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This experiment was carried out to study the performance of tomato cultivars (Salar, and Sandal) grafted 
on various rootstocks (Mocow; Solanum nigrum, Brinjal; Solanum melongena, and Chili; Capsicum 
annuum) at National Agricultural Research Centre Islamabad, Pakistan during the cropping season 2016 
using experimental design Complete Randomized Design (CRD) with two factors having 6 treatments 
replicated three times. The analysis of experimental results revealed that maximum number of days to 
1st flowering, plant height, total soluble solid, fruit dry matter content and disease incidence were 
recorded in chilli rootstock while more number of flower plant-1, and maximum stem diameter were 
recorded in Mocow rootstock. Maximum number of fruits plant-1, pH and graft take success were 
recorded in brinjal rootstock. Regarding cultivars, maximum number of days to 1st flowering, plant height, 
stem diameter, fruit dry matter content and disease incidence were recorded in sandal cultivar while 
maximum number of flower plant-1, fruits plant -1, total soluble solids, pH and graft take success were 
recorded in Salar cultivar. Interactive effect of  cultivar and rootstock revealed that maximum number of 
days to 1st flowering, plant height, TSS, fruit dry weight matter content, with minimum number of flowers 
plant-1, stem diameter and fruit juice pH were recorded when sandal cultivar was grafted onto chilli 
rootstock. Furthermore, minimum number of fruits plant-1 and total soluble solids were recorded when 
sandal cultivar was grafted onto brinjal rootstock. From the present research findings it could be 
concluded that salar cultivar grafted on brinjal rootstock has a potential for enhancing maximum yield 
and graft take success. 
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INTRODUCTION 

Use of grafted seedlings became a 
widespread agricultural practice in many parts of 
the world (Pogonyi et al., 2005). Grafting is an 
important technique for vegetable production 
(Lee, 2003). In the Mediterranean, where land use 
is very intensive and continuous cropping is a 
common practice, vegetable grafting is considered 
an innovative technique and is in increasing 

demand by farmers (Khah et al., 2006).Tomato 
(Solanum lycopersicum L.) is an important 
vegetable consumed worldwide. World production 
of fresh tomato for 2009 was about 141 million 
tons planted on 4.5 million hectares in 144 
countries (FAO, 2013). From 1990 and 2004 
global consumption of tomatoes increased 
approximately 4.5% each year (Aherne, 2009). In 
Pakistan tomato is consumed in diverse ways, 
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including raw, as an ingredient in many dishes, 
sauces, salads and drinks. Tomato producers 
often face production problems related to soil-
borne diseases and abiotic stresses that can 
reduce the yield and quality of fruit (King et al., 
2010). A number of methods are available to 
control soil-borne diseases, including: host 
resistance, crop rotation, organic amendments, 
solarization, chemical fumigants and biological 
control (Schafer, 1999). Grafting onto resistant 
rootstock has the potential to address concerns 
about chemical use while decreasing production 
limitations (Kaskavalci et al., 2009). Grafted 
vegetable plants were first used in Japan in late 
1920s in cucurbits to minimize soil borne diseases. 
Mostly, it is used on vegetables crops in 
solanaceae and cucurbitaceae families. In 
Mediterranean countries, grafting is widely used 
because of continuous cropping in production 
(Khah et al., 2006). In tomatoes production, 
grafting with vigorous and specific rootstocks help 
to control nematodes .Grafting is used to control 
soil-borne diseases such as fusarium wilt and 
verticillium wilt (Louws et al., 2010). Other 
advantages includes better tolerance to thermal 
stress (Rivero et al., 2003), salt tolerance and 
abiotic stresses (Schwarz et al., 2010). Plants 
form callus at the graft interface enables water 
flow from the rootstock to the scion when the 
callus develops vascular bundles (Moore, 1984). 
Insufficient connection of vascular bundles 
between the scion and the rootstock decreases 
the water flow (Ruiz et al., 1997).  Furthermore, 
graft incompatibility can induce undergrowth or 
overgrowth of the scion, which can lead to 
decreased water and nutrient flow through the 
graft union and cause wilting of the plant. 
Physiological incompatibility may also occur as a 
result of lacking cellular recognition, wounding 
responses, presence of growth regulators, or 
incompatibility toxins (Davis et al., 2008). The 
success or failure of grafting depends on various 
factors including taxonomy, environment, 
availability of oxygen and water, physiological 
stage of rootstock/scion, herbicide toxicity, the 
skill of the grafter and graft incompatibility 
(Andrews and Marquez, 1993). In plants, the more 
closely related rootstock-scion are, the better the 
chances for the graft to be successful (Copes and 
Oliver, 1970). A successful graft begins a 
sequence of events during the healing process 
including: callus proliferation from rootstock and 
scion, callus bridge formation, vascular 
differentiation and production of secondary xylem 
and phloem (Andrew and Marquez, 1993, 

