uptake by the respective plants. 

The improved fruit diameter observed in this study agree with observations by    

Yetisir et al. (2007) who reported that the grafted seedlings had increased fruit size by 

52%. Turhan et al. (2011) also observed that the fruit index and fruit weights of 

grafted plants were significantly higher than for control plants. Larger fruit diameter 

in grafted plants could be credited to enhanced water and nutrient uptake when 

vigorous rootstocks are used. 

 

 

 

 

 

 

 

 

 

 

 



45 
 

Table 5. Effect of different grafted and non-grafted tomato seedlings on fruit   

    length and fruit width 

Treatments Fruit length 

(cm) 

Fruit width 

(cm) 

T0 4.10d 4.21e 

T1 6.77b 5.72a 

T2 4.43cd 5.48b 

T3 4.45c 4.81d 

T4 4.32cd 5.24c 

T5 4.24cd 5.07c 

T6 7.23a 5.81a 

LSD(0.05) 0.34 0.20 

Level of Significance ** ** 

CV (%) 3.73 2.20 

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

 letter(s) differ significantly.  

            **: Significant at 1% level of probability      

T0= Control (non-grafted tomato seedling); 

T1= Grafted seedling (tomato grafted on S. sisymbriifolium); 

T2= Grafted seedling (tomato grafted on EG-203); 

T3= Grafted seedling (tomato grafted on Khag-1); 

T4= Grafted seedling (tomato grafted on khag-2); 

T5= Grafted seedling (tomato grafted on khag-3); 

T6= Grafted seedling (tomato grafted on BARI brinjal-8) 

 

4.2.16 Total Soluble Solids (TSS) 

There was a significant variation (Appendix-VII) for the TSS contents among the 

treatments. Grafted and non-grafted plants also showed a more or less similar trend of 

TSS content in their fruits (Fig. 6). The maximum total soluble solids content (4.53%) 

was observed from T6 (tomato grafted on BARI brinjal-8) treatment which was 
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statistically similar (4.47%) to T1 (tomato grafted on S. sisymbriifolium), while the 

minimum total soluble solids content (4.33%) was counted from T0 (non-grafted 

tomato seedling) treatment followed (4.40%) by T5 (tomato grafted on Khag-3) 

treatment. It may be due to the grafting effect of the Solanum rootstocks. 

The grafted tomato plants contributed higher TSS content compared to control one, 

which might be due to the combined effects of the variety and root stocks. The 

findings of Khah et al. (2006) also supported the present findings. 

 

 

Figure 6. Effect of different grafted and non-grafted tomato seedlings on Total 

      Soluble Solids  

Note: T0= Control (non-grafted tomato seedling); T1= grafted seedling (tomato grafted on S. 

sisymbriifolium); T2= grafted seedling (tomato grafted on EG- 203); T3= grafted seedling (tomato 

grafted on Khag-1); T4= grafted seedling (tomato grafted on Khag-2); T5 = grafted seedling (tomato 

grafted on Khag-3) and T6 = grafted seedling (tomato grafted on BARI brinjal-8). 

4.2.17 Fruit yield plant-1 

Significant variation (Appendix-VIII) was observed on yield plant-1 on grafted and 

non-grafted plants of summer tomato (Fig. 7). The maximum fruit yield plant-1      

(1.39 kg) was recorded from T6 (tomato grafted on BARI brinjal-8) treatment 

followed by (1.30 kg) to T1 (tomato grafted on S. sisymbriifolium) treatment. It might 

be occurred due to effect of resistance potentiality and good compatibility between 

scion and rootstocks. On the other hand, the minimum yield plant-1 (0.90 kg) was 
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observed from T0 (non-grafted tomato seedling) treatment. It might be occurred due to 

susceptibility to bacterial wilt (BW). The yield variation may be the effect of 

rootstocks.  

Marsic and Osvald (2004) and Ibrahim et al. (2014) had also claimed the same type of 

results in grafted and non-grafted tomato plants; they concluded that the higher yield 

of fruit from grafted tomato plants was most likely an effect of the vigorous root 

system of the rootstock. The results of the present experiment showed that tomato 

plants grafted on suitable rootstocks exerted positive effects on the fruit yield. 

 

Figure 7. Effect of different grafted and non-grafted tomato seedlings on fruit  

       yield plant-1 

Note: T0= Control (non-grafted tomato seedling); T1= grafted seedling (tomato grafted on                    

S. sisymbriifolium); T2= grafted seedling (tomato grafted on EG- 203); T3= grafted seedling (tomato 

grafted on Khag-1); T4= grafted seedling (tomato grafted on Khag-2); T5 = grafted seedling (tomato 

grafted on Khag-3) and T6 = grafted seedling (tomato grafted on BARI brinjal-8). 
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4.2.18 Fruit yield plot-1 

In respect of fruit yield plot-1 indicated that there was significant yield variation 

observed among the treatments which were varied from 15.01 to 28.50 kg (Table 6).  

