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ABSTRACT

Watermelon grafting methods used in Europe and Asia vary, bubased on
efficiency, skill and needs. China mainly practices the whosertion grafting method,
whereas, Europe and Japan employ the one cotyledon (splicelglagrafting method.
These methods are not suitable for grafting production in thedueSto the labor intensive
and high labor cost necessary to successfully produce grafiedplants. This thesis
introduced a modified grafting technique called the “Cotyledon DeMeitthod” and in three
experiments determined; 1) the rootstock leaf number stage JRBNwhich the greatest
grafting success is achieved; 2) the relationship betwesh doluble carbohydrates in
rootstock hypocotyl seedlings and grafting success; and 3) thetsefbf root excision
performed after grafting but prior to healing on grafting sss@nd hypocotyl carbohydrate
depletion. Grafting was performed on ten plants in five reptinatiusing four different
rootstocks: Lagenaria siceraria‘Emphasis’, Citrullus lanatus var. citroides ‘Ojakkyo’,
Cucurbitamoschatax Cucurbita maximdStrong Tosa’, ancCitrullus lanatusvar. lanatus
‘“Tri-X 313'. All scion material wasCitrullus lanatusvar. lanatus ‘Tri-X 313’. Rootstocks
and scion material were developed in synchrony to the appearattoe fokt (9-15 days),
second (13-18 days), and third (19-24 days) leaf number stagel As@asurements were
taken on both the rootstocks and scion material before graftintt). lotstock cotyledons
were removed at time of grafting to eliminate any potent@tstock regeneration.
Furthermore, roots were excised from the hypocotyl of one gghtied seedlings to reduce
the need to maintain an active root system during healing whictveal the hypocotyl
energy reserves to be conserved to initially heal the grédn and then generate new roots
(Excision treatment). Grafts were randomly placed inside bngeshamber for 7 days and

evaluated 14 days later for grafting success. The second esh@xtperiments were designed



to analyze total soluble carbohydrates accumulated in the rdofdet tissues before and
after grafting at each of the three RLNS with and withoots present. Plants were carefully
dissected on the day of grafting and 7 days after graftimgetsure individual plant organs
including root, hypocotyl, cotyledon, and leaf or scion hypocotyl, scionadtdy, and scion
leaf area. All individual plant organs measurements caukisf ten plants per samples
replicated five times. Carbohydrates were extracted usingnitbanol-chloroform-water
method. The carbohydrate concentrations were determined using the pumat acid
assay and read by the micro plate spectrophotometer. Measuregsdonptarbohydrate
analysis consisted of a subsample taken from ten plants grouptésaeplicated five times.
Each ten-plant sub sample was determined by the mean of twreeptiadtions on the micro
plate with the coefficient of variation values generalygsl than 10. Grafting success
increased with each increase in RLNS. Aerial dimensions takKerelgrafting revealed that
the rootstock hypocotyl diameter, length, and area increasedhmfirst to the third RLNS
and were related to grafting success. Total carbohydrate rapssts taken from each
rootstock hypocotyl organ before grafting increased from thet fo the third RLNS
suggesting a relationship between grafting success and hypoadighydrates. The overall
carbohydrate concentration remained the same among RLNS, but #esean dry weight
from the first to the third RLNS accounted for the vasréase in total carbohydrates per
hypocotyl and thereby increased grafting success. Rootstock hypawatytarbohydrates
greatly decreased when roots were left intact versuseskdisdicating root excision can be
employed to conserve hypocotyl carbohydrate to encourage healing whildo isssential
for mechanical grafting. Excising the rootstock root prior talihg but after grafting did not
decrease grafting success at the second or third RLNS @ndahtle rootstocks tested. The

“Cotyledon Devoid Method” provides a successful option that mag patential to reduce



grafting cost by successfully removing rootstock regeneratimwever, precise seed
germination and seedling development guidelines must be followeddar to achieve

acceptable grafting success.
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PREFACE

Watermelon grafting is an important part of watermelon preciudb avoid soil-
borne diseases and/or chemical fumigation in areas where latidmds not feasible (Cohen
et al., 2007; Oda, 1995; Ygti and Sari, 2003). For many years grafting in watermeloss ha
been viewed as an option solely in areas where labor astsinimal. With the ongoing
search for alternatives from band fumigants such as methiylitbe, grafting in watermelons
has come under the spot light as a possible alternative (Coher2€04!l, Cohen et al., 2007,
Koren and Edelstein, 2004). Grafting has great potential to haxery positive effect for
commercial production in the United States by overcoming saileopathogen impediments
(Cohen et al., 2007; Kurata, 1994; Lee, 1994; Lee and Oda, 2003; Oda, £395;eY al.,
2003), increasing fruit quality (Cohen et al., 2007; Core, 2005; Davis enkih& Veazie,
2005-2006), and improving the plants overall environmental eftigi¢@ohen et al., 2007;
Koren and Edelstein, 2004; Lee, 1994; Oda, 1995; Pulgar et al., 2008m¥eet al., 2008;
Yetisir and Sari, 2003).

A major problem inhibiting the use of grafting is rootstoclgrewth occurring after
grafting. Rootstock re-growth occurs in the current commiegrifting practices and has
prevented introduction to the United States agriculture markedulse of increased cost
during transplant production. Re-growth initiates at the basieeofotyledon and will cause
the graft to weaken, abort, or delay production if left intactgfath removal is labor
intensive, and very costly. An alternative grafting method wigilsminates potential re-
growth is needed in order for grafting technology and benefisaid¢oessfully increase into
the United States. Current commercial grafting practiegeigd on maintaining at least one
rootstock cotyledon during the healing period following grafting $arvival (Cushman,

2006; Hassell et al., 2008; Oda, 199%emoval of both cotyledons in a one step fashion at



time of grafting, eliminates all potential re-growth and pogdigtireduces overall grafting
cost. | have observed that the rootstock hypocotyl begins to yelémline and senesce when
grafted at the *ltrue rootstock leaf number stage (RLNS) which is custorfargurrent
commercial grafting techniques. The removal of both cotyledoriagdgrafting initiates a
steady decline of the hypocotyl resulting in rootstock death stiggethe hypocotyl had
insufficient nutrient reserves prior to grafting. Withohiststored supply of carbohydrates,
the hypocotyl cannot live long enough to benefit from photosynthatesratat by the
newly grafted vegetative tissue (Bisognin et al., 2005; Lcuedl Moore, 1971; Lovell and
Moore, 1970). When plants are allowed to mature to the appeatiee?® or 3¢ true leaf,
hypocotyl deterioration does not occur, suggesting perhaps that @sergas were available
with maturity to maintain the rootstock until graft healingelplace. The objectives of this
research study were: 1) to determine the developmental atagkich grafting success is
achieved while removing both cotyledons during the grafting procedure; 2etonifee plant
tissue carbohydrate concentration in four different rootstockaeh it 2 and & true leaf
developmental stages before grafting; and 3) to determinehe&rhebotstock hypocotyl
carbohydrate levels relate to grafting success at thee thevelopmental stages for each
rootstock. Specific research data to achieve my objectivedade determining: 1) organ
carbohydrate concentration in rootstock seedling leaves,edoty] hypocotyl, and roots
tissues at time of grafting for three developmental stéjethie carbohydrate concentration
of scion material at three developmental stages; 3)atimhydrate concentrations in grafted
seedling tissues after healing takes place with and witlomi$ present: hypocotyl, scion
hypocotyl, scion cotyledons, and scion leaves; 4) hypocotyl lengtinetka and area before
grafting; 5) leaf and cotyledon area before and after graft@)gjeaf and cotyledon

