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ABSTRACT

Use of grafted seedlings has become a widespreadultigral practice in
many parts of the world. It is an important teclhugidqo improve crop production of
vegetable crops such as tomato, watermelon, muskmetc. This study was
undertaken to evaluate the effects of differentstmaks on performance of grafted
tomato and to determine the suitable rootstockh&nexperiment, local cultivars of
eggplant  §qé:0esom), hot  pepper ¢opS:0€:8:ec0né) and  tomato
(eoqpaddeslé:36:) were used as rootstocks and commercial tomativau(Platinum

701) was used as scion. Three sets of experimevaspOt experiments and one field
experiment) were conducted at the Department oftitldture and Agricultural
Biotechnology, Yezin Agricultural University from024 to 2016 using Randomized
Complete Block Designs (RCBD) with 4 replicatioResults indicated that all tested
local types (eggplant, tomato and hot pepper) assible to use as rootstock for
tomato production since the grafting success aimver 70%. Leaf emergence rate
(Plastochron da3) was faster and plant height was taller in theftgdaplants than
non-grafted plants. Increased photosynthesis effay with higher chlorophyll
content leads to enhanced plant growth and repto@udevelopments of grafted
tomato (0.81 and 58.7) compared with the non-gdatemato (0.75 and 52.3).
Marketable yields were also higher in the grafemato (4146.1 g plat) than non-
grafted tomato (2491.7 g plaht Among the plants, grafted plants with rootstotk
local eggplant produced the highest marketable ftigld (5071.4 g plart) followed
by grafted plant with rootstock of local tomato 9383 g plant) and local hot pepper
(3472.6 g plant). However non-grafted plants showed the lowestketable yield
(2491.7 g plant) in field production. The results suggested thafting on suitable
rootstock has positive effects on plant growth &t yield of tomato and local
eggplant rootstock was the most suitable rootstocthe grafted tomato.

Keywords-tomato, rootstock, scion, growth, development, gréihg
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CHAPTER |
INTRODUCTION

Tomato (ycopersicon esculentum Mill.) is one of the most economically
important vegetable crops and widely cultivatedha world. World production of
fresh tomato for 2012 was abdl1.8 million tongplanted on 4.8 million hectares in
144 countries (FAOSTAT 2012). In 2012, tomato pithin was valued at 58 billion
dollars and tomatoes were the eighth most valuadplieultural product worldwide. In
Myanmar, tomato production for 2015 was 1,343,177 planted on 110,157
hectares. Tomato is consumed as fresh, cookedomessed into various products
such as tomato paste (puree), sauces, juice, cammeddried tomatoes that are
economically important processed products (Naikal.e2005). Tomatoes contribute
to a healthy, well-balanced diet. They are riclitamins A and C, iron, phosphorus,
amino acids, sugars and dietary fibers.

Tomato is susceptible to numerous soil-borne deseasd abiotic stress that
cause significant losses in vegetable yield ever yRivard and Louws 2008). Root
knot nematodes caused a 53% - 62% loss of yieBaimgladesh (Ali et al. 1994).
European greenhouses have reported yield losseg tf 75% due to corky root rot
(Hasna et al. 2009). In Japan, soil-borne diseeaesause loss of as much as 6% of
the vegetables production (Oda 1999). Abiotic s&sslimit production of many
crops. These stresses include temperature, drongtitents, and salinity. Estimates
of the effect of abiotic stress on global agrictdtsuggest that up to 70% of crop
production is affected by environmental constra{@samer et al. 2011).

There are different ways to prevent soil-borne aiss such as crop rotation,
breeding programs, soil fumigant (Rivero et al. 20¥etisir and Sari 2003).
Difficulties in chemical control of these diseasalssence of crop rotation and sexual
barrier between tomato and its wild relatives iatkcthat the only short-term practical
solution of the problem. However, developing neuticars resistant to diseases is
time-consuming and enhances the chances of thstamesicultivars becoming
susceptible to new races of pathogens.

Vegetable production by grafting on resistant rwuiss has become a
common practice to control soilborne pathogense@safly for the cultivation of
cucumber, melon, watermelon, tomato, pepper anglaggin greenhouses in Japan,

Korea, China and some other Asian and Europeantiiesir{Lee 1994; King et al.



2008). Grafting vegetables is becoming popular;amby to control soilborne diseases
but also to create a higher tolerance to abiotit steesses (Rivero et al. 2003).
Grafting may enhance tolerance to abiotic streseesgase yield, and result in more
efficient water and nutrient use; extend harvesiogs, and improve fruit yield and
quality (Oda 2002; Lee and Oda 2003; Rivero e2@D3; Hang et al. 2005). Grafting
technology is a reliable alternative method for omgrcial tomato production where
soilborne diseases, nematodes, flooding and varusiological disorders are
prevailing (Win 2003).

Proper selection of rootstock is the key factortigher fruit yield and quality
of scion. Rootstocks are selected for their ability to residection by certain
soilborne pathogens or their ability to increasgoviand fruit yield, and the expected
level of vigor, relative to scion. The use of rdotks offers many potential benefits,
such as resistance to a wide range of pathogehe isoil, resistance to abiotic stress,
and increased yield and fruit quality. Howevgrafted plants with weak rootstocks
elicited lower yields than vigorous rootstodie use ofSolanum torvumas rootstock
was reported to confer resistance to Verticilliunit, wrusarium wilt, bacterial wilt
and root knot nematode (King et al. 2008).

Tomato can be grown throughout the whole Myanmagrerta shift from large
scale agribusiness to smaller scale, localized mqgpwan be seen and a large scale
traditional hydroponics system is still being useday at Lake Inle. A serious
problem of tomato cultivation in lowland area of dynar is a decrease in yield due
to soilborne diseases, high rainfall and heat strflyanmar tomato production was
limited by poor fruit set and lower fruit yield ceed by high rainfall intensity in rainy
season and heat stress in summer. Myanmar tonrater® are facing problems due
to the climate change which leads to outbreak stgpand diseases, physiological
disorder, flooding, drought and heat stress. Grgftin the rootstocks with desirable
traits is one of the problem solving methods torocome these production problems
of tomato. However, limited information on commaily available rootstock
varieties and their combinations with popular ssiecurrently a major barrier to the
wider application of grafting in commercial tomgaduction in Myanmar.

Therefore, the experiment was carried out withftilewing objectives:

(1) To evaluate the effects of different rootstoos the growth and

development of grafted tomato.

(2) To determine fruit yield of grafted tomatoesusing different rootstocks.



CHAPTER II
LITERATURE REVIEW

2.1 Effect of Grafting on Plant Behavior
2.1.1 Fruit yield

Eggplant grafted onto tomato rootstock showed imgdoyields as a result of
increased fruit size and number compared to noftegkacontrols (Passam et al.
2005). Grafting is associated with noticeable imato fruit yield as a result of
increased fruit size (Augustin et al. 2002; Pogoetyal. 2005). In oriental melons,
fresh fruit weight increases of 25~55% have beponted as compared to own-rooted
plants. Up to 54% increase in marketable yield whgined with Kagemusia and
51% with Helper rootstocks in tomato (Chung and 2667). The use of rootstocks
to improve fruit yield is already a common practioe successful production of
Cucurbitaceae (cucumbers, squash, and melon) atpre-ground cultivation during
the cold seasons in Japan and Korea, when lowesoperatures may seriously affect
the performance of seedlings or may even kill ti{feee 1994). Lee (1994) found an
increase in yield which was attributed to the vigdrthe rootstock and the higher

uptake of water and nutrients.

2.1.2 Fruit quality

Fruit quality was affected due to the rootstockesdnteraction. This could
induce the overgrowth and undergrowth of the sdieading to important changes in
water and nutrient flow uptake. The solutes assediawith fruit quality are
translocated in the scion through the xylem, whempaality traits, e.g. fruit shape,
skin color, skin or rind smoothness, flesh textawed color and soluble solids
concentration are influenced by the rootstock (Mitto et al. 2012). Brix value (Total
Soluble Solid, TSS) in the tomato is mainly sugdrsctose). Flavour is generally
related to the relative concentrations of sugads aoids in the fruit, mainly fructose
and citric acid. The best, most flavors some coatin is a high sugar and high acid
content. Flores et al. (2010) found that fruit frolyndia’, an indeterminate
commercial cultivar, grafted onto ‘UC82B’, a deteémate processing tomato known
to have high soluble solid content, had higher ESScompared to fruit harvested

from self-grafted tomato plants.



The fruit size of watermelons grafted to rootstdwhving vigorous root
systems is often significantly increased compacethé fruit from intact plants. It is
also known that other quality characteristics, sasHtruit shape and skin color, rind
thickness, and soluble solids concentrations aflaeimced by rootstock (Cushman
and Huan 2008).

2.2 Usage of Different Rootstocks

Rootstocks can improve resistance to diseasesabtht system and they can
impart tolerance to abiotic stress. Rootstocksatam restrict or enhance the uptake of
specific nutrients, having higher ability to take autrients and others restricting
specific transport. Santa-Cruz et al. (2002) suggethat grafting might be a valid
technique for tomato under saline conditions. @rgftvith tolerant rootstock is also
effective at overcoming abiotic stresses such hsitya(Rivero et al. 2003; Estan et
al. 2005; Cuartero et al. 2006 ), thermal stresbdédmageed et al. 2004), and
excessive soil moisture (Black et al. 2003).