The maximum fruit yield plot-1 (28.50 kg) was recorded from T6 (tomato grafted on 

BARI brinjal-8) treatment followed (24.91 kg) by T1 (tomato grafted on                     

S. sisymbriifolium). This might be due to high resistance potentiality against soil 

borne diseases of these rootstocks, while the minimum fruit yield plot-1 (15.01 kg) 

was counted from T0 (non-grafted tomato seedling) treatment followed by T4 (tomato 

grafted on Khag-2). Such variations had occurred due to number of tomato plants 

survived per plot.  

4.2.19 Fruit yield tunnel-1 

Significant effect was observed on yield per tunnel on grafted and non-grafted plants 

of summer tomato (Table 6). The maximum yield tunnel-1 (258.91 kg) was observed 

from T6 (tomato grafted on BARI brinjal-8) treatment followed (245.09 kg) by T1 

(tomato grafted on S. sisymbriifolium) treatment. It was might be due to high survival 

rate per plot of tomato seedlings, while the minimum yield tunnel-1 (152.87 kg) was 

counted from T0 (non-grafted tomato seedling) treatment followed by (159.62 kg) T4 

(tomato grafted on Khag-2) treatment. Such variations had occurred due to number of 

tomato plants survived per plot.  
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Table 6. Effect of different grafted and non-grafted tomato seedlings on yield   

     plot-1 and yield tunnel-1 

Treatments Yield plot-1 

(kg) 

Yield tunnel-1 

(kg) 

T0 15.01e 152.87c 

T1 24.91b 245.09a 

T2 20.98c 186.38b 

T3 18.52d 165.95c 

T4 18.04d 159.62c 

T5 20.67c 167.83c 

T6 28.50a 258.91a 

LSD(0.05) 1.98 15.53 

Level of Significance ** ** 

CV (%) 5.31 4.57 

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

letter(s) differ significantly.  

               **: Significant at 1% level of probability      

T0= Control (non-grafted tomato seedling); 

T1= Grafted seedling (tomato grafted on S. sisymbriifolium); 

T2= Grafted seedling (tomato grafted on EG-203); 

T3= Grafted seedling (tomato grafted on Khag-1); 

T4= Grafted seedling (tomato grafted on khag-2); 

T5= Grafted seedling (tomato grafted on khag-3); 

T6= Grafted seedling (tomato grafted on BARI brinjal-8) 
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4.2.20 Fruit yield ha-1 

The yield of tomato per hectare was significantly (Appendix-VIII) influenced by the 

treatments. The fruit yield per ha ranged from 25.99 to 43.00 tons and that varied 

between the grafted and non-grafted plants (Fig. 8). The maximum fruit yield ha-1 

(44.02 tons) was recorded from the treatment T6 (tomato grafted on BARI brinjal-8) 

treatment followed by (41.67 tons) T1 (tomato grafted on S. sisymbriifolium) 

treatment, while the minimum yield ha-1 (25.99 tons) was observed from T0 (non-

grafted tomato seedling) treatment which was statistically similar to (27.14 tons) T4 

(tomato grafted on Khag-2) treatment. So, such variations in the yield might be due to 

the effects of rootstocks and survivability of plants per unit area. Al-Harbi et al. 

(2018), Milenkovic et al. (2018), Ibrahim et al. (2014) and Marsic and Osvald (2004) 

claimed the similar type of results in grafted and non-grafted tomato plants; they 

noticed that the higher yield of fruit from grafted tomato plants was most likely due to 

the effects of the vigorous root system of the rootstock used. The results of the present 

experiment reveal that tomato plants grafted on suitable rootstocks had positive 

effects on the fruit yield. Again, within the six rootstocks used, T6 (tomato grafted on 

BARI brinjal-8) had the highest fruit yield per ha (44.02 tons) and T4 (tomato grafted 

on Khag-2) had the lowest fruit yield ha-1 (27.14 tons). T2 (tomato grafted on         

EG- 203) gave the medium amount of fruit ha-1 (31.68 tons). Those variations could 

be due to the fact that the effects of grafting were positive in BARI brinjal-8 and        

S. Sissymbriifolium than other brinjal rootstocks. Lee (1994) noted that the increased 

yield of grafted plants was probably due to the enhanced water and mineral uptake by 

the various rootstocks. Ibrahim et al. (2001); Khah et al. (2006); Gisbert et al. (2011); 

Turhan et al. (2011) and Wahb-Allah (2014) have also reported increased yield in 

grafted tomato. These findings demonstrate that grafting tomato on a suitable 

rootstock has a positive effect on cultivation performance and yield. 
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Figure 8. Effect of different grafted and non-grafted tomato seedlings on yield 

       ha-1 of summer tomato  

Note: T0= Control (non-grafted tomato seedling); T1= grafted seedling (tomato grafted on                    

S. sisymbriifolium); T2= grafted seedling (tomato grafted on EG- 203); T3= grafted seedling (tomato 

grafted on Khag-1); T4= grafted seedling (tomato grafted on Khag-2); T5 = grafted seedling (tomato 

grafted on Khag-3) and T6 = grafted seedling (tomato grafted on BARI brinjal-8). 