Kawaguchi et al., 2008). The normal growth of a 
grafted plant may be interrupted at any stage of 
development due to incompatibility between scion 
and rootstock. Incompatibility could be directly 
related to undergrowth or overgrowth of the scion 
relative to the rootstock (Lee, 2007). 
 
MATERIALS AND METHODS 

 Experimental site and Design 
This experiment was conducted at National 

Agricultural Research Centre Islamabad, Pakistan 
under (shade house) condition during March-July, 
2016. The performance of two tomato hybrids was 
evaluated for their grafting on different rootstock. 
Three different rootstocks were used for the 
grafting (mocow, brinjal and Chilli pepper). The 
experiment was laid out in Complete Randomized 
Design (CRD) with two factor factorial 
arrangement having three replication as 
prescribed by Basit et al., (2019a). Factor A 
included different rootstocks such as pepper 
(Capsicum frutescens), mocow (Solanum nigram), 
and brinjal (Solanum melongena) while factor B 
comprised of tomato hybrids (sandal and salar). 
 
Planting materials and grafting 

Nursery of tomato cultivars (Salar and Sandal) 
were raised for scion purpose. For rootstocks, the 
nursery of brinjal (Solanum melongena) and 
pepper (Capsicum frutescens) were raised. While 
mocow (Solanum nigram) rootstock collected from 
different areas. Many tools (Scissor, Plastic bags, 
Knife and blades, Grafting clips, Clingfilm plastic 
sheet and Pots) were used for grafting. 

Salar and sandal cultivars at the stage of 2-3 
true leaves were used as scion and grafted onto 
pepper, moccow and brinjal rootstocks using the 
cleft procedure (Lee, 1994). A total of 3 plants for 
each combination of scion and rootstocks were 
grafted. The grafted saplings were kept for 5 days 
in a shade house with extreme day and night 
temperatures of 31 and 16 ºC, respectively. Then 
the grafted plants were acclimatized outside of the 
shade house before transplantation.  

Determination of plants’ morphological yield 
and quality variables 

Different morphological variables, yield and 
yield components were recorded. Number of days 
to flowering was counted from the date of sowing 
till initiation of first flower. Plant height and stem 
diameter were recorded at first harvest from the 
base of plant (2 inches above soil surface) using 
digital caliper as well as number of days taken to 
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first flowering were counted after transplanting. 
Similarly fresh fruit weight at each harvest was 
measured with electronic balance, for stem 
diameter Vernier caliper was used (Basit et al., 
2019b). Hand refractometer was used for total 
soluble solids and fruit juice pH was determined 
using pH meter. 

To check rate of plants infested among 
different cultivars of tomato on different rootstocks 
the following formula is used: 

Plants infested (%) =  No. of plants infected
total no. of plants

 grafted
⁄

× 100 
To check rate of success of grafting among 

different cultivars of tomato on different rootstocks 
the following formula was used: 
Graft success (%)

= (No. of plants graft take success)
/(Total no. of plants grafted) × 100 

Statistical Analysis 
The collected data were analyzed using CRD 

with two factorial through the statistical package 
“Statistix 8.1” as describe by Jandel Scientific 
(1991) and Basit et al., (2018). Means separation 
along with the treatment were done by using LSD 
(least significant difference) at 0.05 level of 
significance. 
 