Rootstocks offer a potential solution to reducertbgative effects of high salt
concentration and avoid damage by salinity (Veneia. 2008). Estafi et al. (2005)
demonstrated that grafting onto appropriate rookstoould reduce ionic stress.
Grafting provides an alternative way to confer salérance on the scion through the
rootstock. Depending on the rootstock genotypeftegtaplants may grow under
conditions of heavy metal contamination by minimgitransport of heavy metals
(Cu, B, Cr, Cd) into the fruit or leaves, using aananism of restricted uptake (Estari
et al. 2005; Arao et al. 2008; Savvas et al. 2@2%yvas et al. 2011).

The use of wild eggplant genotypes for rootstockamato production has
also been well-documented (Matsuzoe et al. 1993)d &hgplant rootstocks are
resistant to bacterial wilt as well as root-knoma¢odes. Similarly, grafting eggplant
onto wild Solanunrootstock showed significant yield increases aspamed to self-
grafted controls (Ibrahim et al. 2001; Rahman ek@D2). According to Rivard and
Louws (2006), grafting with a disease resistant higgthly vigorous rootstock is an
important component in an integrated approach toage soil borne disease and
improve yields. The use dfolanum torvum as rootstock was reported to confer
resistance td/erticillium wilt, Fusariumwilt, bacterial wilt and root knot nematode
(King et al. 2008). Wild eggplant rootstock for tatnes has allowed plants to cope
with hot-wet seasons, including flooding, waterdwg and high temperature (Black



et al. 2003; King et al. 2010). Rivero et al. (2P@8afted tomato onto a heat tolerant
rootstock [. esculentum cv. ‘RX-335’), and demonstrated resistance to high
temperatures which resulted in superior plant b&sna grafted plants compared to
non-grafted plants.

Grafting onto resistant rootstocks has the potketdiaddress concerns about
chemical use while increasing production efficiefcAvoy et al. 2012). Currently,
interest in breeding for improved rootstock is @asing rapidly in the private sector
due to cost effectiveness and expanded diseasstanes (King et al. 2010).

2.3 Grafting Method

Selecting the most appropriate grafting techniquestntake considerations for
the rootstock, plant maturity, quantity of plantsgraft, environmental control and
healing structure. There are three main graftindhriggues used in tomato: splice
grafting, slide grafting and cleft grafting.

Splice grafting is also known as slant-cut graftitudpe grafting or top grafting
(Oda 1999; Rivard and Louws 2006; Oda 2007; Sa&htl. 2007). This technique
allows plant material to be grafted at a youngex agh seedlings grafted when the
stem is 1.5-2 mm in diameter and plants have dpedl@-4 true leaves (Rivard and
Louws 2006; Kubota et al. 2008). Rootstock andrseice grafted at 45° angles and
held together with a grafting clip. The rootstoskcut at a 45° or greater angle below
the cotyledons to prevent adventitious shoot foionatrom the rootstock (Bausher
2011). Steeper angled cuts maximize surface arealtirgy in greater pressure
between scion and rootstock, more contact betwasowar bundles, and thus higher
survival. Splice grafting is the most commonly ugedhnique for producing large
numbers of grafted plants, as it is possible tdtgrants 2-3 times faster and at a
younger age than other methods (Oda 1999; Oda Rié&rd et al. 2010). When
grafting large quantities of plants, grafting whgants are smaller in size maximizes
space usage in healing chambers and greenhousebythieducing costs (Oda 2007;
Kubota et al. 2008). Nearly all commercial tomatafting and most eggplant grafting
operations are done using the splice grafting tecken(Oda 1999; Oda 2007; Rivard
et al. 2010). However, splice grafting can have Ilswvival rates if the healing
environment is not optimal. Obtaining high survivath this technique requires that
the graft union be secured by a grafting clip arehleéd in a high humidity

environment such as a healing chamber (Sakata 20@T).



The major advantage of side grafting is that thethad is more forgiving of
differing stem diameters than top grafting. Theadisantage of side grafting is that it
IS more time-consuming to complete an individuafgand requires more materials
and labor intensive than splice grafting. Planesraady to graft approximately 17-21
days after sowing. Larger seedlings are generalbddor side grafting because it is
easier to make the necessary incisions on a latger. With a larger seedling, there
is also more surface area for the tissue from ¢jparste plants to connect.

In tomato, “cleft grafting” has high success (Od#9), but this method is
labor intensive. Prior to grafting, Oda (2007) mecoended that exposing the scion
and rootstock plants to sunlight and with holdingtev for 2 to 3 days prior to
grafting to avoid spindly growth which can decregsst success. During the grafting
process, environmental conditions that increasespriaation rate such as direct light
and wind should be avoided (Rivard and Louws 2008a 2007). Plants must be
handled quickly during the grafting procedure, sirgesiccation at the cut graft
surface could be fatal.

Many grafting automatic robots were developed detsif Japan and Korea in
the early 2000s. There are two types of robotdy fitomated and semi automated.
Semi automated machine was the first model thageaft both cucurbits and tomato.
This machine was widely marketed in Asia and Nétherica. This machine takes
650 - 900 grafts per hour at 95% or better suc@ssand needs 2-3 workers to assist
the machine. Fully automated machine was introducethpanese market in 2009.
This machine takes 800 grafts per hatil®5% or greater success rate and need one

worker to assist the operation.

2.4 Advantages of Tomato Grafting

Grafting is one of the techniques to solve someth& aforementioned
problems existed in tomato. Tomato growers adopgtedting as a way to manage
root diseases and increase fruit production. Al¢foin the beginning, tomato
grafting was adopted to limit the effects of Fusariwilt (Lee 1994); the reasons for
grafting have increased dramatically over the ye@ine use of grafted plants under
excessively high temperatures may offer an adventagr non-grafted plants in
terms of resistance against thermal shock. Moreauany researchers reported that
an interaction between rootstocks and scions esestdting in high vigor of the root

system and greater water and mineral uptake leadingcreased yield and fruit



enhancement (Leoni et al. 1990; Lee 1994; Oda 18@&%si 2002; loannou and
Hadjiparaskevas 2002; Marsic and Osvald 2004).

Grafting has been used widely in the productiontarhatoes, in order to
diminish damage by soil pathogens (Lee 1994) aratemecently, grafts have been
used to induce resistance against low (Venema.e&08I8) and high temperatures
(Rivero et al. 2003; Abdelmageed and Gruda 2009ginst iron chlorosis in
calcareous soils, to enhance nutrient uptake (Rod Romero 1999), to increase
synthesis of endogenous hormones (Proebsting £092) and to optimize water use
(Cohen et al. 2002). Grafting tomatoes can impnoraeluction, overall crop health
and vigor, reduce or eliminate the need for pedgiaise, lengthen harvest duration,

and significantly increase net income.

2.5 Control Management of Soilborne Disease

Grafting has become popular more recently in Mediteean tomato growing
regions, where it has been adopted as a major aoenpof an integrated program to
manage soilborne pathogens (Bletsos 2005; Besrir)208rafting has been an
important method in Asian tomato production to nggnaacterial wilt incidence in
solanaceous crops. Grafting vegetable crops havwen bgesed extensively in
greenhouse and tunnel productions as a way to awxreeliance on chemical
fumigants (Oda 1999).

The use of grafted tomato for commercial productiorAsia is important
because soil-borne disease pressure is high (RaaddLouws 2006). By grafting
tomatoes, New Zealand producers were able to rethecdevel of corky root rot,
caused byPyrenochaeta lycopersici. In Morocco, grafting is used commercially to
control root-knot nematodes and other soil-bornseases in over 2000 ha of
greenhouse tomato, melon, and watermelon (BersR)208rafting with resistant
rootstock has been successful against root-knotateztas eloidogyne incognita)

for cucumbers in Greece (Giannakou and Karpouz@3)20

2.6 Incompatibility

Grafting compatibility is the ability of two plant&cion and rootstock) to
grow successfully and reproduce as a single pléet they are joined. The normal
growth of a grafted plant may be interrupted at atgge of development due to
incompatibility between scion and rootstock. Giattompatibility could be directly



related to undergrowth or overgrowth of the scielative to the rootstock (Lee 1994).
Physiological incompatibility can result from aléae of recognition of the cells of
scion by the cells of rootstock, a failure of resg® between the cut surface of
rootstocks and the scion, or the effect of growthssances or toxins (Andrews and
Marquez 1993). The rootstock is the portion of gient that controls the uptake,
synthesis, and translocation of water and mindrata the soil and the scion must be
able to transport and use what the rootstock dslileee and Oda 2003). A low or
incorrect callus formation between the rootstocd acion could lead to defoliation,
reduction of scion growth and low survival of geaftplants (Oda et al. 2005; Johkan
et al. 2009). Thus, the vascular connection in rhetstock—scion interface may
determine water and nutrient translocation, affectther physiological traits.

The perfect combination of stock and scion resmlta successful plant that
can respond to both abiotic and biotic stress imiveen environment without
decreasing yield or fruit quality. Grafting vegdtabcions onto a rootstock of its own
species is common because intraspecific compayilslioften very high (Black et al.
2003; Rivard and Louws 2008). Intraspecific graftinas been shown to increase
resistance to various environmental pressures aadtood, drought, cold, heat and
pathogen stress, however in some cases the tratsfeterance is not strong enough,
or a certain desired environmental tolerance da¢syet exist within the rootstock
germplasm of that species (Venema et al. 2008).

2.7 Factors Influencing on Grafting Success

The success or failure of grafting depends on waritactors including
taxonomy, environment, availability of oxygen andter, physiological stage of
rootstock/scion, herbicide toxicity, the skill d¢fet grafter, mechanical damage of the
graft union, and graft incompatibility (Andrews amdarquez 1993). Many other
factors influence grafting success, including pgsifting environmental conditions,
plant vigor, carbohydrate content, and the propaichof vascular bundles (Bisognin
et al. 2005).