chlorophyll content before and after grafting; and 7) the relsitipn of carbohydrate



accumulation in rootstock hypocotyls with grafting success withvétitbut roots present.
My research goal is to enable transplant producers in the dJBitates to successfully
produce grafted watermelon transplants as an alternate tolrbedingide fumigation at a

potentially lower cost to the grower.



LITERATURE REVIEW
United States Water melon Production History

Since the introduction of watermelon into the Americas fromicAf(Mallick and
Masui, 1986), its production has become a significant crop in thedJ8tates, reaching as
high as 4.3 billion Ibs in 2007 and revenues surpassing $475.8 million AUSOD8).
Watermelons are produced on crop rotation fields once every &6 yue to the
accumulation of soil borne pathogens that severely reduce andrapiyield (Bruton, 1998;
Yetisir and Sari, 2003). Inadequate rotation has perhaps contributed thesgtedncreased
incidence and severity of soil borne diseases (Bruton et al., 1998).

In some areas where land rotation is not feasible, suchiaswaermelon grafting
is an important part of production to avoid soil-borne diseases acttonical fumigation
(Cohen et al., 2007; Oda, 1995; ¥etiand Sari, 2003). Growers in the United States have
used fumigants such as methyl bromide, to overcome soil borneadiseasl successfully
harvest their crop. Beginning in 1995, a partial ban and now bdn|lwas placed on the use
of methyl bromide according to the Montreal Protocol to preventdpéetion of the ozone
layer, and to conserve other non-targeted organisms (Ristainchante¥, 1997). Since the
ongoing limiting use of fumigants, grafting has become of gréaterest as an alternative to
methyl bromide fumigation for disease avoidance (Cohen et al., Zithen et al., 2007;
Koren and Edelstein, 2004).

Grafting History

Grafting is the union of two or more plant tissues that subsdglgrow as a single
plant (Andrews and Marquez, 1993). Plant grafting has been pedamnthina before 1500
B.C. (Lee and Oda, 2003; Oda, 1995). The first vegetable cropgrafted date back to the

seventeenth century; however, it did not become popular until thd 92@s. Farmers in



Korea and Japan grafted watermelon plant onto a gourd rootdtagknaria sicerariq to
provide resistance to soil borne diseases caused by svecesgping (Ashita, 1927). Many
areas with intense watermelon production and/or little landladiiity such as Turkey,
China, Korea, Japan, and Israel have had to overcome iidiastat soil borne pathogens in
watermelon that arise from the inability to rotate cropsh@oet al., 2007; Oda, 1995;
Yetisir and Sari, 2003). Current uses in other countries confirm #sgbiéty of grafting the
horticultural designed cultivars on a resistant cucurbit tocksas an alternative method to
crop rotation and disease avoidance.

Watermelon breeding programs have attempted to increase diseamee to soil
borne diseases by cross breeding lines exhibiting resistamcéor{B 1998). Successful
breeding advances continue to allow watermelon cultivation inWi& at high costs.
Attempts to breed for genetic resistance are very timeucaing and costly due to the nature
of introducing wild type resistance with unacceptable morphologibalacteristics into
highly selected cultivars ready for market consumption. Theseceptable characteristics
must be bred out while maintaining the resistance and increasirigiit quality. These costs
are further amplified when the resistance is overcome by imytdiseases and then new
additional disease resistance genes must be introduced (BdfiéB). New ways of
incorporating and maintaining resistance is continuously sought kedibge researchers.
Countries such as: Japan, Korea, China, Turkey, and Israel, begféinggwatermelon
cultivars onto resistant rootstocks to overcome crop loss freeasé infection (Cohen et al.,
2007; Kurata, 1994; Lee, 1994; Lee and Oda, 2003; Oda, 1995ir ¥etl., 2003). Today a
watermelon graft consists of a vegetative horticulturalgieed cultivar portion called a scion

that is united with a desired cucurbit hypocotyl and root hypocotyl termed tistocio



By breeding resistance into the rootstock, breeding time is eddsignificantly
because the screening traits are fewer. In watermelong #re at least three species
available to find different plausible rootstocks suited foafting and disease resistance.
Watermelon is currently grafted dragenaria siceraria(bottle gourd),Citrullus lanatus
(wild watermelon),Cucurbita moschata Cucurbita maximginter-specific squash hybrid),
squash hybridsQucurbita moschata Cucurbita maximpa Lagenaria sicerariacan be used
to control Fusarium wil({Yetisir and Sari, 2003)Over 95% of the commercial watermelon
seedlings are grafted in Japan, Korea and Greece whersndaareas are small, very
intensive and crop rotation is an uncommon practice to overcomdaosnég pathogens
(Kurata, 1994; Lee, 1994; Traka-Mavrona et al., 2000).

Current Grafting Methodsin Water melon

Many different watermelon grafting techniques are avalabldday namely “the
tongue approach graft”, “one cotyledon graft”, “hole insertiontgrahd the “side insertion
graft” (Cushman, 2006; Hassell et al., 2008; Lee, 1994; Lee and Oda,Q@831995). The
approach graft is one of the original grafting methods perforrfiese and Oda,
2003);however, the one cotyledon and hole insertion grafts are amstanly used today in
commercial production. Preferences to grafting techniques arempromise among a
number of influential factors to maximize the benefit to fie imdividual’s needs and
available resources. These contributing factors includedse and technicality of grafting,
success rate, and overall cost (Davis et al., 2008; Hassell28G8;,Lee, 1994).

