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Introduction

Grafting herbaceous seedlings is a unique hor-
ticultural technique practiced for many years
in East Asia, to solve problems associated with
intensive cultivation given limited arable land
for vegetable production. According to Lee
and Oda (2003), a self-grafting technique to
increase fruit size in bottle gourd, by increas-
ing root volume through bunch grafting, was
described in an ancient book written in China
in the 5 century and in Korea in the 17*" cen-
tury (Mudge et al,, 2009).

The first record of interspecific grafting in
fruit-bearing vegetables as a strategy to man-
age pests/diseases and to increase yield was
for watermelon [Citrullus lanatus (Thunb.)
Matsum. & Nakai], using a squash (Cucurbita
moschata Duch.) rootstock and Lagenaria
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M Figure 1. Total number of grafted seedlings and grafted seedling companies
in Turkey from 2001 to 2015 (Young Plant Union, 2015).

M Figure 2. General view of grafted watermelon seedlings from Antalya (Antalya Tarim, 2015).

siceraria (Ashita, 1927). This graft was report-
edly performed by a watermelon producer in
Japan (Tateishi, 1927). The success of these tri-
als led to increased numbers of grafted veg-
etable species and a larger cultivation area.

Research on cucumber (Cucumis sativus L.)
grafting also started in the late 1920s, but
wider commercial applications did not occur
until 1960 (Sakata et al,, 2007). In the Solanace-
ae family, the first grafted crop was eggplant
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(Solanum melongena L.) on scarlet eggplant
(Solanum integrifolium Poir.) in the 1950s (Oda,
1999). Grafting tomato (Solanum lycopersicum
L.) was introduced as a commercial practice
in the 1960s (Lee and Oda, 2003). At present,
grafted plants are used for fruit production of
most watermelon, tomato, eggplant, cucum-
ber, melon and pepper. Grafting of these crops
is performed for both open field and protect-
ed cultivationin Japan and Korea, as well asin
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China, Spain, Italy, Greece, Turkey and Israel. In
short, grafting occurs wherever fruit bearing
vegetables are being cultivated intensively
(Ryu et al, 1973; Lee, 1994; Davis et al., 2008).

The ban of methyl bromide (MB) soil fumiga-
tion led to research on alternative control
methods for soil borne pathogens in vege-
table production, particularly in protected
cultivation. Although alternative chemical
applications and other cultural practices have




W Table 1. Major advantages and disadvantages of grafting in vegetables (Lee et al,, 2010).

Advantages Disadvantages

Disease resistance/tolerance

Nematode resistance/tolerance

Yield increase

Low temperature tolerance

High temperature tolerance

High salt tolerance

Wet soil tolerance

Enhanced nutrient uptake

Enhanced water uptake

Shoot growth promotion

Multiple and/or successive production
Heavy metal and organic pollutant tolerance
Quality changes

Convenient production of organic wastes
Ornamental value for exhibition and education

Additional expenses for rootstock seed
Additional labor cost

Experienced labor needed

Selection of scion/rootstock combinations
Different combinations for production season
Different combinations for production methods
Increased infection of seed borne diseases
Increased vegetative growth

Delayed fruit harvesting

Lower fruit quality (taste, color, flavor, etc.)
Physiological disorders

Late incompatibility

Requirement of different cultural practices
Higher price of grafted seedlings

Insufficient information about new scion/rootstock

Extended harvest period

combinations

been tested and developed, one of the best
methods to control soil borne diseases is to
graft susceptible cultivars onto resistant root-
stocks. Furthermore, grafting onto suitable
rootstocks affects plant growth parameters,
including flowering, fruit maturation date,
yield, and quality. After MB fumigation was
phased out in Turkey, researchers and pro-
ducers began to use grafting as an alterna-
tive method to avoid soil borne pests and
diseases. The advantages and disadvantages
of using grafted seedlings are listed (Table 1).
Grafting of fruit bearing vegetables is used
to control soil borne wilt diseases caused by
Fusarium and Verticillium (Lee, 1994; Yetisir
et al, 2003), to increase low temperature tol-
erance (Tachibana, 1989), salinity tolerance
(Behboudian et al, 1986), and to increase
plant growth and fruit yield by enhancing
water and nutrient uptake (Lee, 1994; Oda,
1995; Ruiz et al.,, 1996, 1997).