Proper acclimatization is critical for grafted pismo survive. Acclimatization
involves healing and hardening for field surviaé¢ and Oda 2003). Maintenance of
proper moisture content before and after graftimgeiitical for the production of
uniform grafted seedlings. Acclimatization may lobiaved simply by enclosing the

rootstock and scion in a black plastic bag (to dvweat build-up) until the union is



formed. Growers usually achieve acclimatizationusg of plastic film coverings.
Successful grafting requires high relative humidityd optimal temperatures during
the healing period to reduce transpiration of tkh@rs until rootstock and scion
vascular tissue are healed together and waterpwanis restored. The grafted plants
are placed on a healing chamber and the trayseatedswith a single layer of semi-
transparent high density polyethylene film (0.01 naom thinner) to reduce the
moisture loss and kept sealed for 5-7 days withddttional irrigation in commercial
nurseries. Partial shading may be needed duringldjgme to avoid excessive heat
build-up.

2.8 Contamination during Grafting

The grafting process also presents inherent rigaticularly in the
transmission of mechanically transmissible plarthpgens. The razor blade used to
cut the rootstock or scion was first contaminatgdriaking a single cut on tomato
plants infected with either Tomato spotted wiltug{TSVWV) or Tomato mosaic virus
(ToMV).

2.9 Historical and Current Status

Cucurbit and solanaceous crops have been graftedver a century to
increase disease resistance, tolerance to envirgah®&resses, and vigor. Eggplant
was first grafted commercially in the 1950s Solanum aethiopicum. Commercial
tomato grafting began in Japan in the 1960s. Them@n account of experimental
grafting of solanaceous vegetables onto solanace@egls in the southeast U.S.
Increasing numbers of growers in Japan and Korgarbt adopt vegetable grafting,
expanding the acreage of grafted eggplant, tonzatd,watermelon steadily through
the mid to late 1900s. By the 1980s, grafted plactsounted for 57% of the total
eggplant, tomato, and watermelon production aredaipan (Lee 1994). In Japan
during this time, over 90% of greenhouse-producggbkant and watermelon were
grafted, and 57% of the eggplant and 41% of theatorm open field production were
produced with grafted transplants (Lee 1994; Od#/ 20

Currently in Japan, 55% of the total eggplant poiidn, 40% of the total
tomato production, and 92% of the total watermebvaduction are with grafted
plants. In South Korea, 20% of the total eggplantipction, 25% of the total tomato
production and 95% of the total watermelon producis with grafted plants (Lee et
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al. 2010). Grafting is especially popular for tomatggplant, and cucurbit production
in Asia. In 1998, 540 million transplants were ¢gdfin Korea and 750 million in
Japan (Lee et al. 1998). Growers initially adopgeafting to manage high soilborne
disease pressure that resulted from continuougpergpn greenhouse production or
intensively managed agricultural land. In North Aioa, grafted tomatoes have been
used mainly in greenhouse production in Canadapen field production in Mexico,
and by some small-scale diversified vegetable grewethe U.S. using high tunnels.
Current issues in producer adoption increased lebstis are one of the major barriers
to producer adoption of grafted vegetable trangpléfubota et al. 2008; Rivard et al.
2010).

In the U.S., where abundant agricultural landvedldor more crop rotation
and labor costs are high, these issues are evategréiowever, as soil fumigants
become increasingly expensive and regulated, sttare grafting has grown, and
researchers are now striving to increase graftifigiency and decrease labor costs
(Rivard et al. 2010). Grafting requires increasadol and time investment at the
beginning of the growing season. Grafting robotsehbeen utilized in Asia and
Europe since the 1990s to automate the graftinggsand reduce labor costs. These
machines have not been widely adopted by growarshey are expensive and are
unable to discern differences in rootstock andrssiem diameter and graft cut angle
(Rivard and Louws 2006). Grafting robots can brdakwn and require repairs during
the crucial times when plants are at optimal stafpes grafting. Furthermore,
replacement parts and skilled mechanics capabléxiofy the robots are mainly
located in Europe and Asia, thus break downs camemt robots from grafting for
significant amount of time (Kubota et al. 2008).

A large plant propagation company that producest mbthe grafted tomato
transplants for the hothouse tomato industry int@resNorth America found that
skilled workers produced higher quality graftednpéathan grafting robots and were
capable of grafting approximately 300 tomato plgres persomer hour. Japan and
Canada have wage rates similar to the U.S., andiahgnafting can be cost effective
if the grafting process is divided among skilledrkers in an assembly line process.

Although the possibility and benefits of usingftgd plants were recognized
much earlier, large-scale commercial growing offtgch vegetables can be traced
from the late 1950s to the early 1960s in Japankamda. In solanaceous vegetables,

20~40% of tomatoes are grafting, 20~40% of eggplaahd 5~10% of capsicum
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peppers. Since grafting is mostly practiced in cbitsi and solanaceous vegetables,
the percentages of grafting in all vegetables wag about 5% in 2007. More than
700 million grafted seedlings were estimated t@toeluced in 2008 in Korea as well
as in Japan.

In Myanmar, the use of grafted plants in tomatodpaion is not very
common. Win (2003) has shown the graft successrméto plants by using different
eggplant cultivars. He used different types of éaigprootstocks (Khayan padae tha ,
Khayan gyut, Eggplant M Khayan kazawk) and it was resulted that all type
rootstocks of eggplant can be used in tomato g@aftdiowever, it is still necessary to
select the suitable rootstock for better plant ghowlevelopment and crop yield not

only in eggplant but also in other solanaceous<rop



CHAPTER IlI
MATERIALS AND METHODS

3.1 Experimental Site and Period

Three sets of experiments (two pot experiments @mal field experiment)
were conducted at the Department of Horticulturd Agricultural Biotechnology,
Yezin Agricultural University from 2015 to 2016. geriment | was carried out from
May to September 2015, experiment Il was carried foom October 2015 to
February 2016 and experiment Il was carried canfApril to August 2016.

3.2 Experimental Design
A Randomized Complete Block Design (RCBD) with faeplications was
applied. Three different types of local cultivaegggplant (Khayan pa dae tha -

c o¢

sq8:0e300), tomato (Kyaught Me Gaung Seigeqpa5deslé:36:) and hot pepper
(Yemethin Moe Htaung-qep5:00¢:8:e0008) were used as stock plants and

commercial tomato cultivar (Platinum 701) was uaedcion in all experiments. The
general characteristics of three rootstock typesewdescribed in Plate 1. The
treatments are as follows:
T1-Commercial tomato cultivar grafted onto local elggp cultivar
T,-Commercial tomato cultivar grafted onto local tameultivar
Ts-Commercial tomato cultivar grafted onto local pepper cultivar

T4-Non-grafted tomato (control, commercial tomataiear)

3.3 Seed Sowing and Grafting

Well decomposed cow dung manure, burned rice hodkgarden soil at the
ratio of 1:1:1 by volume were thoroughly mixed fthre soil medium. The soil
medium was filled into the seed tray and seedemfto, eggplant and pepper were
sown separately in the well prepared plastic seay Time of seed sowing for
rootstocks and scion were adjusted in order totlygetsame diameter of stock and
scion (Appendix 1)Hot pepper seeds were sown two weeks earlier ttreuseed of
tomato to ensure the same diameter with rootstouk stion. In the same way,
eggplant seeds were sown one week earlier thantdo@ppendix 1. Seeds were
watered daily until the time of grafting. One morattter sowing, the seedlings had

grown to an appropriate grafting size (1-1.5 mnthviz-3 true leaf stage.



Rootstocks (Local)

13

General Performance

Name - eggplant (Khayan pa dae-tha

<
96)6:063000)

Resistant against diseases and hardy to
environmental stress (flooding, heat or

salinity).

Name - tomato (Kyaught Me Gaung
Sein empadoeslc:36:)
Adaptable to local climatic conditions

and widely cultivated in Nay Pyi Taw

region.

Name - hot pepper (Yemethin Moe
Htaung- qeé:oaé:fé:coooé)

~ Tolerance to temperature, soilborne

disease, adaptable to most local

climatic conditions and widely

s Cultivated in Nay Pyi Taw region.

Plate 1. General characters of selected rootstocks
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Stage 1. Horizontal cut made in

) Stage 2. Longitudinal cut made on
both scion and rootstock

rootstock plant

ety -'7;::&' B
Stage 3. Trimming of leaves and making
wedge on scion plant

Stage 5. Hold the joint of stock and Stage 4. Wedge side of scion placed in
scion with rubber tube longitudinal cut of rootstock

Plate 2. Stages of cleft grafting method in tomatgrafting



Stage 3. Transplanting

Plate 3. Procedure of the experiment
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3.4 Procedure of the Grafting

Wedge and cleft grafting method was used in alkexpents because it is the
most commonly used method for solanaceous crops dbhd Oda 2003). Razor blade
and rubber tube were used to perform the grafting.

Stage 1: The rootstock was cut below the cotylagging razor blade.

Stage 2: The longitudinal cut was prepared abdutrh depth from the®lcut.

Stage 3: The scion was pruned to 1-2 leaves anlkbwer stem was prepared to get a
tapered wedge that should be the same with clefiopoof the rootstock.

Stage 4: The rubber tube was put to the stockgronti order to hold the scion tightly
and improve stability.

Stage 5: The scion was inserted into the cleftigorof the stock by holding with
rubber tube.

If one sided open rubber tube is used, the wedgea st inserted into the cleft
stock first and the graft union is held with onéesl open rubber tube after the
insertion. For all experiments, the type of rubhdre was the same with the one that
are normally used in bicycle (Plate 2).