1- Tongue Approach Graft

The “tongue approach graft”, or simply known as the “approach’ graftelatively

simple to graft (Fig. 1) (Hassell et al., 2008). It is the oldest grattictgnique, which became

widely used in the 1920’s in Asia due to its higher succesglragzand Oda, 2003) and the



growth uniformity (Hassell et al.,, 2008). This method continues topiaferred by
inexperienced growers because of its simplicity, high successarad little care since it does
not require healing chambers (Lee and Oda, 2003). Referring t@ figat the first true
RLNS and older RLNS a diagonal slice is made below the cotyledohsth hypocotyls of
1)the scion and 2), rootstock; slices should be opposite to one anopiveard and
downward, respectively (Cushman, 2006; Oda, 1995). Each cut should be algenpar
length so they can match up together, 3). Each slit acts likmgue and both are fitted
together and sealed with an aluminum wrap to allow healing ® pdce. The rootstock
meristem and cotyledons are 4) completely removed three flaygrmafting and 5) the scion
rootstock is removed at seven days after grafting. The ssinow solely dependent on the
new rootstock (Oda, 1995). The plants must be individually handled iyaauthe time of
grafting, again at three days after grafting to remove teestem from the rootstock, and
once more at day seven to remove the root portion from the. Sdics makes it a very labor
intensive and time consuming grafting method. Both rootstocks ameré¢pé&anted together
during the grafting procedure to increase the proximity dutireghealing time. This is a
significant drawback if it's being done in a greenhouse asciipies twice the amount of
space and is costly to maintain (Cushman, 2006). Because &temetic tissue from the
rootstock is removed during the grafting procedure, rootstock re-growthocknger occur.
2- One Cotyledon Graft

The “one cotyledon graft” is also known as “splice”, “slant”“tube” graft. This
graft is moderately simple being less labor intensiva tha approach graft (Fig. 2) (Hassell
et al.,, 2008). The one cotyledon graft can be completed at one atiheminimizes
greenhouse occupancy making this method the most popular grafts axoagenced

growers and commercial nurseries in Korea. It is performeceither by hand, semi-



automatic, and with automatic robots (Kobayashi et al., 2006; Kut@éx; Lee and Oda,
2003). Plants are ready for grafting when the first trueitepfesent on the rootstock or as
young as the scion cotyledon stage (Cushman, 2006; Oda, 1995). Thtemetic region
becomes increasingly difficult to completely remove when thestodt plant material ages
past the first true RLNS. The procedure is as follows: 1) the $icut at an opposing 45° to
65° angle to the rootstock, approximately one inch below the cotyleworiacilitate
clamping; 2) the rootstock meristem and one of the cotyled@ensutrsimultaneously from
the plant at a 45° to 65° angle to maximize the grafiinfase area; 3) the sliced portion of
the scion and rootstock hypocotyl is then joined together to ensukadbalar tissues are
contacting each other: and 4) the graft secured with a springp d¢laat is placed around the
outside region of the splice. Immediately following graftingants require special
environmental conditions for healing. This includes: high levelshafle and humidity, and
healed at approximately 25 °C in a healing chamber. The healingbehaminimizes
environmental stresses to allow newly grafted plants to Wwehbut undue environmental
stress rather than continue with photosynthetic activity tetilling is complete. Under low
light conditions, the stomata on the leaf close forcing gavamge and photosynthetic
activity to cease which slow wilting to maintain the plansotdar system at optimal
survivability. The high humidity prevents the plant from excessiiting and assists in
maintain high tugor pressure which aids in graft healing. Nevdjtegt seedlings should be
kept in the healing chamber for the duration of the dredtling lasting approximately seven
days. Three days into graft healing, light intensity is in@@aand humidity is gradually
decreased in the healing chamber to prepare the seedlings foenanebvironmental

conditions outside the chamber.



The overhead cost of the humidity chamber increases the owesalto produce a
quality grafted transplant. The unique spring loaded clips whielused require labor costs
for placement and removal. Finally, removal of meristenratigrowth which occurs using
this graft method increases overall cost. Costs can be fumtreased using this method if
grafting is performed on older plants. Rootstock re-growth ocatreven higher rates
because it is more difficult to remove all meristemé&étisue during grafting which adds to
the cost of labor even once the seedlings are planted in the field.

3- HoleInsertion Graft

The “hole insertion graft”, which is also called “terminal”utt or “top insertion”
graft (Fig. 3) (Hassell et al., 2008), is favored by watermgtowers in Japan because of the
shorter growing time required for scion material compared tadbtstock (Lee and Oda,
2003). Grafting can begin once the first leaf emerges fromoibistock. The scion is ready
for grafting during the cotyledon stage and up to the first true leafe®xperts report that it
can be used even as soon as the shoot emerges from the soil (Lee and Oda, 2003).

The procedure for this method is outlined in figure 3 as folloWysthe scion
hypocotyl is cut 2 cm below the cotyledons at a slant on opposiles $0 expose the
vascular tissue; 2) During this step as much of the meristetissue should be removed as
possible; 3)A specialized tool, such as a bamboo stick or smalbidrils used to make a
hole that is slant to the longitudinal direction between titgdemons and into the hypocotyls
which should slightly pass through the hypocotyl on one side for the bgpocotyl to be
inserted allowing the vascular system of both hypocotyls to cateecbntact with each
other; 4) The pointed region on the scion is then snuggly insdrtealgh the slanted hole in
the hypocotyl to complete the graft ; and 5) This method doesreuptire the same

scion/rootstock hypocotyl slant cut matchup, does not require eib the newly grafted



plant is then placed inside a healing chamber for seven dagseasbed previously. There is
a high success rate on rootstocks that are compatible witenaeg; however, a great
concern lies within the high rate of remaining meristematiogisénce which will necessitate
future re-growth removal and increasing grafting cost. Rootsgekts that have a
pronounced hollow stem, such as inter-specific squash hybrids, arékidgsto work
because of hollow stem creates a gap which prevents thefisgivadhering to the rootstock
and/or inserting the seedling into the pith cavity of the tooks By doing so allows
adventitious roots from the scion to elongate downward through thegpitbrand into the
soil which will void the resistance and lead to complete rockstlecline (Lee and Oda,
2003). This technique has not been successfully automated becabsetethnicalities of
performing this graft.
4- Side I nsertion Graft

The “side insertion graft”, also known as the “cleft” or “spli graft (Fig. 4) (Hassell
et al., 2008), is a modified whole insertion graft (Lee and Oda,)26@@&dlings are ready to
be grafted at the first true RLNS. The graft is as fedlol) using a sharp blade, the scion is
cut at an angle on both sides of the hypocotyl below the cotyleddoet a v-shape; 2) cut
a small vertical slit through the middle of the rootstock stestead of at the top of the
meristem; 3) The slit is propped open with a toothpick; 4) Thengs then inserted into the
slit at an approximate 30° to the rootstock tip and a clip egdlaver the union to secure the
graft during the healing process, but its removal will be requre® healing is complete;
and 5) Three days after grafting carefully cut off the roctstvegetative tissue just below its
cotyledons. This grafting technique seems very simple, buttimgethe scion into the
rootstock can be somewhat difficult. The involvment of toothpiokkes it more time

consuming and cumbersome. Once grafting is complete, the seedlings must be pldeed insi
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healing chamber for three days after grafting, but an intenserdanof labor is required to
remove the rootstock shoot above the graft once the embedded sclealeas Because of
this step, this procedure cannot be automated; however, metistezagrowth is no longer a
problem. A further reason why this grafting technique is unpojsildre failure of vascular
bundles to align sufficiently for a strong healing to take place to secureafhe g
Watermelon Grafting Benefits and Disadvantages
Advantages