 

4.2.21 Bacterial wilt infestation  

Significant difference was observed on Bacterial wilt infestation on grafted and non-

grafted summer tomato seedling at 45 to 90 days after sowing (DAS) (Table 7). The 

highest percent (28.00%) bacterial wilt (BW) infection was occurred in control (T0) 

plot at 75 DAS and total infected plant was 50.00% in later stage. It was occurred due 

to existence of bacterial strain in the soil and susceptibility to bacterial wilt of tomato 

variety, where except T6 (tomato grafted on BARI brinjal-8) and T1 (tomato grafted on 

S. sisymbriifolium) treatments all other grafted seedlings were infected by bacterial 

wilt (BW) which was ranged up to 12.00% only. From the present study results, it 

revealed that tomato seedling grafted on BARI brinjal-8 and S. sisymbriifolium 

showed complete resistance to bacterial wilt while other rootstock showed different 
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magnitude of wilt incidence. Similar opinion was put forward by Ali (1991), Mondal 

et al. (1991), Yamakawa and Mochizuki (1979), Fassuliotis and Bhatt (1982) and 

Guan et al. (2012), they reported  that wild Solanum species showed complete 

resistance against bacterial wilt. This finding agrees with the results of the present 

investigation. 

Table 7. Incidence bacterial wilt diseases on summer tomato production grafted 

    with different rootstock under field condition 

 

Treatments 

Bacterial wilt infestation (%) 

45 DAS 60 DAS 75 DAS 90 DAS 

T0 0.0000b 12.000a 28.000a 12.000a 

T1 0.0000b 0.0000c 0.0000c 0.0000c 

T2 0.0000b 0.0000c 0.0000c 0.0000c 

T3 0.0000b 8.0000b 0.0000c 12.000a 

T4 0.4000a 0.0000c 12.000b 8.0000b 

T5 0.0000b 8.0000b 12.000b 12.000a 

T6 0.0000b 0.0000c 0.0000c 0.0000c 

LSD(0.05) 0.0006724 0.9897 0.9897 0.9897 

Level of Significance ** ** ** ** 

CV (%) 6.61 13.91 7.49 8.85 

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

letter(s) differ significantly.  

               **: Significant at 1% level of probability      

T0= Control (non-grafted tomato seedling); 

T1= Grafted seedling (tomato grafted on S. sisymbriifolium); 

T2= Grafted seedling (tomato grafted on EG-203); 

T3= Grafted seedling (tomato grafted on Khag-1); 

T4= Grafted seedling (tomato grafted on khag-2); 

T5= Grafted seedling (tomato grafted on khag-3); 

T6= Grafted seedling (tomato grafted on BARI brinjal-8) 
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4.2.22 Virus Infestation  

There was significant effect was observed on percent virus infection on summer 

tomato at various days after sowing (DAS) (Table 8). Virus infection was observed 

irrespective of grafted and non-grafted plants. Seedling at the 60 to 90 DAS except 

control, virus infecting magnitude was higher at later stage of tomato plant which was 

ranged from 5.00 to 26.00% while the highest degree of virus infestation (26.00%) 

was recorded from T0 (non-grafted seedling) at 90 DAS. It was occurred due to 

susceptibility of tomato variety to virus, while the minimum virus infestation (0.00%,  

0.00%, 8.00% and 8.00%) at 45 DAS, 60 DAS, 75 DAS and 90 DAS was recorded 

from the treatment T6 (tomato grafted on BARI brinjal-8) respectively. However, in, 

general, all the treatments in both grafted and non-grafted conditions were infected by 

Tomato Yellow Leaf Curl Virus (TYLCV) and Tomato Mosaic Virus (TMV) with 

various degrees.  Kallo et al. (1945) and Alam et al. (1995) also agreed with the 

argument of the present study and stated that virus infestation was found to occur 

irrespective of different growing stages as per severity of white flies.  
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 Table 8. Incidence of virus infestation on summer tomato production grafted 

       with different rootstock under field condition 

 

Treatments 

Virus Infestation (%) 

45 DAS 60 DAS 75 DAS 90 DAS 

T0 21.000a 23.000a 17.000a 26.000a 

T1 0.0000b 5.0000d 8.000c 8.000d 

T2 0.0000b 8.0000c 8.000c 8.000d 

T3 0.0000b 8.0000c 12.000b 18.000b 

T4 0.0000b 11.000b 8.000c 8.000d 

T5 0.0000b 8.0000c 12.000b 16.000c 

T6 0.0000b 0.0000e 8.000c 8.000d 

LSD(0.05) 0.6724 0.9897 1.5528 1.9795 

Level of Significance ** ** ** ** 

CV (%) 12.60 6.18 8.37 8.47 

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

letter(s) differ significantly.  