Grafting was carried out in a shady place to avbh&l wilting of the grafted
plants. After grafting, as indicated by Marsic abdvald (2004 the grafted plants
were maintained under the chamber at 28—30°C witterthan 95% relative humidity
for three days to get better healing and enhareeuhvival rate. A healing chamber
was constructed with bamboo to form a dome in tmsery house. The first layer of
the whole dome was covered with clear plastic dwedsecond layer was with green
net (Plate 3). High relative humidity was maintairi®y spraying with water around
the plants three times dailyhen, the green net and plastic were gradually vexhd@
days after grafting in order to increase light &maer humidity.Grafted plants were

sprayed with water to improve the survival of pfant

3.5 Transplanting

Successful grafted plants were transplanted tplastic bags and they were
kept in the nurseryThe grafted tomato seedlings were nursing in tireery for one
week before transferring to the fielfihe seedlings were thoroughly watered before
transplanting to the field. The plants were traasf@d into plastic bags filled with the

mixture of compost, cow dung and burnt rice husthatratio of 1:1:1 by volume in



17

experiment | and Il. In experiment Ill, grafted pisa were transplanted to the well

prepared field directly.

3.6 Field Management Practices

Before sowing,Triple super phosphatend poultry manure were applied at a
rate of 100 kg hdand 20 t harespectively as basal application. Furadan was used
during land preparation to control insects in tlod. STomato plants were watered
daily until they had recovered (one week after gpdanting). After one week, the
plants were watered necessarily. Weeding was degelarly, 1 or 2 days before
every fertilizer application as side dressing.

As side dressing, the recommended rate of the amcgcompound fertilizer
was applied 5 times at 10- day interval after tpdansting. Foliar fertilizer (Comet
Plus) was applied weekly starting from floweringget to harvest at the rate of 500 g
ha.

Pests and diseases were controlled by the alteragiglication of
recommended chemicals. Each plant was supportdd heinboo stick to keep the

tomato vine upright. Main tomato stem was loosig to the stick with the string.

3.7 Data Collection
The following growth parameters were recorded fifiora randomly selected
plants from each plot at three days interval d@fmsplanting.
1. Graft success rate (%)
Plant height (cm)
Stem diameter (cm)
Number of leaves
Leaf emergence rate

Number of days to®iflowering and

N o gk~ wbd

Fruit setting percent
At the time of harvest, final plant height (cm)nmoer of branches per plant,
number of truss per plant, number of flowers pessr number of fruits per plasnd
number of days to harvest, single fruit weight {g)it diameter (cm), fruit weight per
plant (g), total yield (t Hd) and brix value (%) were collected.
Graft success rate (%) was recorded three daysgaététing. It was calculated

by the following formula.
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Number of success plants

Graft success rate = x100
total plants

Field survival rate (%) was evaluated on seven ddigs transplanting. It was

calculated by the following formula.

Number of survival plants

Field survival rate = x10
total plants

Plant height (cm) was recorded in centimeter by sueag the height of
sample plants from the ground level to the mairxape

Number of leaves per plant was counted on the numbexpanded leaves
from the main stem.

Stem diameter (cm) was measured the diameter opldre just above the
graft union by vernier caliper.

Leaf emergence rate was noted by measuring theggstiheaf (<2cm).It was

calculated by the following formula (Erickson andckklini 1957).

LogLn — Log R
Pl=n+
LogLn—LogLn+1
Pl = Plastochron index
n = The serial number counting from the badethat leaf longer than

reference leaf

Ln = Leaf length that is greater than the referdaaé(R)

R = Length of the reference leaf (e.g. 10 mm)

Ln + 1 = The length of the leaf that is youngemtheaf (Ln)

Number of branches per plant was noted on the nuwibgrimary branches
arising from the main stem. It was counted at tlagunity stage.

Chlorophyll content was measured by SPAD meter. BIRAD-502 Plus
determined the chlorophyll concentration by measuthe leaf absorbance in red and
near-infrared regions.

Photosynthesis efficiency was measured using FllRea FP 100 meter.
Selected fully developed youngest leaves from #rapde plants were dark-adapted
for 30 min before starting the measurements usedf Clips provided by the

manufacturer.
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Days to f' flower initiation was recorded by counting the rhen of days
from the date of transplanting to first flowering.

Number of flowers per inflorescence was countedntlmaber of flowers from
each truss of lower, middle and upper cluster.

Number of flowers per plant was recorded as the taimber of open flowers
per plant.

Total number of fruits per plant was collected thuenber of fruits from each
plant.

Fruit set (%) was calculated by the following fodau

_ Number of fruits per plant
Fruit set % = x 100
Number of flowers per plant

Fruit diameter was measured the widest portiomeftuit by vernier caliper.
Brix value was recorded by reading with the refvagtter. Tomato fruits were
picked when the mature fruit begins to show reaicol

3.8 Statistical Analysis

Analysis of variance was calculated by using SAS Mean comparison was

performed with the least significant difference St 5 % level.



CHAPTER IV
RESULTS

4.1 Evaluation on Graft Success Rate and Field Sumal Rate

The graft success rate and field survival rate raftgd tomato on different
rootstocks are presented in Table (4.1). The satvigtes of grafted tomato were
evaluated on seven days after grafting (DAG). Témults showed that the success
rate of grafted tomato on all rootstocks rangeanfré0 to 90%. In all experiments
(Expt.l, Expt.ll and Expt. 1), grafted plant oggplant rootstock showed the highest
graft success percent (81.7 %, 89.0 % and 87.3 g¥afted tomato on tomato
rootstock was the second (80.4 %, 79.0 % and 80a3%b)hot pepper rootstock was
the third (72.2 %, 72.5 % and 70.7 %) in all expenmts.

The percentages of surviving plants among the mreats were determined
from seven days after transplanting up to theHastest. The results showed that the
maximum field survival rate was obtained from gedftomato on eggplant rootstock
in all experiments (91.6 %, 95.8 % and 92.7%). fiti@imum field survival rate was
obtained from non-grafted tomato in all experimdits4%, 75.6 % and 74.5 %).

4.2 Effects of Different Rootstocks on Plant Growtland Reproductive
Parameters of Grafted Tomato (Expt. I, Pot Experimat)

4.2.1 Plant height

The plant height of grafted and non-grafted plasitshown in Figure 4.1. No
significant difference was observed at an earlymginostage. Starting from 30 days
after grafting (DAG), significant difference was saloved. Starting from 30 DAG,
grafted tomato on eggplant rootstock was the tadled it was significantly taller than
the others.

4.2.2 Number of leaves
Effect of different rootstocks on the number ofviesis shown in Figure 4.2.

Significant difference was observed between thétegtaand non-grafted tomato at the
later plant growth stage. At 50 DAG, the numberledves of grafted tomato on
eggplant rootstock (14) was significantly highearththat of the hot pepper (11.8),

tomato rootstock (11.1) and non-grafted tomato.(11)
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Table 4.1 Comparison of graft success rate and faklsurvival rate among the

rootstocks in all experiments

Rootstock Graft success rate (%) Field survival rate (%)
type Expt. | Expt. Il Expt. lll Expt. | Expt. I Expt.ll
Eggplant 81.7 89.0 87.3 91.6 95.8 92.7
Tomato 80.4 79.0 80.3 89.5 92.6 89.5
Hot pepper 72.2 72.5 70.7 78.6 81.9 79.8
Non-grafted - - - 71.4 75.6 74.5

Table 4.2 Comparison of growth parameters of the gifted and non-grafted

plants as affected by different rootstocks (Expt.)l

Rootstock type No. of Days to ¥ Days to ¥
branches flowering harvesting
Eggplant 3.3a 52.0b 86.0c
Tomato 3.1a 50.6Db 869D
Hot pepper 24Db 51.0b 91.3a
Non-grafted 2.4Db 55.0 a 93.0a
Pr>f - o o
LSD(0.05) 0.5 1.7 4.1
CV (%) 10.8 2.1 3.1
Contrast analysis of grafted vs. non-grafted

Grafted 3.1 51.2 88.1
Non-grafted 2.4 55.0 93.0
Pr>E o ** o

Means in the same column followed by the samerlette not significantly different at
P<0.05. * = Significant at P (0.05) ** = Highbignificant at P (0.01) ns = Not significant
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Figure 4.1 Comparison of plant height among the tratments (Expt. I)
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Figure 4.2 Comparison of the number of leaves amortge treatments (Expt. 1)



Table 4.3 Comparison of yield and yield componentsarameters of grafted and non-grafted plants as aficted by different

rootstocks (Expt. 1)

Rootstock  No. of truss No. of flowers No. of fruits  Fruits set No. of fruits  Single fruit  Fruit yield Total yield
type plant* truss' truss' (%) plant? weight (g)  plant* (g) (t ha')

Eggplant 9.3 9.6b 4.8 a 458 a 23.6 a 34.1a 5805 19a
Tomato 9.3 11.6 ab 4.1 ab 44.7 a 216b 31.2b .8673 16b
Hot pepper 8.4 134 a 3.3bc 455 a 21.2 bc 31.5b 666.2b 16Db
Non-grafted 8.4 13.7 a 3.0c 439 a 20.3c 26.2c 530.1c 13c
Pr>f ns * o ns o o o o
LSD(0.0s) 2.6 2.8 1.0 3.6 1.1 2.4 70.1 0.2
CV (%) 18.8 15.1 17.5 5.2 3.1 5.1 6.8 6.8

Contrast analysis of grafted vs. non-grafted
Grafted 9.0 11.5 4.1 45.3 22.1 32.3 715.5 1.7
Non-grafted 8.4 13.7 3.0 43.9 20.3 26.2 530.1 1.3
Pr>E ns ns * ns o o o o

Means in the same column followed by the samerlatenot significantly different at®.05

* = Significant at P (0.05) ** = Highlsignificant at P (0.01

ns = Not sfgraint

€¢
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4.2.3 Number of branches

Table 4.2 describes the effects of different rauiss on branch number of
grafted and non-grafted tomato. The number of Wrascof grafted tomato using
eggplant rootstock and tomato rootstock were sigamtly higher than that of the hot
pepper rootstock and non-grafted tomato. Maximumler of branch was observed
in grafted tomato using eggplant rootstock (3.3lpfeed by tomato rootstock (3.1),
hot pepper rootstock (2.4) and non-grafted tom2i) (

4.2.4 Days to 1 flowering

The days taken to*1flowering was significantly affected by the use of
different rootstock (Table 4.2). Grafted plantsduced flowers earlier than that of
non-grafted plants however; there was no significififierence among the rootstocks.
The earliest flowering was observed in grafted tlmnuan tomato rootstock (50 days)
followed by hot pepper rootstock (51 days) and é&ggprootstock (52 days).The
latest flowering was found in non-grafted tomatb ¢f&ays).