Cucurbit species (watermelon, melon and
cucumber) are grafted onto Cucurbita
moschata, C. maxima, C. ficifolia, Benincasa
hispida or Lagenaria siceraria; onto interspe-
cific (C. maxima and C. moschata) hybrids
rootstocks (Lee, 1994; Oda, 1995) or onto root-
stocks of the same species. Tomato is grafted
onto Solanum lycopersicum, S. melongena,
and S. lycopersicum x S. habrochaites. Egg-
plant is grafted onto S. melongena and S.
torvum, and pepper onto Capsicum annuum.
Currently, several rootstock cultivars for veg-
etable grafting have been bred and released
by Turkish and international companies.
Grafting in fruit bearing vegetables was sug-
gested in vegetable growing courses in Turkey
in the 1980s. The first scientific research was
conducted around that time on the effect of
double root systems on yield and quality of

M Figure 3. General view of grafted tomato seedlings from Antalya (Antalya Tarim, 2015).

tomato (Dizdaroglu, 1985). It was followed
by Vuruskan (1989) investigating the effects
of tomato rootstocks on graft compatibility
and yield in eggplant. Until 2000, there were
no reports published on vegetable grafting
in Turkey. However, research and commercial
applications of vegetable grafting in Turkey
began after 2000, and was accompanied by
the expansion of protected vegetable culti-
vation. Preliminary studies on watermel-
on grafting were performed but they were
unpublished. In an initial study on watermel-
on grafting, ‘Crimson Tide’ was grafted onto
10 different rootstocks and all grafted plants
exhibited resistance to Fusarium oxysporum
f. sp. niveum. Grafted plants had significant-
ly greater vegetative growth, fruit yield and
quality, except in cases of graft incompati-
bility (Yetisir et al, 2003). After the first suc-
cessful trial on grafted watermelon produc-
tion, private companies and public research
institutes carried out several experiments on

grafted watermelon. Research on the effect of
using rootstocks for fruit bearing vegetables
on biotic stresses (Yetisir et al, 2003; Yilmaz
et al, 2007; Curuk et al, 2010; Karaca et al,
2012; Karaagac, 2013), abiotic stresses (Ozmen,
2009; Yetisir and Uygur, 2009, 2010; Oztekin,
2009; Semiz and Suarez, 2015), yield and qual-
ity (Yetisir and Sari, 2003; Yarsi, 2003; Oztekin,
2009; Cansev and Ozgur, 2010; Karaca et al,
2012; Karaagacg, 2013; Ozdemir et al,, 2016) and
rootstock breeding (Yetisir et al, 2007; Karaca
et al, 2012; Balkaya et al,, 2010) were conduct-
ed for different vegetable species. Currently,
many Turkish researchers are examining the
mechanism of stress physiology and qual-
ity in relation to grafting. Their results are
published in Turkish research journals and
presented at symposia and congresses. The
number of articles published in indexed inter-
national journals is also gradually increasing.
The high costs associated with the production
of grafted seedlings, particularly the costs of
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M Figure 4. Number (million) of grafted seedlings for the four major
vegetables from 2010 to 2015 in Turkey (Young Plant Union, 2015).
W Table 2. Rootstocks used in solanaceaous crops in Turkey.

Tomato Eggplant Pepper
61-53RZ Force Mecano Ahtapot KNLF Gelafut
Arazi Ground Nirvana Beafourt Maxifort Capital
Arstrong Hamarat Rootex Brutus Nirvana DR0O3413
Beufort Heman Resistar Emperador  Rootex Faundation
Big Power Kemerit Spirit Endam Sarafin Ferrai
Body King Kong Tm 10043 Kemerit Tpk-Ro Gucla
Brigeor KNFL To-Ro King-Kong Yedi Harry
Buffon Kudret Vigomax Kapital
Dohkko Kyndia Yedi Scarface
Endam Maxifort Snooker

Tresor
W Table 3. Rootstocks used in cucurbitaceaous crops in Turkey.
Watermelon Cucumber Melon
Ayfer Port Dinamo Obez 64-10 RZ Harry Azman
All Star Ferro Parlatan Affyne RZ Maximus Cobalt
Argentario Flexiport RS841 AS3507 Mendoza Ferro
Avar Jumbo Shintoza Cobalt RZ Nun 9075 Flexiport
Azman Macis Strong Tosa | Delfin Obez Jumbo
Carnivor Maximus Vitally Desousa Parlatan Nun 9075
Cobalt Rz Macis Zorba Ferro RS841 RS841
CSQ1371 Nun 9075 GS20002 TZ148 Spinx RZ
GS2005 Zorba Strong Tosa

intensive labor, rootstock seed and after-graft
care, have prevented this technology from
being widely adopted in Turkey. However, in
the early 21t century, mass production tech-
niques for grafted vegetable transplants were
improved, and new rootstocks with desir-
able traits and compatibility with selected
scion cultivars and grafting technology were
introduced from Europe. This was achieved
through the marketing efforts of local and
international seed companies and through
information exchange among research com-
munities. Grafted vegetable seedling produc-
tion has increased markedly during the last
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decade (Young Plant Union, 2015). The purpose
of this article is to briefly describe the scien-
tific and commercial status of the grafted
vegetable seedling sector in Turkey.