               **: Significant at 1% level of probability      

T0= Control (non-grafted tomato seedling); 

T1= Grafted seedling (tomato grafted on S. sisymbriifolium); 

T2= Grafted seedling (tomato grafted on EG-203); 

T3= Grafted seedling (tomato grafted on Khag-1); 

T4= Grafted seedling (tomato grafted on khag-2); 

T5= Grafted seedling (tomato grafted on khag-3); 

T6= Grafted seedling (tomato grafted on BARI brinjal-8) 

 

 

 



55 
 

4.2.23 Pest and other diseases 

In refer to other pest and diseases, southern blight infection was recorded from 8.00 to 

22.00% (Fig. 9). The maximum (22.00%) southern blight infection was counted from 

T0 (non-grafted seedling) and T5 (tomato grafted on Khag-3) while the minimum 

(8.00%) was recorded from T2 (tomato grafted on EG-203). The black leaf mold was 

severely infected the tomato plants irrespective grafted and non-grafted plants at later 

stage, in which highest (38.00%) infection was counted from T4 (tomato grafted on 

Khag-2), while minimum (22.00%) from T1 (tomato grafted on S. sisymbriifolium). 

Another devastating insect-mealy bug infested the all plants in all treatments in the 

magnitude up to 41.00%.the maximum (41.00%) mealy bug infestation was observed 

from T3 (tomato grafted on Khag-1) and minimum (31.00%) from T1 (tomato grafted 

on S. sisymbriifolium). Finally, maximum (11.00%) fruit borer attack was counted 

from T4 (tomato grafted on Khag-2) and minimum (4.00%) one was from T2 (tomato 

grafted on EG-203) 

 

Figure 9. Incidence of pest and diseases on summer tomato production grafted 

        with different rootstock under field condition 

Note: T0= Control (non-grafted tomato seedling); T1= grafted seedling (tomato grafted on                     

S. sisymbriifolium); T2= grafted seedling (tomato grafted on EG- 203); T3= grafted seedling (tomato 

grafted on Khag-1); T4= grafted seedling (tomato grafted on Khag-2); T5 = grafted seedling (tomato 

grafted on Khag-3) and T6 = grafted seedling (tomato grafted on BARI brinjal-8). 
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CHAPTER 5 

SUMMARY AND CONCLUSION 

The present study was conducted at the Olericulture Division of Horticulture 

Research Centre (HRC), Bangladesh Agricultural Research Institute (BARI), Gazipur 

to study the resistance level of rootstocks and tomato grafting compatibility with 

different rootstock and their field performance during the summer season of 2019. 

Grafted seedling was prepared with BARI hybrid tomato-10 on six rootstocks viz.-                  

S. sisymbriifolium; S. melongena (BARI brinjal-8); EG 203 and three others newly 

collected rootstocks. The treatment combinations were as follows: T0= Control     

(non-grafted tomato seedling); T1=Grafted seedling (tomato grafted on                        

S. sisymbriifolium); T2= Grafted seedling(tomato grafted on EG-203); T3=Grafted 

seedling(tomato grafted on Khag-1); T4=Grafted seedling(tomato grafted on khag-2); 

T5=Grafted seedling(tomato grafted on khag-3); T6= Grafted seedling(tomato grafted 

on BARI brinjal-8).The experiment was laid out RCB design with three replications. 

Data on different parameters were recorded and statistically analyzed. 

Data were collected for grafting success (%), number of plants survived plot-1 (%), 

plant height (cm), number of leaves plant-1, number of main branches and total 

branches  plant-1, days to 1st and 50% flowering, number of flower clusters plant-1, 

number of flowers cluster-1, days to first harvest, harvesting duration, bacterial wilt 

incidence (%), virus infestation (%), number of fruits per plant, single fruit weight (g), 

fruit yield plant-1 (kg), yield plot-1 (kg), yield ha-1 (tons), pest and other diseases (%), 

fruit length (cm), fruit width (cm) and TSS (%). Data were analyzed using 

STATISTIX 10 package program. The mean differences among the treatments were 

compared by Least Significant Difference (LSD) test at 5% level of significance. 