4.2.5 Number of truss per plant

Effect of different rootstocks on the number ofsguwer plant is shown in
Table 4.3. Rootstock type had no significant impactthe number of truss per plant
of grafted and non-grafted tomato. However, the Imemof truss per plant of grafted
tomato on eggplant rootstock was numerically grethten that of non-grafted tomato.
The highest numbers of truss per plant were obdarvgrafted plant on eggplant and
tomato rootstock (9.3, 9.3). The lowest numbersrags per plant were observed in

hot pepper rootstock (8.4) and non-grafted tom@id) (

4.2.6 Number of flowers per truss
Effect of different rootstocks on the number ofwkrs per trusgs shown in

Table 4.3 Number of flowers per truss grafted tomato varied significantly
depending on the use of rootstock type. Non-graftedato produced the highest
number of flowers per trusand it was significantly higher than that of eggpla
rootstock. Among the rootstocks, number of flowges trusof grafted tomato on hot
pepper rootstock (13.4) was the highest, followgdtdmato rootstock (11.3) and
eggplant rootstock (9.6).
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4.2.7 Fruit setting percentage

Effect of different rootstocks on fruit setting pent of grafted tomato is
described in Table 4.3. There was no significaffedince in fruit setting (%) among
the treatments. Fruit setting percent of grafteahid (45.3%) was relatively greater
than that of non-grafted plants (43.9%) though they not significantly different.
Among the rootstocks, the highest fruit setting weasulted in grafted tomato on
eggplant rootstock (45.8%) followed by hot peppeotstock (45.5%) tomato
rootstock (44.7%), and non-grafted tomato (43.9%).

4.2.8 Number of days to T harvesting
High significant difference of the number of days T'harvesting was

observed in different rootstocks as shown in Tabl2. Number of days to®1

harvesting was significantly affected by the typ#srootstocks. Grafted tomato
showed earlier harvesting than that of non- grat@wato. Earliest harvest was
occurred in grafted tomato on eggplant rootstodk d8ys) and followed by tomato
(87 days) and hot pepper (91 days). The latestesanwas found in non- grafted
tomato (93 days). These results indicated thatfthies from grafted tomato on

eggplant rootstock can be harvested seven daysraadn non-grafted tomato.

4.2.9 Number of fruits per plant

Number of fruits as affected by different rootstedk shown in Table 4.3.
There was a significant effect of the rootstocketym the number of fruits per plant.
More number of fruits was noticed in grafted plaf@®.1) than that of the non-grafted
plants (20.3). Grafted tomato on eggplant rootstesbkwed significantly higher
number of fruits (23.6) than the other treatments.

4.2.10 Single fruit weight

Significant difference of single fruit weight wadserved (Table 4.3). The
fruits from grafted plants were bigger than thatnoh-grafted plants. Among the
grafted plants, the maximum fruit weight was obednmn the grafted tomato on
eggplant rootstock (34.1 g) followed by hot peppmutstock (31.5 g) and tomato
rootstock (31.2 g) and the non-grafted tomato sldowe minimum single fruit
weight (26.2 g).
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4.2.11 Fruit yield

Fruit yield per planand total fruit yield were significantly differeamong the
treatments shown in Table 4.3. Yield per plamd total fruit yield of grafted tomato
increased significantly in comparison with thattieé non-grafted plants. Among the
rootstocks, grafted tomato on eggplant rootstosledhe highest fruit yield (805.5 g)
followed by tomato rootstock (673.8 g) and hot ppotstock (666.2 g) while non-
grafted tomato was the minimum fruit yield (530)1 g

4.3 Effects of Different Rootstocks on Plant Growttand Reproductive

Parameters of Grafted Tomato (Expt. Il, Pot Experinent)

4.3.1 Plant height

Figure 4.3 shows the comparison of plant heightragrtbe treatments. It was
observed that plant height was significantly déf@r among the treatments in most
evaluation periods. At 20 and 30 DAG, all graffgddnts were significantly shorter
than non- grafted plant. No significant result veserved until 40 DAG. Significant
difference was observed starting from 50 DAG. AtBAG, the height of grafted
tomato on eggplant rootstock was significantly leigthan the other treatments. The
highest plant height occurred in the plant grafoedeggplant rootstock (47.3 cm)
followed by tomato rootstock (44.7 cm) and hot pEpmotstock (40.1 cm). Non-
grafted tomato showed the shortest plant heigh8(88).

4.3.2 Shoot growth and leaf emergence rate

Figure 4.4 describes the effect of different ramtks on shoot growth of
grafted and non-grafted tomato. The Plastochronexndshoot growth) was
significantly different among the treatments in mo$ evaluation periods. At 20
DAG, the shoot growth was not significantly diffateamong the treatments.
However, at 50 DAG, the shoot growth of grafted &awonon eggplant rootstock (47.3)
was significantly higher than the other treatmehtsaf emergence rate was showed
by Plastochron per daffable 4.4). There was a significantly difference |leaf
emergence rate among the treatments. Maximum teafgence rate was observed in

the tomato plant grafted on eggplant rootstockp.2
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Table.4.4 Effect of different rootstocks on leaf eergence rate (Plastochron day)

(Expt. 1)

Rootstock type Plastochron day
Eggplant 0.25a
Tomato 0.24 a
Hot pepper 0.18b
Non-grafted 0.20 ab
Pr>F *x
LSD.05) 0.03

Contrast analysis of grafted vs. non-grafted
Grafted 0.23
Non-grafted 0.2
Pr>F *

Means in the same column followed by the samerlette not significantly different at
P<0.05. * = Significant at P (0.05) ** = Highbignificant at P (0.01) ns = Not significant

Table 4.5 Effects of different rootstocks on growttparameters of grafted tomato

(Expt. 1)
Rootstock No. of Days to £ Days to f'
type branches flowering harvesting

Eggplant 4.2 a 412 c 93.6Db
Tomato 3.9ab 42.2b 93.3b
Hot pepper 39Db 44.2 a 95.3a
Non-grafted 35¢cC 449 a 95.6 a
Pr>E o * o
LSD(0.05) 0.3 0.9 1.3
CV (%) 4.2 1.4 4.2
Contrast analysis of grafted vs. non-grafted
Grafted 4.0 42.5 94.0
Non-grafted 3.5 44.9 95.6
Pr>E * * o

Means in the same column followed by the samerlette not significantly different at
P<0.05. * = Significant at P (0.05) ** = Highlygnificant at P (0.01) ns = Not significant



Table 4.6 Comparison of yield and yield componentparameters of grafted and non-grafted plants as aficted by different

rootstocks (Expt. 11)

Rootstock No. of truss No. of flowers No. of fruits  Fruits set  No. of fruits  Single fruit  Fruit yield Total yield
type plant truss® truss® (%) plant* weight(g)  plant* (g) (t ha')
Eggplant 104 13.1a 6.6 a 56.5a 43.2 a 47.2a 36.2&x 49 a
Tomato 9.9 113D 5.8 ab 44.3 b 409 b 458 b 7418b 45b
Hot pepper 9.6 94c 50b 42.0b 400 b 45.7b 1827.8b 44b
Non-grafted 8.9 9.0c 440 43.8 b 39.5¢ 41.7c 1645.2c 39c
Pr>E ns * * o o o o o
LSD(0.05 1.8 1.3 1.2 6.8 1.0 1.2 62.8 0.2
CV (%) 11.8 7.6 13.0 9.0 1.6 1.7 2.2 2.2
Contrast analysis of grafted vs. non-grafted
Grafted 10.1 12.7 5.8 47.6 41.4 46.9 1913.1 4.6
Non-grafted 8.9 9.0 4.4 43.8 39.5 41.7 1645.2 3.9
Pr>E ns * ns o o * o o

Means in the same column followed by the samerlatenot significantly different at®.05

*= Significant at P (0.05)

*= Highly significant at P (0.01)

ns= Not significant

6¢
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4.3.3 Number of branches

Effects of rootstocks on the number of branches si@wvn in Table 4.5.
Significant difference of the number of branches whaserved between the grafted
and the non- grafted tomato. The maximum numbebrahch was observed in
grafted tomato on eggplant rootstock (4.2) follovisydomato rootstock (3.9) and hot
pepper rootstock (3.9) while the minimum branch bamwas observed in non-

grafted tomato (3.5).