Present status of vegetable
grafting in Turkey

Vegetable seedling production has exhibited
remarkable development during the last 20
years. More than 100 vegetable nursery com-
panies produce more than 4 billion vegetable
seedlings annually. Since 2001, Turkish compa-
nies have introduced and developed grafting
methods suitable for commercial vegetable
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W 2013
W 2014
2015

Watermelon Tomato Eggplant Cucumber

M Figure 5. Proportion (%) of seedlings
of watermelon, tomato, eggplant and
cucumber that were grafted from 2013 to
2015 in Turkey (Young Plant Union, 2015).

production. Grafted seedlings of watermelon,
tomato, eggplant, cucumber, melon and pep-
per are produced by 33 seedling companies
in Turkey. In 2015, they produced 175 million
seedlings. The total number of grafted seed-
lings in Turkey has increased more than ten-
fold in the last decade (Figure 1).

The grafted seedling industry in Turkey is
located mainly in Antalya Province, where a
significant amount of protected vegetable
cultivation occurs. In addition, about 2 mil-
lion grafted watermelon seedlings have been
exported to neighboring countries, such as
Bulgaria and Hungary. Turkish companies
have made considerable investments in veg-
etable transplant (grafted/ungrafted) pro-
duction areas, particularly in infrastructure
and human resources. The sector has gained
significant experience and knowledge with-
in this period. Many companies have been
established that can produce healthy and
high quality grafted/ungrafted seedlings
(Figures 1-3). The number of grafted seed-
lings based on species and year, from 2010 to
2015, is shown in Figure 4. As in other coun-
tries, tomato (with 74 million transplants
per year), and watermelon (with 77 million
per year), were the most grafted vegetable
species. Eggplant and cucumber followed.
Recently, production of grafted melon and
pepper has begun. In 2015, 260,000 seedlings
of melon and 70,000 seedlings of pepper were
grafted. Producers are looking for melon and
pepper scion/rootstock combinations that
will result in higher yields and quality under
common biotic (soil borne pests and diseas-
es)and abiotic (low soil temperature, salinity,
and high pH) stresses.

The proportion of seedlings that were grafted,
for the four major grafted vegetables, has




M Figure 6. Splice/cut grafting method in cucurbits. A. rootstock preparation; B. prepared scion; C. insertion of tube and scion;
D. grafted watermelon seedling; E. replanted grafted watermelon seedling; F. seedling in post graft care unit;

G, H. grafted seedling ready to transplant.

increased over the last 10 years and the trend
from 2013-2015 is shown in Figure 5. In 2015,
the proportion of watermelon, tomato, egg-
plant and cucumber that were grafted was 88,
12,26 and 8%, respectively. Most of the grafted
seedlings are used in protected cultivation
(lower plastic tunnels and greenhouses) in the
Mediterranean and Aegean regions of Turkey.

Grafting methods and rootstocks

Different grafting methods have been
applied to the cucurbitaceous family in Tur-
key. Approach, cleft, hole insertion, splice
grafting (cut or single cotyledon), and root
removal with splice, are just a few of the
techniques employed.

Splice/cut grafting (Figure 6) is the most pop-
ular technique used by Turkish producers
because it is suitable for use with interspe-
cific squash seedlings as rootstocks. The root
removed splice/cut grafting method is anoth-
er common procedure used by Turkish seed-
ling companies.

Tube, approach and cleft grafting methods
are used for solanaceous vegetables. Tube
grafting (Figure 7) is commonly used by nurs-
ery houses. Detailed information about vege-
table grafting techniques has been previously
described (Davis et al,, 2008; Lee et al., 2010). At
present, manual grafting is still the primary
form of grafting for vegetables in Turkey.
However, semi or fully automated grafting

robots have been developed by several agri-
cultural machine companies. Some models
are available from the Far East and some
from European countries. Vegetable species
are grafted onto intra- or inter-specific hybrid
rootstocks bred from species mentioned
above. There are many rootstocks used in
Turkey for solanaceous (Table 2) and cucurbi-
taceaous (Table 3) crops.

Present problems of vegetable
grafting in Turkey

Turkey is an important vegetable-producing
country. One key component for successful
high quality and high yielding vegetable pro-
duction is to begin with high quality trans-
plants. Seedling quality is one of the primary
concerns among farmers. High quality trans-
plants can be produced through grafting
and more farmers are purchasing grafted
seedlings from professional nurseries. There
remains considerable potential to increase
the use of grafted seedlings using suitable
scion/rootstock combinations in Turkey. How-
ever, the followingissues should be addressed
to overcome limitations of grafted vegetables.