Tomato grafting with different rootstocks showed significant effect on growth 

characters of summer tomato. The effect of tomato seedling on different rootstocks on 

grafting success was found significant. The highest percentage of grafting success 

(86.15%) was recorded when tomato seedling was grafted on BARI brinjal-8 (T6) 

followed by tomato grafted on S. sisymbriifolium (83.95%). The poorest success 

(70.00%) was observed when tomato seedling grafted on khag-2 (T4) rootstock. 
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Results also revealed that the highest plant survivability plot-1 (94.67%) was recorded 

from T6 (tomato grafted on BARI brinjal-8) followed by (93.00%) T1 (tomato grafted 

on S. sisymbriifolium), where the lowest (63.33%) was counted from T0 (non-grafted 

tomato seedling) treatment and among the grafted seedlings the poorest (81.00%) 

survivability was counted from T5 (tomato grafted on khag-3). The longest plant 

height (135.42 cm) was recorded from T6 (tomato grafted on BARI brinjal-8) 

followed by (130.17 cm) T1 (tomato grafted on S. sisymbriifolium), while the shortest 

plant (92.67 cm) was observed from T0 (non-grafted tomato seedling) which was 

statistically similar (93.50 cm) to T2 (tomato grafted on EG-203) treatment. 

The maximum number of leaves plant-1 (88.5) was observed from T6 (tomato grafted 

on BARI brinjal-8), where the minimum was counted from T0 (non-grafted tomato 

seedling) treatment. The highest number of main and total branches plant-1 (3.17) and 

(10.17) was recorded from T6 (tomato grafted on BARI brinjal-8) treatment 

respectively, where the minimum number of main and total branches (2.17) and (6.17) 

were counted from T0 (non-grafted tomato seedling) followed by (2.17) and (7.83) T4 

(tomato grafted on Khag-2) treatment. 

Tomato grafting with different rootstock also showed significant effect on yield 

contributing characters and yield characters of summer tomato. For yield contributing 

characters the maximum number of flower clusters plant-1 (27.00) was recorded from 

T6 (tomato grafted on BARI brinjal-8) treatment, where the minimum (21.00) was 

counted from T0 (non-grafted tomato seedling) which was statistically similar (21.00) 

to T5 (tomato grafted on Khag-3) treatment. The maximum number of flowers    

cluster-1 (7.07) was observed from T3 (tomato grafted on Khag-1), where the 

minimum flowers (5.17) recorded from T0 (non-grafted tomato seedling) which is 

statistically similar to (5.17) T4 (tomato grafted on Khag-2) treatment. 

In case of days to 1st and 50% flowering, it was found that non-grafted plant bloomed 

earlier than grafted ones. The maximum first flowering (54.33 days) and 50% 

flowering (57.33 days) was recorded from T2 (tomato grafted on EG-203) treatment. 

And the minimum first flowering (50.00 days) and 50% flowering (54.00 days) was 

observed from T0 (non-grafted tomato seedling) treatment. 

In the grafted plants, first harvest was delayed and also harvesting duration was 

prolonged compared to non-grafted plant. The maximum days for first harvest    
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(98.00 days) and harvesting duration (27.33 days) were recorded from T6 (tomato 

grafted on BARI brinjal-8) treatment, where the minimum days for first harvest 

(90.67 days) and harvesting duration were counted from T0 (non-grafted tomato 

seedling) treatment. Among the grafted seedlings T2 (tomato grafted on EG-203) 

required minimum days for first harvest (94.00 days) and harvesting duration (20.33 

days). 

For yield data, the results revealed that the maximum fruits (33.33) were obtained 

from T6 (tomato grafted on BARI brinjal-8) treatment, where minimum fruits (36.00) 

were produced from T0 (non-grafted tomato seedling) treatment. Among the grafted 

seedlings T3 (tomato grafted on Khag-1) produced the lowest (26.67) fruits. The 

maximum individual weight of a single fruit (48.83 g) was recorded in T6 (tomato 

grafted on BARI brinjal-8) treatment followed (46.32 g) by T1 (tomato grafted on S. 

sisymbriifolium), where the minimum one (36.00 g) was counted from T0 (non-grafted 

tomato seedling) treatment followed by (38.57 g) T4 (tomato grafted on Khag-2). 

The maximum (7.23 cm) fruit length was observed from T6 (tomato grafted on BARI 

brinjal-8) treatment. The minimum fruit length (4.10 cm) was counted from T0 (non-

grafted tomato seedling) followed by (4.24 cm) T5 (tomato grafted on                   

Khag-3) treatment. Again the maximum fruit width (5.81 cm) was recorded from T6 

(tomato grafted on BARI brinjal-8) followed by (5.72 cm) T1 (tomato grafted on S. 

sisymbriifolium) treatment, while minimum fruit width (4.21 cm) was observed from 

T0 (non-grafted tomato seedling) which was statistically similar (4.81 cm) to T3 

(tomato grafted on Khag-1) treatment. In case of total soluable solids, the maximum 

(4.53%) TSS was recorded from T6 (tomato grafted on BARI brinjal-8) treatment. 