4.3.4 Days to 1 flowering

Effect of different rootstocks on days t8 flowering is described in Table 4.5.
Days to f' flowering were significantly different among theatments. Grafted plants
with eggplant rootstock and tomato rootstock predudlowers earlier than hot
pepper rootstock and non-grafted plants. Graftadato on eggplant rootstock
showed the earliest flowering date (41 days) whatest flowering occurs in non-
grafted tomato (45 days). Comparing grafted andgrafted tomato, grafted tomato

produced flowers earlier than that of non-graftad.o

4.3.5 Number of truss per plant

Effect of different rootstocks on the number ofsguwer plant is shown in
Table 4.6. Rootstock type had no significant impactthe number of truss per plant
of grafted and non-grafted tomato though the nundfeiruss per plant of grafted
tomato on eggplant rootstock was numerically grethten that of non-grafted tomato.
The highest numbers of truss per plant were obdeivagrafted plant on eggplant
rootstock (10.4) followed by tomato rootstock (9a8)d hot pepper rootstock (9.6).

The lowest number of truss per plant was obsemewn-grafted tomato (8.9).

4.3.6 Number of flowers per truss

Effect of different rootstocks on number of flowgysr truss is described in
Table 4.6. Rootstock influences the number of fleanger truss significantly. Number
of flowers per truss of grafted plants was sigaifitty higher than that of non-grafted
ones. Among the treatments, tomato grafted on aggprootstock showed
significantly higher number of flowers per truss3.ll) than that of the other

treatments.
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4.3.7 Number of fruits per truss

Table 4.6 describes the number of fruits per toisgrafted tomato as affected
by different rootstocks. There was no significaiffiedence in the number of fruits per
truss between the grafted and non-grafted plantsveder, the number of fruits per
truss of grafted tomato on eggplant rootstock (@83 significantly greater than that

of hot pepper rootstock (5.0) and non-grafted [sléAi4).

4.3.8 Fruit setting percentage

Fruit setting (%) was strongly related with numioérflowers per truss and
number of fruits per truss. Fruit setting (%) wagngicantly different among the
treatments (Table 4.6). The fruit setting (%) cdftgd tomato on eggplant rootstock
(56.5%) was significantly higher than the otheatneents.

4.3.9 Number of days to ¥ harvesting

The number of days taken té' harvesting was significantly affected by the
use of rootstocks (Table 4.5). This was also dyeatlated with the days to*1
flowering. Grafted tomato with eggplant rootstockdatomato rootstock were
harvested earlier than other treatments. Earliesvdst was occurred in grafted
tomato on eggplant rootstock (93 days). Among tlilerdnt rootstocks, eggplant
rootstock was three days earlier harvesting thamtmn-grafted one.

4.3.10 Number of fruits per plant

The number of fruits as affected by different romt&s is shown in Table 4.6.
The number of fruits of grafted plants (41.4) wamsicantly higher than that of non-
grafted plants (39.5). Highest number of fruits.®33vas noticed in grafted tomato on
eggplant rootstocks and it was significantly higtien tomato (40.9) and hot pepper
rootstock (40.0).

4.3.11 Single fruit weight
The single fruit weight of grafted tomato was imihced by the use of
rootstock as shown in Table 4.6. The single frugighit of all grafted plants was

significantly higher than the non-grafted ones. Theximum fruit weight was
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observed in the grafted tomato on eggplant roots{d@.2 g) followed by tomato
rootstock (45.8 g), hot pepper rootstock (45.7rg) he non-grafted tomato (41.7 g).

4.3.12 Fruit yield

Table 4.6 describes effects of different rootstoskstomato fruit yield. The
total fruit yield per planof grafted tomato increased significantly in conigam with
that of the non-grafted plants. Total yield of ¢edf tomato (1913.1 g) was
significantly higher than the non-grafted ones @84g). The fruit yield per plant of
grafted tomato with eggplant rootstock was the égt§2036.7 g) followed by tomato
rootstock (1874.8 g) and hot pepper rootstock (182jJ while non-grafted tomato
showed the lowest fruit yield (1645.2 g).

4.3.13 Brix value
Figure 4.5 shows the brix value of tomato as affédby different rootstocks.

Grafted plants produced fruits with significantliglher brix value than that of non-
grafted tomato. The brix value of hot pepper ramistwas significantly higher than
that of non-grafted tomato. There was no signifiadifference in brix value among
the rootstocks. The highest brix value (5.6 %) vessilted from grafted tomato on hot
pepper rootstock and the lowest brix value was mesefrom non-grafted tomato
(4.8 %).



33

Brix value (%)

Eggplant Tomato Hot pepper  Non-grafted

Rootstocks

Figure 4.5 Brix value of tomato fruits as affectedy different rootstocks
(Expt. 1)
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4.4 Effects of Different Rootstocks on Plant Growttand Reproductive

Parameters of Grafted Tomato (Expt. I, Field Expeiment)

4.4.1 Plant height

Plant height was significantly different among theatments (Figure 4.6). Type of
stock plant has a strong influence on plant heiglgrafted tomato. At 20 DAG, the
plant height of non-grafted tomato was significantligher than grafted tomato.
Starting from 40 DAG, the height of grafted on elggp rootstock was significantly
higher than the other treatments and it becamditjieest one at harvest (78.8 cm).
Tomato rootstock showed the second highest (73)3acm followed by hot pepper
rootstock (70.5 cm). The shortest plant height elaserved in the non-grafted tomato
(66.5 cm).

4.4.2 Shoot growth and leaf emergence rate

Figure 4.7 describes the effect of different ramtks on shoot growth of
grafted and non-grafted tomato. Shoot growth waasmed by Plastochron index
(P1). In all treatments, shoot growth showed adteéacrease throughout the growth
period. At 20 DAG, shoot growth of non-grafted tamwas significantly higher than
that of grafted tomato. At 50 DAG and 60 DAG, shgaiwth of grafted tomato was
significantly higher than that of non-grafted tomaHowever, shoot growth of
grafted tomato on eggplant rootstock was signitigarhigher than the other
treatments starting from 32 DAG. The highest shgratwth was observed in the
eggplant rootstock (17.2) followed by tomato roomtkt (16.4) and hot pepper
rootstock (15.9). The minimum shoot growth was ol in the non-grafted tomato
(13.6). Effect of different rootstocks on leaf egence rate of grafted and non-grafted
tomato is described in Table 4.7. Leaf emergentewas measured by Plastochron
per day. Leaf emergence rate of grafted tomato7jOaas significantly higher than
that of non-grafted tomato (0.19). Among the ramtkf grafted tomato on eggplant
rootstock showed the maximum leaf emergence rad8)@llowed by tomato (0.29)
and hot pepper rootstock (0.28).
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Table 4.7 Effect of different rootstocks on leaf eergence rate of grafted and

non-grafted tomato (Expt. IIl)

Rootstock type Plastochron day
Eggplant 0.33 a
Tomato 0.29b
Hot pepper 0.28 b
Non-grafted 0.19c
Pr>F o
LSD(0.05) 0.02
Contrast analysis of grafted vs. non-grafted
Grafted 0.27
Non-grafted 0.19
Pr>F **

Means in the same column followed by the samerlette not significantly different at
P<0.05. *= Significant at P (0.05) **= Highlygificant at P (0.01) ns = Not significant

Table 4.8 Evaluation on chlorophyll content and phtosynthesis efficiency of
grafted and non-grafted tomato (Expt. 111)

Rootstock type Photosynthesis efficiency Chloropbghtent
Eggplant 0.83 a 59.4 a
Tomato 0.79b 58.5a
Hot pepper 0.81 ab 58.3a
Non-grafted 0.76 c 52.3Db
Pr>E o o
LSD.05) 0.02 2.81
Contrast analysis of grafted vs. non-grafted
Grafted 0.81 58.72
Non-grafted 0.75 52.34
Pr>E o o

Means in the same column followed by the samerlati not significantly different at
P<0.05. *= Significant at P (0.05) **= Highlygmificant at P (0.01) ns = Not significant
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4.4.3 Chlorophyll content and photosynthesis effiency

Table 4.8 describes chlorophyll content and photthssis efficiency of
grafted and non-grafted tomato as affected by tocks Chlorophyll content of
grafted plants was significantly higher than thahon-grafted ones. However, there
was no significant difference among the rootstodkisotosynthesis efficiency was
significantly different between the grafted and +sgrafted tomato. Among the
treatments, the highest photosynthesis efficienay sbserved in grafted tomato from
eggplant rootstock (0.83) followed by hot peppeptstock (0.81) and tomato
rootstock (0.79) while non-grafted tomato showesl lbwest value (0.76). It can be

said that the photosynthesis efficiency varies ddpeg on type of rootstocks.

4.4.4 Number of branches per plant

Number of branches of grafted tomato plants waaifsigntly higher than
non- grafted tomato (Table 4.9). Among the graffdants, the grafted plant on
eggplant rootstock produced the highest numberrandh (5.0) while non-grafted
tomato recorded the number of branch (4.1).