RESULTS ANDDISCUSSION 

Days to first flowering, Number of flowers & 
Fruits plant-1, Plant height and Stem diameter 

The data regarding number of days to first 
flowering, number of flower plant-1, number of 
fruits plant-1, plant height and stem diameter is 
given in Table 1.The interactive response of 
rootstock and cultivar indicated that maximum 
number of days to first flowering were found in 
sandal cultivar grafted onto chilli rootstock, while 
minimum numbers of days to first flowering were 
found in salar cultivar grafted onto brinjal 
rootstock. Similarly, the interactive response of 
rootstocks and cultivars regarding the number of 
flowers plant-1  indicated that maximum value of 
number of flowers plant-1 were observed in cultivar 
salar when grafted onto mocow rootstock as 
compared to sandal cultivar grafted on chilli 
rootstock. Interactive response of rootstock and 
cultivar indicates that more number of fruits plant-1 
were found in salar cultivar grafted onto brinjal 
rootstock, while minimum number of fruits plant-1 
were observed in sandal cultivar grafted onto 
brinjal .The interactive response of rootstock and 
cultivar indicated that maximum plant height was 

found in sandal cultivar grafted onto chilli 
rootstock while minimum plant height was found in 
salar cultivar grafted onto mocow rootstock. The 
interactive response of rootstock and cultivar 
indicated that maximum value of stem diameter 
were observed in sandal cultivar grafted onto 
mocow rootstock, while minimum value of stem 
diameter were found in salar cultivar grafted onto 
brinjal rootstock (Figure 1). 

Our results are supported with findings of 
Matsuzoe et al., (1994) who reported that plants 
grafted on different rootstocks were different from 
non-grafted plants in terms of days to 1st 
flowering, days to 1st fruit maturity and days to fruit 
set. Ibrahim (1996) studied that grafted plants 
took maximum days to flowering as compared to 
non-grafted plants. Delayed flowering, fruit setting 
and fruit maturity is a common phenomenon due 
to grafting of the scion. It is because the normal 
time of plant growth both the vegetative and 
reproductive stage are under the stress of graft 
wound, which hinders the translocation of photo 
assimilates for growth and development. 
Furthermore when graft union is successful after 
some time period, then the flow of nutrients is 
started and physiological processes occurs, 
therefore it takes more days to flowering as 
compared to normal flowering of these cultivars. 
Our results are similar with Coggins and Lesley 
(1968) who studied that changes in number of 
flowers were recorded when grafting operation 
was practiced in vegetables. Grafting was found in 
favors of sweet potato with respect to flowering 
and it also affected flowering in tomato, pepper 
and eggplant as well. More number of flowers 
recorded in mocow rootstock due to that reason 
as compare to chilli, mocow rootstock has deep 
root systems which have greater impact number 
of branches and leaves, that provide the plant with 
more nutrients and hence more flower bud 
development occurs. Our results are similar with 
Marsic and Osvald (2004) who studied that a 
good result of grafting was observed when 
‘Beaufort’ was used as a rootstock and 'Monroe' 
cultivar was used as scion. In that grafted 
combination, the total fruit yield per plant  



Table 1; Days to first flowering, flowers plant-1, fruits plant-1, Plant height (cm) and Stem 
diameter (mm) of tomato as affected by grafting tomato cultivars (sandal and salar) on 

different rootstocks (chilli, mocow and brinjal). 

 
Means in the same category followed by different letter are significantly different at 5% level of 
significance. “*” represent significant differences at p<0.05. RS= rootstock, C= cultivars. 