Valuable benefits can also be introduced from grafting watiems on intra- and
interspecific rootstocks (Cohen et al.,, 2007). Resistant rootstoaksbe alternated to
overcome disease to maintain high watermelon production yieldslstgin, 2004a).
Fusariumoxysporunt. sp.meloniscan be avoided by using interspecific rootstocks (Cohen
et al., 2007). Some rootstocks fraragenariaare able to confer resistance in Cucurbitaceae
against carmine spider mit&etranychuscinnabarinus (Edelstein et al., 2000). Other
rootstocks display tolerance for other soil-borne pathogens sudhoasaporascusand
Macrophomia(Koren and Edelstein, 2004). Another highly positive benefit is sbhate
rootstocks have been known to effect fruit quality (Core, 2005jsDawd Perkins- Veazie,
2005-2006). By grafting watermelons on to different rootstocks, thetyjaohlithe fruit has
been known to increase fruit firmness and thus increase shelf life. Thdsehasa added to
the quality of the fruit, in other countries, when shipping to foréagads. This is a valuable
potential preservation characteristic for this country inftet that this may extend fruit
longevity for both a harvest window for growers and on the statige for produce buyers.
It could also open new markets for the fresh cut industry. One ibenéhat some grafts
increase nutrient and water uptake due to a higher capacitjtfogen uptake and transport

to the scion, which greatly increases its growth (Pulga.eR000). This advantage allows
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the plants to better use fertilizers and other nutrientsatbatd have been left in the soil. The
absorption efficiency of water is increased by vigorous rootstiees 1994). These benefits
have the potential to lower nutrient costs and amount of requiatel wer plant to harvest
the same yield.

Grafted plants show a greater cold tolerance which gseat benefit since non-
grafted watermelon plants have such little tolerance for lemperatures (Oda, 1995;
Venema et al., 2008). Water logging is another watermelon prodyctbiem which causes
the root to suffocate and crop production to halt. Studies show amsgecire water logging
tolerance with grafted plants (Ysgtiand Sari, 2003). In another study, grafted watermelons
had a greater tolerance when watered with saline water tldatheli non-grafted plants
(Cohen et al., 2007) which implied the increase in drought toleiargrafted plants as well
(Koren and Edelstein, 2004).

Disadvantages

Although there are many impressive advantages to grafting, soatvalidages have
discouraged this technology from use in the U.S. These disadvantages dnaelishetween
incompatibility, fruit quality, and cost. Incompatibility is thelfae of the scion to unite and
adhere to the rootstock. Lesser but still problematic incotbiptis occur when the plant is
unable to grow in a healthy manner, or exhibits premature death (Gaa¥®). Other
incompatibilities can cause poor fruit quality, yield reductiamj @ossibly plant collapse.
This may be due to the reduction in or blocking of photosynthatesort. Vascular bundles
must come in contact with each other in order for grafting teumeessful and to avoid
incompatibility (Oda et al., 1993). In order for healing to take@laascular bundles from
the scion and rootstock, severed during grafting, must comenitimaaie contact with one

another for correct healing to take place. Vascular tisdierentiation from the callusing
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cells occurs in compatible grafts only (Andrews and Marquez, 1993ir@rauccess can be
increased by increasing the surface area and contact regiorebdtwescion and rootstock
by increasing the sliced region allowing the vascular bundle owlib& to increase contact.
Different plant species have a varying number of vasculadlbs. This may increase the
difficulty to adequately align vascular bundles from the rookstmed scion if they are
unequal to achieve a successful graft (Oda et al.,, 1993). Somessaldo shown that
rootstocks can adversely affect the taste and shapetefmedon fruits (Edelstein, 2004a).
Plant proteins, either structural or nonstructural that srghesized in the root, are
translocated to the scion can give the fruit an offdiathat has been reported. These
discrepancies are not reported in all rootstocks and caovéeome through screening
procedures to evaluate for rootstock performance.

Overall cost versus benefit becomes the bottom line when gsothenk about
production within the United States: A grafted seedling inUl& is estimated to cost more
than $ 0.75, as suggested by Taylor et al. (2008) being far mor$ €haa for a non-grafted
seedling. There is an additional cost for growing the rootstockisge in comparison with a
non-graft seedling transplant. This cost can be broken down into twice the amorawiofyg
material, space, and time. Additionally equipment is neededrédtirgy such as a sharp
blade, clips and a healing chamber. Labor is necessary to bahefatile the seedlings while
performing the grafting procedure and with removing rootstoagaesh and this removal
can be very expensive and of major concern due to overall cadst®k re-growth occurs
at the base of the rootstock cotyledons where meristenggigetis present. Current grafting
techniques attempt to remove all meristematic tissue dthengrafting procedure. When the
meristematic tissue is not removed, re-growth occurs dt hates. Even when grafting

experience is increased and rootstock re-growth minimized, thairieg re-growth is yet
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too costly to remove at a reasonable cost. Overall cost maicbeased in order for grafting
technology to be considered for commercial practice within thieet) States. This problem
can be reduced by completely removing the cotyledon duringrgyafthich eliminates the
meristematic region; however, some attempts to succesdjudlft by removing both
rootstock cotyledons in a one step fashion has not been successful §D02062).
Plant Physiology: Role of Cotyledons

The cotyledon leaf appears to play an important role in ssitdggafting. Although
it is ultimately the ability of the vascular bundles e into alignment and interact with
one other that determines success, the cotyledons play aal ol that is not fully
understood. Graft healing appears to be dependent on hormonal signaling masdifadhe
cotyledons that successfully heal the wounded region which will be explained below

The cotyledons are the initial energy source for the develogeegling, and are
responsible for 80% of the GQixation (Lasley and Garber, 1978). After emerging, the
cotyledons continue to expand from 14-(Bisognin et al., 2005) to 50+fmlcdbacome leaf-
like to photosynthesize the needed carbohydrates for the ptlviédoping organs (Lovell
and Moore, 1970). Bisognin et al. (2005) suggested that cotyledons sholld daimaged
until leaf surface area is equivalent to cotyledon surfaceeeept a large decrease in £O
exchange and possible plant death. In cucurbits, cotyledons undeigjo rate of expansion
growth involving an increase in cell number and size with the dpnednt of functional
stomata on both sides of the leaf after emergence (Bisegrih, 2005; Lovell and Moore,
1970). The overall CQexchange rate is much higher per area than those of |dagsy
and Garber, 1978)

Tissue below ground can display an even stronger dependence on awyled

(Bisognin et al., 2005). If the cotyledons are removed within teedays of germination, the
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seedlings growth and development will be delayed and may reswdédth. The young
seedling development is dependent on cotyledon photosynthetidya@@enny et al., 1976)
as the tissue below ground is still maturing and requireasa amount of energy. The
establishment of cucumbers is highly dependent on cotyledons (Bisegral., 2005).