4.4.5 Days to T flowering

Types of rootstock affected on the date of flowernfation (Table 4.9).
Grafted plants flowered significantly earlier thaon-grafted plants. Days to™1
flowering was significantly affected by the typesrootstocks. The *iflowering date
of grafted tomato on eggplant rootstock was sigaiftly earlier than the other
rootstocks. Grafted tomato on eggplant rootstockvéred the earliest (44 days)

followed by hot pepper rootstock (45 days) and tmmmaotstock (47 days).
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Table 4.9 Comparison of the number of branches, dayto first flowering and

days to ' harvesting among the treatments (Expt. I1)

Rootstock type  No. of branches Daysio 1  Days to ¥ harvesting
flowering
Eggplant 5.0a 43.7d 85.3d
Tomato 46 b 46.6 c 90.1b
Hot pepper 4.7 ab 44.8 b 87.9c
Non-grafted 41c 47.7 a 95.9a
Pr>f o ok -
LSD0.05) 0.4 0.7 1.7
CV (%) 6.2 1.1 1.2
Contrast analysis of grafted vs. non-grafted
Grafted 4.7 45.1 87.8
Non-grafted 4.1 a47.7 95.9
Pr>F * ** *k

Means in the same column followed by the samerlette not significantly different at
P<0.05. *= Significant at P (0.05) **= Highbignificant at P (0.01) ns = Not significant

Brix value (%)

Eggplant Tomato Hot pepper Non-grafted

Rootstocks

Figure 4.8 Comparison of Brix value of tomato fruis as affected by different
rootstocks(Expt. III)



Table 4.10 Comparison of yield and yield componentsf grafted and non-grafted plants as affected byitferent rootstocks

(Expt. 1)
Rootstock No of truss  No. of No. of Fruit No. of Single Fruit Fruit yield Total yield
type plant* flowers fruits setting  fruits plant  fruit diameter plant™ (t ha®)
truss' truss' (%) ! weight(g) (cm) (9)
Eggplant 16.6 a 8.9 55a 61.2 a 91.3a 624 a ad.b 5071.4 a 12.3 a
Tomato 16.2 ab 8.6 47b 55.9b 75.3b 59.6 ab 4.4 ab 3894.3 b 9.4b
Hot pepper 153 b 8.4 4.7b 55.3b 72.8 bc 55.3b .4 a# 34726 b 8.4b
Non-grafted 139c 8.0 44Db 51.8c 61.5c 484c 34 2491.7 c 6.0c
Pr>E - ns o - o - ns - -
LSD(0.05) 1.0 1.1 0.6 2.6 11.5 4.8 0.2 0.7 1.8
CV (%) 4.1 2.2 7.7 3.1 9.9 5.5 3.2 12.6 12.6
Contrast analysis of grafted vs. non-grafted
Grafted 16.1 8.6 4.9 57.5 79.8 59.1 4.4 4146 10.0
Non-grafted 13.9 8.0 4.4 51.8 61.5 48.4 4.3 24917 6.0
Pr>E - ns ns * - o ns - o

Means in the same column followed by the samerlatenot significantly different at®.05

*= Significant at P (0.05)  **= Highly significant at P (0.01) ns= Not significant

6€
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4.4.6 Number of truss per plant

Significant difference in number of truss per plavds noted between the
grafted and non-grafted plants (Table 4.10). Tighést number of truss per plant was
observed in the grafted tomato on eggplant roots{d6.6) followed by tomato
rootstock (16.2), hot pepper rootstock (15.3 g) gnednon-grafted tomato (13.9). The

number of truss per plant was significantly diffégrbetween the treatments.

4.4.7 Number of flowers per truss

Effect of different rootstocks on the number ofwkrs per truss is shown in
Table 4.10. Rootstock type had no significant inbgat the number of flowers per
truss of grafted and non-grafted tomato. The numideflowers per truss was
maximum in grafted tomato on eggplant rootstocR)(&llowed by tomato rootstock

(8.6) and hot pepper rootstock (8.4) and minimuroantrol (8.0).

4.4.8 Number of fruits per truss

The number of fruits per truss was not significamtifferent between grafted
plants and non-grafted plants (Table 4.10). Howether number of fruits per truss of
grafted plant on eggplant rootstock was signifigahigher than the other treatments.
The maximum number of fruit per trusas recorded from grafted tomato on eggplant
rootstock (5.5) followed by tomato (4.7) and hopper rootstock (4.7) while the

minimum number of fruit was observed in non-graiftahts (4.4).

4.4.9 Fruit setting percentage

Fruit setting (%) was significantly different amotige treatments as stated in
Table 4.10. The fruit setting (%) of grafted plamtas significantly higher than the
non-grafted ones. Grafted plant on eggplant rocksteas significantly higher than
the other rootstocks. The maximum fruit setting (#&s observed in grafted tomato
on eggplant rootstock (61.2) followed by tomato tstack (55.9) and hot pepper

rootstock (55.3) while the minimum value was obedrin control (51.8).

4.4.10 Number of days to 3 harvesting
The number of days taken t& harvesting was significantly affected by the use

of rootstocks. As shown in Table 4.9 the earliest/bsting was observed in grafted
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tomato on eggplant rootstock (86 days) and followegdhot pepper rootstock (88
days) and tomato rootstock (90 days). The latestelsa was found in non- grafted
tomato (96 days).

4.4.11 Number of fruits per plant

Significant difference in number of fruits per planas noted between the
grafted and non-grafted plants (Table 4.10). Amthagtreatments, grafted tomato on
eggplant rootstock resulted significantly highastnumber of fruit (91.3). Tomato
rootstock, hot pepper rootstock and non- graftedato resulted 75.3, 72.7 and 61.5,

respectively.

4.4.12 Single fruit weight and fruit diameter

Single fruit weight was significantly affected byotstocks (Table 4.10). The
highest single fruit weight was observed in theftgchtomato on eggplant rootstock
(62.4 g) followed by tomato rootstock (59.6 g), pepper rootstock (55.3 g) and the
non-grafted tomato (48.4 g). The diameter of fwais significantly different between
the treatments. Fruit diameter from non graftedatmplant was smaller than that of
grafted tomato. Fruits from grafted tomato usinggnt rootstock had maximum

fruit diameter (4.5 cm) and non-grafted tomato hadimum fruit diameter (4.3 cm).

4.4.13 Fruit yield

Total fruit yield of grafted tomato as affected dijferent rootstocks is shown
in Table 4.10. The fruit yield of grafted plant wsignificantly higher than the non-
grafted ones. The greatest total fruit yield wakieaed from grafted tomato on
eggplant rootstock (12.3 t fpfollowed by tomato rootstock (9.4 t Ha hot pepper
rootstock (8.4 t hd), and non- grafted tomato (6.0 tHha

4.4.14 Brix value

Figure 4.8 indicates the brix value of tomato. Bvedue is one of the most
important characteristics for good quality tomatbe brix value of grafted tomato
(5.3 %) was significantly higher than that of namafted ones (4.8 %). Among the
rootstocks, grafted tomato onto hot pepper rookstiave the highest brix value fruits
(5.7 %).



CHAPTER V
DISCUSSION

Three experiments were carried out to determine dffiects of different
rootstocks on photosynthesis efficiency, plant dghowdevelopment and yield of
grafted tomato. Three experiments were conductedifédrent growing seasons
(May-September, October- February, April - Augustiietermine the performance of
plant growth and yield of grafted tomato. Thredetént types of local cultivars (local
eggplant, local tomato and local hot pepper) weseduas rootstocks and only one

commercial tomato cultivar (Platinum 701) was uasdcion in all experiments.

Graft success rate and field survival rate:Grafted plant on eggplant rootstock
showed maximum value in both graft success andl felrvival rate in all
experiments (Table 4.1). These results indicated the type of rootstock has an
impact on the graft success percent. The highedt gercent by eggplant rootstock
among the other rootstocks indicated that eggptatitose with good compatibility
during healing period. Another reason could be wuéhe nature of stock plants in
which eggplants are very hardy during the healiegga and they withstand well
after grafting. Bisognin et al. (2005) also desedlthat many other factors influence
grafting success including post-grafting environtaénconditions, plant vigor,
carbohydrate content, and the proper match of Vasbundles. Highest field survival
percent in eggplant rootstock from all experimemhépicted that eggplant rootstock
was more tolerant to environmental stress thanother rootstocks. However, all
grafted plants showed over 70 % of graft successfi@td survival rate. This data

suggested that all types of rootstocks are feafiplemato grafting.

Plant height: Effects of different rootstocks on plant heightgrafted tomato was
described in Figure 4.1, Figure 4.3 and Figure Flse results indicated that plant
height performance of the grafted tomato varieseddmg on the use of rootstock
types. Shorter plant height of grafted plants atarly growth stage is due to the
grafting stress. However, plant height was sigaiiity different among them.
Eggplant rootstock showed the tallest plant hesgatting from 40 days after grafting
to final harvest. This could be due to vigorousnplgrowth of local eggplant
rootstock. Bletios (2005) also highlighted that dbeggplant type § torvum)
rootstock was very vigorous as measured by plaighhestem diameter and root
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biomass and thus its vigorous root system are afégrable of absorbing water and
plant nutrients more efficiently than self-rootedos plants. This result also agrees
with the result of Lee (1994) and loannou and Hedpaskevas (2002) who found the
grafted plants was taller and more vigorous thdfirgeted ones and had a larger
central stem diameter. The other explanation dértgirafted plants than that of non-
grafted plants may be due to the effect of vigorguswth of rootstock that was

resistant to biotic and abiotic stress.

Number of leaves, leaf emergence rate and shoot gvth: Significant difference of
the number of leaves between the grafted and naftedr plants indicated that the
number of leaves vary with the use of rootstocletyigigure 4.2). This could be due
to the variation of rootstock vigour, root systenddheir uptake ability of water and
nutrients. Pulgar et al. (2000) also observed ttueeased production of leaves in
grafted plants as a result of an increased uptakeater and nutrients. Significantly
lower number of leaves of the grafted tomato in parison with the non-grafted one
at an early stage of grafting is due to the grgfsiress at an early stage of grafting.
Leaf emergence rate shown as plastochron per daglle 4.4 and 4.7 described that
the leaf emergence rate of all grafted plants wasifecantly higher than the non-
grafted ones. It may be due to vigorous growth abtstocks. Maximum leaf
emergence rate from the grafted plant on eggplantstock in all experiments
suggesting that eggplant rootstock was most vigormong the rootstocks. Shoot
growth analysis indicated that Plastochron indel} {$ consistently applicable for
describing the morphological status of the vegetatomato shoot. Shoot growth
(Plastochron index) shown in Figure 4.4 and 4.7ceted that the highest shoot
growth was observed in grafted plant on eggplaotstock. This could be due to the
vigorous growth of eggplant root-stock as describgchighest leaf emergence rate
(Plastochron per day) of eggplant rootstock ambegthers.