 
Table 2. TSS (Brix0), Fruit juice pH, Fruit dry matter content (g), Disease incidence (%) 
and Graft takes success (%) of tomato as affected by grafting tomato cultivars (sandal 

and salar) on different rootstocks (chilli, mocow and brinjal). 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Means in the same category followed by different letter are significantly different at 5% level of 
significance. “*” represent significant differences at p≤0.05. RS= rootstock, C= cultivars

Treatments 
Days to first 

flowering 

No. of 
 flowers 
plant-1 

No. of fruits  
plant-1 

Plant 
height 
(cm) 

Stem  
Diameter 

 (mm) 

Rootstocks (RS)      

Chilli 47.50 a 61.08 c 11.50 b 196.00 a 0.62 b 

Mocow 46.50 a 71.61 a 12.67 a 189.33 b 0.67 a 

Brinjal 44.67 b 66.89 b 12.77 a 195.00 a 0.64 b 

LSD≤0.05 1.83 3.10 0.82 4.84 0.03 

Tomato cultivars (C)      

Sandal 47.22 a 63.03 b 12.05 b 197.56 a 0.66 a 

Salar 45.22 b 70.48 a 12.57 a 189.33 b 0.63 b 

LSD≤0.05 1.36 3.01 0.47 2.87 0.02 

Interaction 
     

RS x C Fig.1a Fig 1b Fig 1c Fig 1d Fig 1e 

Level of significance * * * * * 

Treatments 
TSS 

(oBrix) 
Fruit juice 

pH 

Fruit dry 
 matter 

content (g) 

Disease 
incidence (%) 

Graft takes 
 success (%) 

Rootstocks 
 (RS) 

     

Chilli 4.86 a 4.74b 30.98 a 33.50 a 66.50 c 

Mocow 4.83 ab 4.71b 25.17 b 27.77 b 72.83 b 

Brinjal 4.74 b 5.01a 30.22 a 17.00 c 82.67 a 

LSD ≤0.05 0.03 0.04 4.19 2.38 2.31 

Tomato  
cultivars (C) 

     

Sandal 4.79 b 4.69 b 30.18 a 27.33 a 72.33 b 

Salar 4.83 a 4.94 a 27.39 b 24.44 b 75.67 a 

LSD≤0.05 0.04 0.04 2.29 0.71 0.76 

Interaction 
     

RS x C Fig 1f Fig 2a Fig 2b Fig 2c Fig 2d 

Level of 
 significance 

* * * * * 
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Figure 1. No. of days to first flowering, No. of flowers plant-1, No. of fruits plant-1, Plant height, 
Stem diameter and Total soluble solid as influenced by interaction between different tomato 

cultivars grafted on various rootstocks. 
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Figure 2. Fruit juice pH, fruit dry matter content, disease incidence and graft take success of 
tomato as influenced by interaction between different tomato cultivars grafted on various 

rootstocks 
increased significantly in comparison with that of 
the non-grafted plants or when 'PG3' was used as 
rootstock. 
As brinjal have deep root system therefore it 
provide the plant with more essential nutrients and 
it also have a bushy structure with more branches 
and leaves that leads to more production of photo 
assimilates and therefore more leaves (source) 
formation improves the sink (flowering and fruit 
set). Ioannou et al., (2002) studied that plant 
height was significantly affected due to grafting 
under shade house conditions. Whereas in the 
field condition the “big red” cultivar grafted onto 
“heman” tomato cultivar resulted in maximum 
height than the control plants. Our results are 
similar with Lee (1994) who studied that grafted 
plants were taller and more vigorous than non-
grafted plants. It might be due to grafting, 
translocation of minerals, vitamins, plant growth 
regulators and carbohydrates slow down initially 

at the time of grafting. Which decreased the 
translocation of auxin (hormone produced in 
meristematic tissues responsible for plant height 
and roots development) into the rootstock, and is 
present in more quantity in the apical meristems 
that causes increase in plant growth and height as 
compared to normal plants. Our results are in 
similarity with Ioannou et al., (2002) and Lee 
(1994) who studied that grafted plants were more 
strong and taller than non-grafted ones and had a 
bigger central stem diameter. The grafted plants 
like brinjal have deep root system, and when it is 
used as a rootstock it takes more nutrients from 
soil transferring them to different plant parts. 
Hence causes vigorous growth in terms of stem 
diameter and plant height (Table 1). 
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Total soluble solid, Fruit juice pH, Dry matter 
content, Disease incidence and Graft take 
success 