Because of the role of the cotyledon in supplying necessarygyerer the developing

seedling during the young stages of development, a deficit iedsteserves during grafting
at early stages would be detrimental to grafting successowegncotyledons to prevent
rootstock re-growth immediately after germination would pnéwell tissue from maturing
resulting in graft failure.

Plant Physiology: Graft Healing

Graft healing and survival greatly depend on the compatibiliscimh and rootstock
combinations which can be anatomical, physiological, and genetiabiesi (Edelstein,
2004a; Edelstein, 2004b). A low survival rate in grafted plantsbealue to two main
characteristics: 1) the removal of the cotyledons fromdbegstock; and 2) limited number of
the vascular bundles that contact the scion to the rootstock (Oldalée4).

Hormonal interactions such as gibberellins, auxins, and cytokinve d&lao been
shown to affect graft healing. Gibberellic acid is a produstipced in the cotyledons that is
essential to the cell division in reuniting the cortex of tredtginion (Asahina et al., 2002).
To better understand the involvement of the cotyledons in thenpgmbcess, the cotyledons
were removed and cell division was inhibition during tissue reufAsahina et al., 2002).
This inhibition was further reversed upon the application of gdilies to the apical tip of
the cotyledon-less plant. Reports showed that this inhibition alsxs present in a GA-
deficientgib-1 mutant of tomatol{ycopersicon esculentumyhese results conflicted with a

previous study on tomato which showed that the addition of gibbeeait in a culture
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medium was inhibitory to the graft development (Parkinson aedntan, 1982), which
suggested they could be specific to a species, or they did not gdethigita

Cytokinins and auxins are also considered very important in grafirdgficit in
cytokinins is associated with incompatible grafting combinationsd{éws and Marquez,
1993). Further investigations showed that the application of kirietia culture medium
stimulated the graft development (Parkinson and Yeoman, 1982). Irdsegaauxin, the
application of one indole-3-acetic acid to the apical end suggested to be an absolute
requirement for healing success (Parkinson and Yeoman, 1982). Furthermore imiagmgli
study by Shan-fa et al. (1996), an optimal level of plant hormomeding the auxins, IBA
and cytokinin 6-BA, was found to control the formation of graftonsiby influencing the
number of vascular bridges formed between rootstock and scion.

There are differing opinions on whether a difference in hypocadgyheliers between
scion and rootstock affect grafting incompatibility. Both Odaak (1993) and Traka-
Mavrona et al. (2000) reported that the smaller difference®ihytpocotyl diameter between
the cucumber scion and squash rootstock may increase compathiityhe quantity of
vascular bundles has no effect. Edelstein et al. (2004b) found ndatiorrewith the
difference between scion and rootstock hypocotyl diameters auleasbundles and the
survival rate of the grafts and concluded that the differenas attributed to different
grafting techniques being.

Role of Carbohydrates and Sink-Sour ce Relationship

The role of the cotyledon in graft success and seedling silirgivggest a correlation
between the two, and merits additional research to understasthkifgource relationship in
relation to grafting success. During the developmental procebseedling establishment,

plant tissues can be classified as either a sourcelotcstefine the patterns of carbohydrate
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translocation. Areas that produce more photosynthate than iancedsbecome a source.
Photosynthate is translocated from the “source” (the sight of pmihesis) to a “sink”
(another plant organ that is consuming photosynthate at a highénaaté is producing for
development or storage). Sink areas may shift during plantapement. The major sinks
during vegetative growth are the shoot and root tips. The seedsuaadecome dominant
sinks for the duration of reproductive development (Taiz and Zeiger, 2006).

In a study to better understand the distribution and effe¢hefcotyledons on
carbohydrates, Mayoral et al. (1985) found that with a 12-dayesdlisg, the sucrose and
starch contents of the cotyledon increased upon the removhé girimary leaf. With the
primary leaf still intact, the removal of one cotyledon desgdahe carbohydrate content of
the remaining cotyledon. This redistribution and fluctuations obal®ydrates appears to
coincide with the source/sink relationship of the developing orghescotyledons being the
source, and leaf being the sink. The removal of either cotyledbimevease the dependence
for the demand in carbohydrates for the developing leaf resuitorg the remaining
cotyledon. By removing the developing leaf, the high demand for cadbatieg will cease
thereby decreasing the translocation of photosynthates from the cotyledons.

Carbohydrates play an important role in the survival of thedlgg including
construction of the carbon skeletons, energy source, osmotictseffsmduce signal
transduction, and modulating gene expression (Rapaka et al., 2007vig)in8aime affects
carbohydrate levels in leaves and stem tisBoeulaca grandifloracuttings harvested earlier
in the day have fewer carbohydrates than those harvestedRamaka et al., 2007b). Total
carbohydrate concentration in the plant is dependent comjantlsunlight intensity and
overall accumulated carbohydrates during the day. By the end oflathke period the

carbohydrates are completely remobilized (Rapaka et al., 206daher studies have
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demonstrated that changes in carbohydrate levels affect pasthahelf life of leafy green
vegetables with lower carbohydrate concentrations having a sistotage life (Rapaka et
al., 2007a). Additionally adventitious rooting intensity was alswelated with carbohydrate
concentration. Cuttings with higher carbohydrate concentrations batkgrooting intensity
than those with lower concentrations (Rapaka et al., 2005).

Watermelon seedlings contain various carbohydrates in petioleaitissue. These
carbohydrates are fructose and glucose, found mainly in the petiole and stadfivsxse and
stachyose found in the leaf (Ranwala et al., 2002). Within Cuaggaie, stachyose and
sucrose appear to be the major translocated carbohydrates agitlyaste the predominant
carbohydrate within the cantaloupe leaf, and monosaccharides arsoste abundant
carbohydrates present in young fruit and stem tissue (Bruton et al., 1998).

The involvement of carbohydrates in grafting has not been préyimwewed. The
interaction and redevelopment of the graft union in large estamild be dependent on the
amount of carbohydrates present in the plant at the time fiingralue to the role of the
cotyledons in supplying energy, and the complex ways in which carbobydaa¢ used
within a plant. At grafting, the growing shoots and roots Wwél the main sinks. During
healing, grafts are placed in low light levels until thefigi healed, the synthesis of new
carbohydrates would be prevented and the seedling would be compédiahy on stored
carbohydrates for survival.