And the minimum TSS (4.33%) was counted from T0 (non-grafted tomato seedling) 

followed by (4.40%) T5 (tomato grafted on Khag-3) treatment. 

The maximum (1.39 kg) fruit yield plant-1 was recorded from T6 (tomato grafted on 

BARI brinjal-8) followed by (1.30 kg) T1 (tomato grafted on S. sisymbriifolium) 

treatment, where minimum (0.90 kg) fruit yield was observed from T0 (non-grafted 

tomato seedling) treatment which is statistically similar (0.92 kg) to the grafted 

seedling T4 (tomato grafted on Khag-2) treatment. 

The highest (28.50 kg) fruit yield plot-1 and fruit yield tunnel-1 (258.91 kg) were 

recorded from T6 (tomato grafted on BARI brinjal-8) treatment, while the lowest 
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(15.01 kg) yield plot-1 and yield tunnel-1 (152.87 kg) were recorded from T0 (non-

grafted tomato seedling) followed by (18.04 kg) and (159.62 kg) T4 (tomato grafted 

on Khag-2) treatment respectively.  

The maximum (44.02 tons ha-1) yield was recorded from T6 (tomato grafted on BARI 

brinjal-8) followed by (41.67 tons ha-1) T1 (tomato grafted on S. sisymbriifolium) 

treatment. And the minimum (25.99 tons ha-1) was counted from T0 (non-grafted 

tomato seedling) treatment. Among the grafted seedlings, the lowest (27.14 tons ha-1) 

yield was observed from T4 (tomato grafted on Khag-2) treatment. 

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

condition. The tomato seedling grafted on BARI brijal-8 and S. sisymbriifolium 

showed complete resistant against bacterial wilt where non-grafted seedling showed 

vulnerability against this disease at different level. The highest percentage of wilt 

incidence (0.00%, 12.00%, 28.00% and 12.00%) was recorded from T0 (non-grafted 

tomato seedling) at 45 DAS, 60 DAS, 75 DAS and 90 DAS respectively. 

From the experiment results, it was expressed that the maximum virus infestation 

(21.00%, 23.00%, 17.00% and 26.00%) at 45 DAS, 60 DAS, 75 DAS and 90 DAS 

were observed from T0 (non-grafted tomato seedling) treatment respectively. And the 

minimum virus infestation (0.00%, 0.00%, 8.00% and 8.00%) and (0.00%), 5.00%, 

8.00% and 8.00%) at 45 DAS, 60 DAS, 75 DAS and 90 DAS were observed from T6 

(tomato grafted on BARI brinjal-8) and T1 (tomato grafted on S. sisymbriifolium) 

treatment respectively. 

In case of pest and other diseases, the maximum southern blight (22.00%) and black 

leaf mold (36.00%) incidence was found in T0 (non-grafted tomato seedling) 

treatment. The minimum infection of southern blight (8.00%) was recorded from T2 

(tomato grafted on EG-203) and the minimum (22.00%) incidence of black mold was 

found in T1 (tomato grafted on S. sisymbriifolium) treatment. On the other hand, the 

highest (36.00%) mealy bug infestation was recorded in T0 (non-grafted tomato 

seedling), where the lowest (31.00%) was from T1 (tomato grafted on S. 

sisymbriifolium) treatment. And the highest infestation of fruit borer (11.00%) was 

counted in T4 (tomato grafted on Khag-2), where lowest one (4.00%) was observed 

from T2 (tomato grafted on EG-203) treatment. 
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 Conclusion 

In case of grafting, the grafted plant showed  maximum grafting success, maximum 

survivability at field, delayed flowering days to harvest, fruit length, fruit diameter, 

fruits per plant and yield per plant compare to non grafted planted . The grafted plants 

had prolonged harvesting period and gave higher yield. Among the treatments, the 

results revealed that T6 treatment (tomato grafted on  BARI brinjal-8) showed the best 

performance than others treatment due to maximum grafting success (86.15%), plant 

survivability (94.64%),  fruit length (7.23 cm), fruit width (5.81 cm), number of fruits 

plant-1 (33.33), average single fruit weight (48.83 g), Total Soluble Solids (4.53%), 

days to first  harvesting (98 days) and longer harvesting duration  (27.33days ), fruit 

yield plant-1 (1.39 kg), and yield ha-1 (44.02 tons) which was also differed 

significantly from the grafted plants of other rootstocks and plants of control 

treatment. So, among the treatments, tomato seedling grafted on BARI brinjal-8 was 

found to the best for growing during summer through grafting technique. Hence, it 

could be concluded that tomato seedling grafted on BARI brinjal-8 has highest 

grafting compatibility than other treatments.  