Data regarding total soluble solid, fruit juice 
pH, dry matter content, disease incidence and 
graft take success is given in Table 2. The 
interactive response of rootstock and cultivar 
indicated that maximum total soluble solids were 
noted in sandal cultivar grafted onto chilli 
rootstock. Whereas, minimum total soluble solids 
were found in sandal cultivar grafted onto brinjal 
rootstock (Figure 1). The interactive response of 
rootstock and cultivar indicated that the highest 
fruit juice pH were found in Salar cultivar grafted 
onto brinjal rootstock, while minimum fruit pH 
were found in sandal cultivar grafted onto chilli 
rootstock. The interactive response of rootstock 
and cultivar indicated that highest dry matter 
content were found in sandal cultivar grafted onto 

chilli rootstock while minimum dry weight matter  
were found in salar cultivar grafted onto mocow 
rootstock.  Maximum disease incidence was 
observed in chilli rootstock, while minimum 
disease incidence was observed in brinjal 
rootstock. Similarly in cultivars, the maximum 
disease incidence was observed in sandal 
cultivar, while minimum disease incidence was 
observed in salar cultivar. In rootstocks, the 
maximum graft take success percentage was 
observed in brinjal rootstock, while minimum graft 
take plant success percentage was observed in 
chilli rootstock. Similarly in cultivars, the maximum 
graft take success percentage was observed in 
salar cultivar, while minimum graft take success 
percentage was observed in sandal cultivar 
(Figure 2). 

As the results indicated that the total soluble 
solids (oBrix) was found maximum when sandal 
cultivar was grafted onto chilli rootstock. Leoni et 
al. (1990) studied that fruit qualitative 
characteristics showed significant differences in 
terms of total soluble solids, fruit juice pH, and 
concentration of lycopene. However, fruit acidity in 
grafted plants cultivated in the open field was 
higher. Therefore, the above results are in 
agreement with others researchers who studied 
that fruit descriptive and qualitative characteristics 
were affected by grafting. Similarly in terms of 
quality traits Salar cultivar was more prominent as 
compared to sandal cultivar of tomato. Our 
studies are in line with Leoni et al., (1990) who 
reported that grafting had a significant effects on 
fruit pH, total soluble solids and lycopene 
concentration and firmness. Fruit acidity in grafted 
plants (Big red x Heman), cultivated in field 

conditions was greater than (Big red x Primavera) 
self-grafted plants. The dry matter content has 
been significantly increased. Paratore and 
Romano (2001) reported that the dry matter 
content in grafted tomato seedlings (‘Beaufort x 
Rita’) was higher than the non-grafted tomato 
seedlings. Ali (1994) reported that fruit dry weight 
matter is qualitative parameter. It is because in 
grafted plants the accumulation of dry matter is 
higher than non-grafted. The lower success of the 
tube grafts could be associated with desiccation, 
therefore in order to increase the graft success a 
misting chamber could be used to maintain high 
relative humidity and low level of ambient light. 
Kawaguchi et al., (2008) studied that important 
point in grafting is having good graft compatibility 
and graft union that depends on the compatibility 
of rootstock and scion. Through cleft grafting 
method, graft take success rates of 100 % were 
obtained when eggplant rootstock was used, 
similarly when SM3 rootstock was used, 70 % 
graft take success was observed. When the 
interspecific hybrid Solanum Melongena X 
Solanum Incanum were used as a rootstock and 
scion 80 % graft take success was found. 

CONCLUSION 
From this study we concluded that “Sandal” 

cultivar grafted on chilli rootstock gave maximum 
plant height, number of days to first flowering and 
“Salar” cultivar grafted on “mocow” rootstock 
resulted in maximum number of flowers plant-1 
while “Salar” cultivar grafted on “brinjal” rootstock 
gave maximum number of fruits plant-1, pH, and 
percent graft take success. Therefore on the basis 
of results it is recommended that “Salar” cultivar 
should be grafted onto “brinjal” rootstocks for 
achieving better production. 
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