Number of branches per plant: Depending on rootstock type, the numbers of
branches of grafted tomato plants vary. All graffgants have significantly higher
number of branches than the non-grafted plantsi€TaR, 4.5 and 4.9). This could be
due to the variation of plant growth depending @otstocks. Eltayb et al. (2014) also
observed the variation of number of branches oftegtglants. The maximum branch
number observed in eggplant rootstock in all expents described that eggplant
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rootstock was more vigorous growth than the otlvertstocks. Similar result was
reported byMarsic’ and Osvald (2004) and Khah et al. (2006pdund that grafted

tomatoes have more branching compared to self-ddoteato plants.

Photosynthesis efficiency and chlorophyll content:Significant difference in

photosynthesis efficiency between the grafted amnlgrafted tomato indicated that
the photosynthesis efficiency alters dependinghantype of rootstock (Table 4.8).
This could be due to the vigorous plant growth tudigher chlorophyll content of

the grafted plants. Significantly higher value bfarophyll content of grafted plants
than the non-grafted ones impacted on the photbeygr# efficiency of the plants.
These results are in agreement with those of Zetngl. (2009) who found that
grafting reduced damage to the photosynthetic apypsyrsince this maintained higher
photochemical activity of Photosystem Il (He et 2009). Bhatt et al. (2015) also
showed the increased photosynthesis efficiencyggpkant rootstock even under

stress condition.

Reproductive parameters of grafted and non-grafted tomato: Sgnificant

difference of reproductive parameters was obsehetveen the grafted and non-
grafted tomato (Table 4.3, Table 4.6 and Table 4 Géafted plants produced flowers
earlier with higher number of flowers than thosetlé non-grafted plants. The
probable reason could be that grafted plants aosger and thus it is possible to
achieve much faster growth rate and flowering spedata (1976) and Sakata et al.
(2007) stated that watermelon grafted on bottle rdjotootstock causes early
formation of female flowers due to stock/scion camakion. Satoh et al. (1996) also
indicated that rootstock/scion combination altérs a&mount of flowering hormones
produced and influences the grafted plant orgamsilé® finding was also observed
by Lardizabal and Thompson (1990) who found theeased flower number as a
result of grafting. Fruit setting percent was stignrelated with number of flowers
per truss and number of fruits per truss. Fruitirsgtpercent of eggplant rootstock
was significantly higher than that of hot peppeotstock and non-grafted tomato.
Similar result was reported by Khah et al. (2006pviound grafted plants produced
more percent of fruits than non-grafted plants wiseedling of aubergine were
grafted on two tomato rootstocks. Therefore, it ¢e@nsaid that the fruit setting

percent of grafted tomato depends on the use ¢étok type.
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Number of days to harvest: The number of days taken tc' harvesting was
significantly affected by the use of rootstocksi{lea4.2, 4.5 and 4.9). Grafted plants
from eggplant rootstock showed the earliest pradocdf tomato fruits among the
treatments. Similar results were reported by otbsearchers (Bletsos. 2005; Khah et
al. 2006, Voutsela et al. 2012) who showed thaly eaarketable yield of grafted

plants was significantly higher than those of setited ones.

Number of fruits, single fruit weight and fruit diameter: Number of fruits per
plant, single fruit weight and fruit diameter ofaffed tomato were influenced by the
use of rootstock (Table 4.3, 4.6 and 4.10). The memof fruits per plant of grafted
plant was significantly higher than that of nonftgd plants in all experiments.
Among the rootstocks, eggplant showed the maximumber of fruits. Single fruit
weight and fruit diameter of grafted plants wergngdicantly higher than the non-
grafted ones. In field experiment, the maximumtfieight and fruit diameter was
obtained by local eggplant rootstocks. Similar iimy$ of increasing fruit size in
grafted watermelon (Miguel et al. 2004) and eggp(Bassam et al. 2005) were also
observedin a similar study, fruit weight of grafted planmtss found to be higher than
that of non-grafted plants (Khah et al. 2006).

Yield per plant: The total fruit yield of grafted tomato increasadngicantly in
comparison with that of the non-grafted plantalfle 4.3, 4.6 and 4.10This could
be as a result of increased fruit size, fruit weightl aumber of fruits in the grafted
plants. It is well known that the root system oé thlants affects vegetative growth
and vyield with the increase of water and nutrieptake due to the vigorous root
system of rootstocks (Lee 1994) and thus graftifigces growth and ensures higher
yields than in non-grafted plants. Maximum fruiteld obtained from eggplant
rootstock in all experiments is likely due to egaplbeing more vigorous. Schwarz et
al. (2010) also found that root system of eggplantery effective in water uptake
than tomato root systems. Similar yield increasgrafted tomato and cucurbits have
been reported by other researchers (Leonardi andfrda 2006; Chung and Lee
2007; Proietti et al. 2008).These data suggestadgtiafted tomato has a positive and

improved effect on plant growth, development anit fyield.

Brix value: Significant difference was observed in brix val@tvieen the grafted and

non-grafted tomato (Figure 4.5 and 4.8). Amongrib@stocks, mean value of brix
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percent of hot pepper rootstock was slightly higihan the others. This result agrees
with Riga (2015) who reported that rootstock gepetgreatly influenced fruit quality

parameters. Similar result was observed by othegarehers (Yetisir and Sari 2003;
Cushman and Huan 2008) who found that fruit solgblels content was affected by

grafting (effect of stock-scion relationship).



CHAPTER VI
CONCLUSION

The results indicated that grafted tomato has atgnepact on photosynthesis
efficiency, plant growth and fruit yield. Graftedapts showed faster leaf emergence
and greater shoot growth leading to greater plamivth and development. Grafted
plants are taller than non-grafted plants. Graffgddnts also result in earlier
reproductive development, faster flowering, earharvesting and higher fruit yield
compared to non-grafted plants. Therefore, tomasdtigg has positive effects on
plant growth and development, fruit yield and esasis.

Type of rootstock also has a positive impact omrghyll content enhancing
photosynthesis efficiency. Local types of roots®ad eggplant, tomato and hot
pepper are feasible rootstocks for tomato grafthugnong the rootstocks, eggplant
rootstock showed the best performance in terms raft gsuccess percent, field
survival rate, plant growth as well as higher fyuéld and earlier harvest. Therefore,
local eggplant can be used as rootstock in tomadygtion.

Grafted tomato minimizes biotic and abiotic strasd helps reduce the use of
agro-chemicals. Therefore, tomato grafting is adgewmy to apply in off-season

tomato production as well as in organic farming.
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APPENDICES

Appendix 1. Details of the crop cultivation practi@s in the experiment

Operation Stock plants Scion plant
Expt. | Hot pepper Tomato Eggplant Commercial
(local) (local) (local) tomato cultivar

Date of sowing
Date of grafting

Date of transplanting
to the nursery
Date of transplanting

10 May 201524 May 2015 17 May 2015
9 June 2015 9 June 2015 9 June 2015

19 June 2015 19 June 2015 19 June 2015

29 June 2015 29 June 2015 29 June 2015

24 May.2015
9 June 2015

19 June 2015

29 June 2015

into the field

Expt. Il

Date of sowing 17 Sept 2015 2 Sept 2015 25 Sept 2015 2 Oct 2015
Date of grafting 16 Oct2015 16 Oct 2015 16 Oct 2015 16 Oct 2015
Date of transplanting 23 Oct 2015 23.0ct 2015 23 Oct 2015 23 Oct 2015
to the nursery

Date of transplanting 30 Oct 2015 30 Oct 2015 30 Oct 2015 30 Oct 2015
into the field

Expt. 1l

Date of sowing 20 April 2016 8 May 2016 1 May 2016 8 May 2016
Date of grafting 22 May 201622 May 2016 22 May 2016 22 May 2016
Date of transplanting 29 May 2016 29 May 2016 29 May 2016 29 May 2016
to the nursery

Date of transplanting 29 May 2016 29 May 2016 29 May 2016 5 June 2016

into the field
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Appendix 2. Details of the crop management practicein the experiment

Fertilizer Weeding Pesticide Harvesting
application application

Expt. |

1%'time 7 July 2015 6 July 2015 7 July 2015 9 Sep 2015
2" time 17 July 2015  15July 2015 16 July 2015 12 Sep 2015
3 time 27 July 2015 25 Aug 2015 26 July 2015 16 Sep 2015
4" time 6 Aug 2015 5 Aug 2015 5 Aug 2015 19 Sep 2015
5" time 16 Aug 2015 15 Aug 2015 15 Aug 2015 22 Sep 2015
Expt. 1l

1%'time 7Nov2016  6Nov2016 8 Nov2016 16 Jan 2016
2" time 17 Nov 2016 15 Nov 2016 16 Nov 2016 19 Jan 2016
3% time 27 Nov 2016 24 Dec 2016 26 Nov 2016 22 Jan 2016
4" time 7Dec2016  5Dec2016 6 Dec 2016 25Jan 2016
5" time 17 Dec 2016 15 Dec 2016 16 Dec 2016 28 Jan 2016
Expt. Il

1%'time 13 June 2016 12 June 2016 13 June 2016 6 Aug 2016
2" time 23 June 2016 22 June 2016 21 June 2016 11 Aug 2016
3 time 3 July 2016 2 July 2016 1 July 2016 16 Aug 2016
4" time 13 July 2016 12 July 2016 11 July 2016 21 Aug 2016
5" time 23 July 2016 22 July 2016 21 July 2016 26 Aug 2016