 

Among the rootstocks, tomato seedling grafted on BARI brinjal-8 and S. 

sisymbriifolium showed complete resistance against bacterial wilt and minimum virus 

infestation (0.00%, 0.00%, 8.00% and 8.00%) at 45 DAS, 60 DAS, 75 DAS and 90 

DAS were observed respectively. The remaining rootstocks showed susceptible 

performance to bacterial wilt and virus infestation at varying levels. The non-grafted 

tomato seedling also showed susceptible performance to bacterial wilt and virus 

infestation in field condition. Considering the growth, yield and yield contributing 

characters, and resistance potentiality to bacterial wilt and virus in field condition, it 

was revealed that tomato seedling of BARI hybrid tomato-10 grafted on BARI 

brinjal-8 was the most suitable rootstocks than other rootstocks used in the present 

study for summer tomato production. Tomato seedling grafted on S. sisymbriifolium 

could be the second choice.  
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Therefore, the following recommendations can be made from the present study: 

1. Tomato can be grafted on BARI brinjal-8 for controlling bacterial wilt and 

getting higher yield for summer tomato production. 

2. This technique could be explored in the nurseries for commercialization so 

that the growers of rural and urban areas could have the required number of 

grafted seedling with an affordable price. 

3. Further refine technology is required to find out more suitable rootstocks for 

summer tomato production. 
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APPENDICES 

 

Appendix I. Map showing the experimental site under study 

 The experimental site 
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  Appendix II. Monthly record of average soil temperature, relative humidity and 

  rainfall of the experimental site during the period from April, 2019

  to September, 2019. 

 

Month Air temperature (0C) Relative 

Humidity 

(%) 

Rainfall 

(mm) Maximum Minimum 

April 37.5 24.7 84.2 352 

May 35.7 25.3 84.4 385 

June 32.4 25.5 83.8 228 

July 36.8 24.9 83.5 573 

August 35.2 23.3 85.0 303 

September 33.7 22.6 83.8 234 
       Source: Bangladesh Meteorological Department (Climate and Weather division) Agargaon, Dhaka. 

 

     Apendix III. Analysis of variance (ANOVA) of the data on grafting success of 

      grafted tomato seedlings 

 

Source of variation 
Degree of 

freedom 

(DF) 

Mean square of 
 Grafting success (%) 

Replication 2 5.0556 

Treatment 5 92.5122** 

Error 10 2.6556 

Total 17  

     ** Significant at 1% level of probability 
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Appendix IV. Analysis of variance of the data on number of plant survived plot-1, 

  plant height, leaves plant-1, main and total branches plant-1 of  

grafted and non grafted summer tomato seedlings 

** Significant at 1% level of probability 

 

Appendix V. Analysis of variance (ANOVA) of the data on number of flower  

  clusters plant-1, flowers cluster-1, first flowering and 50% flowering of 

  grafted and non grafted summer tomato seedlings 

 

Source of 

variance 

 

DF 

Mean square of  

No. of clusters 

plant-1 

No. of 

flowers 

cluster-1 

1st  flowering 50% 

flowering 

Replication 2 0.1429 0.11127 0.42857 0.42857 

Treatment 6 12.8670** 1.40817** 6.08954** 3.09049* 

Error 12 0.3095 0.16627 0.76190 0.76190 

Total 20     
** Significant at 1% level of probability 

*Significant at 5% level of probability 

 

 

Appendix VI: Analysis of variance (ANOVA) of the data on days to first harvest and 

  harvesting duration of grafted and non grafted summer tomato  

  seedlings 

** Significant at 1% level of probability 

*Significant at 5% level of probability 

 

 

 

Source of 

variance 

 

 

DF 

Mean square of 
No. of 

plant 

survived 

(%) 

Plant height 

(cm) 

No. of 

leaves 

Plant-1 

No. of main 

branches   

plant-1 

No. of total 

branches 

plant-1 

Replication 2  13.000  25.000   7.000 0.00413 0.22453 

Treatment 6 366.39** 819.51** 492.31** 0.8010** 6.5191** 

Error 12  14.667  37.500  13.667 0.00895 0.15221 

Total 20      

 

Source of 

variance 

 

DF 

Mean square of 

Days to first harvest Harvesting duration 

Replication 2 2.7143 0.4286 

Treatment 6 19.1441* 35.8884** 

Error 12 4.3810 0.7619 

Total 20   
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Appendix VII. Analysis of variance (ANOVA) of the data on fruit length, fruit 

    width, fruits plant-1, single fruit weight and TSS of grafted and 

    non grafted summer tomato seedlings 

 

 

Source of 

variance 

 

DF 

Mean square of 

Fruit 

length 

(cm) 

Fruit 

width 

(cm) 

No. of 

fruits     

plant-1 

Av. single 

fruit 

weight (g) 