Grafting success appears to be dependent on a variety ofteinatacs which are not
completely understood including environmental conditions, plant vigor, carbohgdrasst,
and the proper alignment of vascular bundles (Bisognin et al., 20@6prding to Oda
(1995) newly grafted plants must be placed in a humidity chamber with lowirltghsity for

healing to take place. The ability of the rootstock and scion to heal the wound theatgh
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grafting may be dependent on the total energy available. Stindie®d that grafting success
is determined greatly to the extent that vascular bundlesh®rscion and rootstock are
aligned (Oda et al., 1994). Other reports showed that auxin, gilibercid and cytokinin
promote vascular cambium formation as discussed previously. Aditiothe cut regions
of both seedlings should not be allowed to dry. After grafting, thigegl seedlings should be
kept in 100% humidity for three days followed by a gradual dryini day seven. The light
intensity should be at 3-5 kix (Oda, 1995) and the temperature shoulditiimed at 2%
(Cushman, 2006).

Grafting costs increase due to meristematic re-growth wiicturs at high
frequencies as long as active meristematic regions rewndime rootstock after grafting with
current commercial grafting procedures. The splice grathod is also not cost effective in
the United States because of the intense manual labor involvedaGengrowth does not
occur at the same time which necessitates removal arediff times to ensure complete
removal. Cost for removal are further escalated when thkensare required to walk the
field to individually remove the re-growth once the graftth{s are planted out in the field.

(Cushman, 2006; Lee and Oda, 2003; Oda, 1995).
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MATERIALSAND METHODS
Seedling Development

Four rootstocks were testedlagenaria sicerariacv. Emphasis (bottle gourd),
Citrullus lanatus var. citroides cv. Ojakkyo (wild watermelon),Cucurbita moschatax
Cucurbita maximav. StrongTosa (inter-specific squash hybrid), a@drullus lanatusvar.
lanatuscv. Tri-X 313 (triploid seedless watermelon). Scion material ®arullus lanatus
var. lanatus cv. Tri-X 313(triploid seedless watermelon). All seeds were pieyi by
Syngenta Seeds, Inc., Boise, Idaho. The soilless mix was a cosxoprepared by Conrad
Fafard Inc., Anderson, SC with the following composition: 75% NB (NEwnswick)
nursery peat, 25% coarse perlite, 2.04g/m of dolomitic limestoe453.6g/ m of gypsum.
This mix is similar to the 3B mix (Conrad Fafard Inc.) buthwiit a nutrient charge.
Rootstocks were grown in 72 square vented plug trays (cell deft¥ afm with top and
bottom cell diameters tapering from 4.0cm to 2.5 cm TLC Patyfdnc. Morrow, GA). The
scions were seeded in 288 square plug trays (cell depths of 3.&chopvand bottom cell
diameters tapering from of 2.1 cm. to 1.1 cm TLC Polyform, Inc. Mgr®w). Rootstock
and scion seeds were sown in a truss built glass greenhobigelhiited States Department
of Agriculture Vegetable Laboratory in Charleston, SC duringahe2008 and winter 2009.
The greenhouse was one compartment from the multi-greenhouse striitteigreenhouse
area and specifications were as follows: 289% The environmental conditions were
controlled using a step 50 alpha control system (Wadsworth @ada, CO). This control
system controlled the TF-75 gas fired heater (Sterling Co.t{f\llds MA), the evaporative
(6.7 m long) cooling system (Aerotech Amunters Co., Madison, Ml)uleirezent fan 50.8

cm patented plant-air VS20PA circulation and the 40.6 in dirgee dlush mount style
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variable speed exhaust fan placed in the gable (Schaefer, Souk RapidansdliNyo 76.2 cm
fans (Acme Engineering and Manufacturing Corp., Muskogee, OK).

Each rootstock and scion seeds were sown (30 trays of ealiffgent dates based
on a preliminary study (data not shown) to coincide with the deveopof each respective
1%, 2" and ¥ rootstock leaf number stage (RLNS) (see Table | & AppeAdliThe RLNS
development in this study is defined as follows: THeRLNS is when the cotyledons are
fully expanded and the appearance of the 1st leaf is visilieteye; the" RLNS is when
cotyledons and the 1st true leaf are fully expanded and therappeaof the 2nd leaf is
visible to the eye; and thé?RLNS is when the cotyledonss,‘,land 2nd true leaf are fully
expanded and the appearance of the 3rd leaf is visible &y¢hdrootstock seeds were sown
at approximately 1.5 cm depth in the soilless mix and maintained omtisgermination was
complete. Scion ‘Tri-X 313’ seeds were sown at approximatelgn depth in soilless mix
using germination methods developed by Hassell and Schulthies (20022edlings were
fertilized with 100 ppm with 15-5-15 fertilizer (Scotts-SeerHorticultural Products Co.,
Marysville, OH) using the Anderson Injector Series S (H.E. AsaeiCo., Muskogee, OK)
once cotyledons were fully extended and as needed to prevessigrcetiolating and to
maintain healthy plants.

New Grafting Method and Analysis

Rootstocks species were grafted at separate times staittngnterspecific squash
hybrid, followed by the bottle gourd, wild watermelon, and the seedl&sgllwatermelon at
three different RLNS each. All rootstock plants were gahftising the cotyledon devoid

grafting method.

25



Cotyledon Devoid Graft

The cotyledon devoid grafting technique is a new method aimeslirainating
rootstock re-growth and is the method under investigation. The cotybmlanid graft is
described as follows: 1) using a sterile single edge Kobatteb{Warner Manufacturing
Company, Minneapolis, MN) rootstocks were first cut just belovin lhoé cotyledons at a
180° angle to remove all possible meristematic regions (F&.Appendix-A). This was
performed to increase accessibility and precision for theiggaslant cut. An approximate
65° slant cut was then made at the tip of the hypocotyl. 2) Thwe was cut at the base from
the roots in large quantities and set on sterile paper toweissl then individually cut at
approximately 2 cm below the cotyledons with an opposinyafgle to the rootstock slice
and preserved in a 3.8 L zip-lock bag to help prevent wiltirtg iirwas used. 3) Exposed
vascular tissue in the scion and rootstock hypocotyl was tieed together as precisely as
possible to maximize the contact region between the two anubdiately secured with a
spring loaded clip to finalize the grafting procedure (Syng&#eds Inc., Boise, ID). 4)
Using a sterile blade, the rootstock was then excised beloveitHae, and 5) stuck in new
soil media for re-rooting.