The high cost of grafted seedlings

Grafted seedlings are expensive. This high
cost is the result of extra labor and invest-
ment. Investment is needed for propagation
and grafting, the long production period, and

rootstock costs. With the rapid increase in
Turkish labor costs, the increasing expense of
producing grafted seedlings often discourag-
es potential growers. Therefore, investigation
into easy grafting methods, mechanization
of grafting and improved acclimatization sys-
tems will assist in the mass production of
grafted seedlings at a lower cost.

Sanitation problems in grafted
seedling production

Seed borne diseases (bacterial fruit blotch,
bacterial canker, and cucumber green mottle
mosaic virus) are a serious problem in both
grafted and ungrafted seedling production.
Seed testing and disinfection are neglected in
some seedling nurseries. However, transmis-
sion of diseases in the production process of
grafted seedlings occurs more easily than in
regular seedling production. This is probably
because some diseases can be transmitted
easily by cutting tools from seedling to seed-
ling. In addition, the cut surfaces of both the
rootstock and the scion may be easy entry
points for pathogens, and high relative humid-
ity and ambient temperature in the healing
chambers promote the spread of diseases.

Lack of compatible multi-
disease resistant rootstocks

Appropriate rootstocks can provide disease
resistance, better abiotic stress tolerance,
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M Figure 7. Tube grafting method in tomato. A, B. rootstock preparation; C. rootstock, cut and tube inserted; D. prepared scion; E. grafted
tomato seedling; F. replanted grafted tomato seedlings in post graft care unit; G. grafted seedling with double shoot (Altin Fide, 2015).

and higher yield and product quality. Unfor-
tunately, commercial rootstocks with desired
traits and high graft compatibility are limited.
Hence, breeding and identification of com-
patible multi-disease resistant/tolerant root-
stocks with tolerance to abiotic stresses is a
basic requirement for continued success. In
addition, breeding rootstocks tolerant to high
temperature for long season cultivation, and
cucurbit rootstocks that have small cotyle-
dons, will be high priorities in future research.

Limitation of available
rootstock information

Most seedlings are currently grafted onto a
limited number of common rootstocks. There
is only limited information on the use of
other rootstocks, compatibility to other cul-
tivars, and performance of grafted seedlings
in various climatic and cultural conditions.
Information about cultural practices for each
rootstock (grafting through to harvest) and for
every growing condition should be provided
to nursery house owners and producers.

Some negative effects of
grafting on fruit quality

Fruit quality of watermelon and melon can
be negatively affected by rootstocks. For
instance, a reduction in fruit soluble solids
content was reported in some studies (Yetisir
and Sari, 2003). There are several conflicting
reports on the effect of grafting on fruit qual-
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ity. The differences observed in the various
studies may be the result of different grow-
ing conditions and agricultural practices,
types of rootstock/scion combinations used,
and harvest dates. Thus, it is very important
to breed rootstocks that produce high qual-
ity vegetables.

The small scale of grafted
seedling production

Small scale systems to produce grafted seed-
lings cannot ensure the quality (physiologi-
cal and pathological) of the seedlings. Proper
acclimatization and sanitation are critical for
grafted seedlings to survive. The failure of
small scale producers to control and maintain
suitable conditions during the healing and
hardening processes can result in lower quali-
ty grafted seedlings.

Conclusions and future prospects

Vegetable grafting has been successfulin many
Asian countries since the 1950s, and is becom-
ing increasingly popular worldwide. New root-
stocks have been developed and distributed
by several multinational breeding companies
through their commercial activities. Breeding
and identification of suitable rootstocks for
each species with tolerance/resistance to biot-
ic and abiotic stresses is a basic requirement
for successful ongoing application of this tech-
nique. The development and introduction of
mechanization and automation technology
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will promote large-scale production, which
will reduce costs. Efficient labor management
has been recognized as a key to success in
mass production of grafted seedlings. Vege-
table producers in Turkey can now purchase
grafted seedlings of any specific combination
from many commercial nursery houses rather
than doing the tedious grafting themselves.
Although the advantages of grafted seedlings
are now well known around the world, produc-
tion of uniform, healthy grafted seedlings at a
feasible cost is the crucial factor limiting wider
use, especially for those growers with limited
experience and knowledge. The Young Plant
Union has established an open access data-
base, which will provide information about
rootstocks, scion/combination, and cultural
practices of grafted material. This database
will benefit from the participation of all stake-
holders and will help to improve the success of
this technology. Researchers from universities,
research institutes and industries should work
together to develop the use of this technology
as a critical tool for sustainable vegetable pro-
duction in Turkey.
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