TSS (%) 

Replication 2 0.01860 0.00601  1.0000  1.0000 0.00143 

Treatment 6 5.26360** 0.93554** 24.1619** 66.0417** 0.01139** 

Error 12 0.03580 0.01301  2.0000  2.0000 0.00143 

Total 20      

** Significant at 1% level of probability 

 

Appendix VIII. Analysis of variance (ANOVA) of the data on fruit yield plant-1, 

     yield plot-1, yield tunnel-1 and yield ha-1 of grafted and non- 

     grafted summer tomato seedlings 

 

Source of 

variance 

 

DF 

Mean square of 
Yield plant-1 

(kg) 

Yield Plot-1 

(kg) 

Yield tunnel-1 

(kg) 

Yield ha-1 

(tons) 

Replication 2 0.01330  0.5714   42.86   1.714 

Treatment 6 0.11470** 61.2100** 5580.89** 161.368** 

Error 12 0.01280  1.2381   76.19   3.048 

Total 20     
** Significant at 1% level of probability 

 

Appendix IX. Analysis of variance (ANOVA) of the data on incidence of  

  bacterial wilt of grafted and non grafted summer tomato seedlings 

 

Source of 

variance 
DF Mean square of bacterial wilt (%) 

45DAS 60DAS 75DAS 90DAS 

Replication 2 0.00001 0.1429 0.143 0.143 

Treatment 6 0.06857** 80.0000** 342.857** 109.714** 

Error 12 0.00001 0.3095 0.310 0.310 

Total 20     
** Significant at 1% level of probability 

 

 

 



80 
 

Appendix X. Analysis of variance (ANOVA) of the data on virus infection of  

  grafted and non grafted summer tomato seedlings 

 

Source of 

variance 
DF Mean square of virus infestation (%) 

45DAS 60DAS 75DAS 90DAS 

Replication 2 0.143 0.143 0.4286 0.571 

Treatment 6 189.000** 150.000** 35.8571** 151.429** 

Error 12 0.143 0.310 0.7619 1.238 

Total 20     
** Significant at 1% level of probability 

 

Appendix XI . Analysis of variance (ANOVA) of the data on  pest and diseases of 

    grafted and non grafted summer tomato seedlings 

 

Source of 

variance 

DF Mean square of 

Southern 

blight (%) 

Black leaf 

mold (%) 

Mealy bug 

(%) 

Fruit borer 

(%) 

Replication 2 1.8571 1.7143 1.0000 0.1429 

Treatment 6 94.4286** 76.7143** 29.4286** 16.8571** 

Error 12 2.5238 3.0476 2.0000 0.3095 

Total 20     
** Significant at 1% level of probability 
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LIST OF PLATES 

 

                                                                

A. Rootstock seedlings 

 

         

B. Scion seedlings 

 

Plate 1: Seedlings of rootstock and scion in seed bed 
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Different steps of grafting (continued) 

 

 

2a 

2c 

 

2b 

2d 
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Plate 2: Grafting procedure of tomato  on rootstock 

 

2.a) Seedling of rootstock ready for grafting. 

2.b) Detopped the tip of the rootstock seedling and divided into two equal   

 halves by a vertical cut about 1 cm deep using a razor blade. 

2.c) Insertion of “V” shaped end of the scion into the vertical cut of the 

 rootstock. 

2.d) Grafted tomato seedling on a rootstock attached with a grafting clip. 

2.e) Spraying water on the grafted seedling. 

2.f) Grafted seedling in a shade house house covered with a sheet of 

 polythene and a black curtain. 

 

 

 

 

 

 

 

2f 2e 
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A. Tomato seedling grafted on S. sisymbriifolium    B.  Tomato seedling grafted on EG-203 

              

 C. Tomato seedling grafted on khag-1                       D. Tomato seedling grafted on khag-2

  

                

E. Tomato seedling grafted on khag-3                F. Tomato seedling grafted on BARI brinjal-8 

 

Plate 3: Grafted tomato seedlings 

T1 

T3 

T6 
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A. Outside of  the healing house 

 

B. Inside of the healing house 

Plate 4: Healing house for grafted tomato seedlings 

 

 

Plate 5. Polytunnels for summer tomato production 
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Plate 6. Transplantation of grafted and non-grafted tomato seedlings into the main field 

 

 

    

 

A. Irrigation                    B. Pheromone trap      C. Sticky trap             D. Anti-bird netting 

 

Plate 7. Crop management for grafted and non-grafted tomato at field condition 
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Plate 8. Vegetative stages of grafted and non-grafted summer tomato  

 

       

Plate 9. Flowering stage of grafted and non-grafted summer tomato  

 

                                                    

Plate 10. Fruiting stage of grafted and non-grafted summer tomato  

 

 

 

 