Grafting Experiment

The night prior to grafting, 10 flats (at the first true leaf) ofdhiginal 30 of both the
rootstock (72 cell count) and scion (128 cell count) material wkxeed inside the head
house with approx. room temperature at 23°C. This was done to promaieshe of the
stomata prior to grafting to minimize wilting. One flabrih each (scion and rootstock) was
randomly selected and set aside for plant growth analWithin this flat, plants were
randomly divided into ten plant subsamples with five replicationsileNkeeping the plants

intact, relative chlorophyll content for each of the 10 plant @wipées was individually

26



measured of the cotyledon and leaf (if present) using ther@itlyll Meter SPAD-502
(Minolta Inc., Ramsey, NJ). Each value measured by the SPABr roetresponds to the
amount of chlorophyll present in the plant tissue being meas@neel.reading was taken
from each tissue of interest. These values are calcul@sdd on the amount of light
transmitted by the leaf in two wavelength (red and infraregipns in which the absorbance
of chlorophyll is different.

These same subsamples were then severed from the roots ail {iree sand then
further divided into cotyledons, leaves, and hypocotyls for leaf mme@surements of the
vegetative tissue using a LI-3100 area meter (Li-Cor, Inogdln, NB). Hypocotyl diameter
and length were recorded using a digimatic caliper (Mitutoyo CorpgrauiL).

A second flat of pre-grafting plants were used for carbohydrate analysiss&aple
consisted of a subsample of ten plants that was repliiagetimes. Samples were taken at
random within each subsample and were partitioned accordinge ttedlres, cotyledons,
hypocotyl, and roots. The hypocotyls were severed from the rodis atedia surface line.
The hypocotyl, cotyledons and leaf were partitioned and placed incflestL size freezer
bags and immediately stored in the -80°C ULT 1786 Revco frd&ssrdro Laboratory
Products, Asheville, NC) for preservation. Roots were then harsthedaby first gently
rinsing of the bulk soil in a sink. The roots were then placed omstom made box sieve,
made from 3.2 mm stainless steel hardware cloth on a 60cm x 4@onh fwame, which
would allow small particles of soilless mix to wash through wkéeping the roots intact.
They were then sprayed using a fine mist spray nozzlefltawspray valve asm) (T&S
Brass, Simi Valley, CA) to remove the remaining debris thed stored in a zip-lock bag in

the -80°C freezer. The scion material tissue samples cahsibthe complete scion portion
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of the leaves, cotyledon and partial hypocotyl (used in graftithglill intact. These samples
were also placed in the -80°C freezer at the same time as thecka@mples.

The remaining eight flats were grafted using the “Cotyleflmvoid Method”.
Within those eight flats, four flats were grafted as expthipeeviously (excluding steps 4
and 5) and randomly placed in the healing chamber. The other four fletsilse grafted but
had the roots excised and repotted as a final step (Fig.5)stEpis was done by cutting the
hypocotyl just below the soil baseline using a sharp blade. Cutting below thiedassured
minimal root primordia would remain to help speed the rooting proteéssamount of root
primordia left varied with each excision. Seedlings were tleghanted in pre-moistened
soilless mix within a 72 cell tray and were randomly-placesitie the same healing chamber
as the other four. The custom made healing chamber wasdanaige the greenhouse and
was tunnel shaped to keep humidity in, while allowing sun lighe&gcir the plant leaves. It
was constructed using wire hoops on top of a rectangular wood box wiffolliheing
dimensions: width of 86 cm, a length of 300 cm, and a depth of 14 cmcdveging
consisted of 6mm thick clear polyethylene sheeting. The hoopsle/box top increased the
height 28 cm above the wood frame box. The humidity was maintainedthsif@7U-duct
mount centrifugal atomizer humidifier (Herrmidifier, Effingham, IL) dbed at one end of the
chamber, and was recorded in conjunction with the temperature hsingdtchdog model
100 water resistant button loggers (Spectrum Technologies, Rlainfield, IL).
Photosynthetic light was measured using the quantum light sésect{um Technologies,
Inc., Plainfield, IL). Temperatures inside the chamber variea 21.1°C to 35.6°C during
the night and day respectively. The relative humidity wasntaiaed close to 100%.
Seedlings were grown under low light intensity, with photosyntheticeaddiation (PAR) at

286 uM/m’s at noon. Low light reduced phototranspiration to prevent plaringvilEorty-
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eight hours after grafting, light intensity was increasedpproximately 90gM/ m’s PAR
by removing shade cloths. Humidity was gradually reduced dégrthree in the humidity
chamber

One day prior to healing completion and seven days post graftingfldtaimere
removed from the healing chamber, two from each treatment (eatls or without roots).
From each of these treatments, one flat was used to take additibeamples from the post-
grafted plants in preparation for carbohydrate analysis as dekbebare and the second was
used for plant growth analysis. This time plant tissue sssnpbnsisted of the leaves,
cotyledons, and hypocotyl from the scion, and the hypocotyl and root ¢émijefrom the
rootstock. Subsamples were taken in a destructive manner as, lmefiesisting of ten plants,
with five replications. The scion portion was severed from tredteg plants, and the
hypocotyl and vegetative portions were then separated and inetgditored in the -§C
freezer. The rootstock hypocotyl was cut off of the rootsrésent) for sub-sampling and
also stored in the -80 freezer. Available roots were then washed to remove soilless media as
the same manner as described before and then stored in ere&&er. The second tray
was used to measure leaf/organ area and chlorophyll meastseneen the cotyledons and
leaves.

Eight days after grafting, the remaining four trays of tpéargs, were then removed
first thing in the morning from the healing chamber and plaaadamly on the greenhouse
benches and watered to saturation with 100 ppm fertilizer treawhe® (N)-5 (BO2)-15
(K20). Grafting clips were removed nine days after graftingaftGsurvival was then
evaluated and recorded using the subjective rating systemenlith Table 1, eleven days
after healing completion. Plants were evaluated and scorezhdieg on the degree of

survival of each plant. Rating score ranged between 1-10, witlb&ing completely dead,
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and 10 being very alive. Values in between the range indicatatlvee survival or
desiccation.

Grafting and plant analysis for the second and third RLNS $trohg Tosa’
rootstock took place at a later date (Tablea@) was performed in the same manner as
described for the first leaf. Additionally, ‘Emphasis’, ‘Ojakky and ‘Tri-X 313'were
subsequently individually grafted, evaluated, and prepared for cahatbyanalysis at each
RLNS (&, 2, and %) using a different time table but using the same method as wa
described for the ‘Strong Tosa’ rootstock (Table 2).

Carbohydrate Analysis

Plant subsamples, consisting of plant tissue from 10 plawcts were removed from
the -80°C freezer and immediately freeze dried using asv@rnesis 25EL freeze dryer (FP
Industries, Gardiner, NY) for approximately 7 days until compjetel. All subsamples
were then ground, before proceeding to the carbohydrate extractionthesiAgl Basic S1
Analytical Mill with the A 11.1 SS grinding blade (IKA Workkc., Wilmington, NC) and
placed into 20 ml vials and re-stored in a -20 °C (8.8 cu. Ft Chestdt Frigidaire,
Martinez, GA) to prevent carbohydrate and tissue disintegralThe dry weight for each
composited 10 plant sample was recorded.

For each sample, fifty mg (@3mg) of dried plant tissue was weighed using the
Analytic Sartorius Weigh Balance (Brinkmann Instruments,., I'Westbury, NY). All
extractions followed a methanol-chloroform-water extraction pobt(Miller and Langhans,
1989). Once carbohydrate extraction was complete, five ml of thievithame of extracted
carbohydrates was dispensed into five 1 ml micro-tubes in patepato remove methanol
from the extract. Samples were dehydrated for approx. four hous the Thermo Savant

SC100 SpeedVac Centrifugal Vacuum (Thermal Scientific, Nealt MA). Samples were
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then prepared for quantification by suspending the dried samplelrpure HO: 50ul of the
carbohydrate-ED solution was transferred into two wells each on a 96-viedl dottom
bacterial micro-plate (VWR International, LLC, Suwanee, GAjtal carbohydrates were
then further prepared using the phenol-sulfuric acid methodulda2005) and immediately
analyzed in the SpectraMax Plus 384, a high throughput micro plateogpetometer
(Molecular Devices, Sunnyvale, CA) for total carbohydrakesh micro-plate contained a
standard prepared from D- (-) Fructose (Life Sciences and Biochepftalouis, MO). The
standard consisted of the following concentrationsig®hl, 621g/ml, 100ug/ml, 15Qg/ml,
200pug/ml, and 25Qug /ml. This protocol gave us total carbohydrate concentratiornnvtil
sample based off of calorimetric reaction. Carbohydrates patr guigan were then calculated
based of the total dry weight of thelO plant composite sampte total carbohydrate
concentration measured.
Statistical Analysis

Data were analyzed using PROC GLM procedure of PC SAS (SA%ary, N.C.)
to determine the effects of rootstock, RLNS and root treatnmehtheeir interactions. If the F
test was significant &=0.05 and 0.01, the means were separated by L$D=a0.05 and
0.01. The relative importance of the rootstock, RLNS and roeattnbent factors and
uncontrolled error were determined by partitioning of the total susguares in the analysis
of variances (ANOVA) into main and interaction effects amgressing these individual
contributions to variation as a percentage of the total sum ofesyjtaarthe model. The value
of these percentages is that they become very useful indicat@empare which factors
contributed most variation to growth, quality and yield variabdstive to the other factors.

Significant differences will be referred in this thesis @ynas a decrease or increase if
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significant. Insignificant increases or decreases will mtmentioned unless stated as not
significant.

Once plants were grafted and put in the healing chamber xpgegimental design
was a complete randomized design. Data was then analyzed as a three sagtoiftie third
factor was rootstock treatments where roots were lefttimtiaexcised and re-rooted in fresh
media. ANOVA was performed on main effects (rootstock sciorf, $é@ge and root

treatment) and interactions using the GLIMMIX procedure (Table 11).
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1. Rootstock 2.

Figure 1. Tongue approach graft 1) the rootstock and 2) scion being cupi@péiscion and
rootstock; 4) complete removal of rootstock meristem; and 5) completeaknf scion
root. Picture provided by (Hassell et al., 2008).

, 3. 4,
1. ) ,
Rootstock% @
Scion Q \

Figure 2. One cotyledon graft 1) cut scion at an approximatar@fe; 2) remove apical
meristem and one cotyledon; 3) cut off cotyledon at an approximasngle; 4) attach
scion onto rootstock; and 5) secure the graft with a clip. Picture providg¢thbgell et
al., 2008).
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PTTT

Figure 3. Hole insertion grafting method 1) the scion is cut at approximatebn@@o sides
forming a point; 2) meristematic tissue is removed; 3) a hole for the sxbe fitted in is
drilled at a slant between the cotyledons and just through the hypocotylsiboto®)
the scion is aligned to fit snugly in the rootstock; and 5) it is then dgdéuserted into
the rootstock. Picture provided by (Hassell et al., 2008).

Rootstock

Figure 4. Side graft 1) the scion is cut at approximately 65° on two sidgeisdoa point; 2)
a simple slice is made through the rootstock hypocotyl; 3) the sptioerigorop open
using a toothpick or stick; 4) the scion is inserted into the rootstoclseuded with a
graft clip; and 5) the vegetative portion from the rootstock is cubgletv the
cotyledonsPicture provided by (Hassell et al., 2008).
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1. 2 3. 4. 3

cut below
4 cotyledon Ve

Rootstock
4

Figure 5. Cotyledon devoid grafting method 1) both cotyledons are cut framatistock
removing all meristematic tissue at an approximafas§le; 2) the scion is cut at an
approximate 650pposing slant to the rootstock; 3) the scion and rootstock wounded
regions are joined and secured with a clip; 4) the rootstock hypocotyfljisst below the
baseline; and 5) the grafted seedling is then planted in a new cedloilithedia.
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Table 1. Subjective qualitative rating scale to describe the comditithe grafted
transplants after healing and hardening occurred.

Rating Eoer?(;i?[?o?z Description Notes
Very poor 0 Dead Dead
poor 1 Alive but survival Almost dead
2 highly unlikely Moderating between surviving or not
3 Borderline but will probably die
Poor to fair 4 Will survive but be Severely stunted
5 slowed and stunted  moderately stunted
6 Somewhat stunted
Fair 7 Survive but growth Fair but not acceptable
8 less than optimal Borderline acceptable
Good 9 Satisfactory or Good and acceptable but not the best
acceptable, survival, Acceptable
growth and vigor
Superb 10 Impressive and Optimal results

optimal growth, vigor
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Table 2. Scheduled dates when each rootstock, scion and leaf number (RirSgeded and
treatment data recorded.

Rootstock Rootstock  Scion Data Collection
Rootstock RLNS planting planting
typez dates dates AY B*

Strong Tosa C.mo.x C.ma. 1 20-Oct 17-Oct 30-Oct 8-Nov
2 20-Oct 17-Oct 4-Nov 13-Nov
3 20-Oct 17-Oct 10-Nov 19-Nov
Emphasis  L.s. 1 17-Nov 18-Nov 2-Dec 11-Dec
2 17-Nov 18-Nov 5-Dec 14-Dec
3 17-Nov 18-Nov 11-Dec 20-Dec
Ojakkyo C.IVar.c. 1 8-Feb 6-Feb 17-Feb  24-Feb
2 6-Feb 3-Feb 19-Feb 26-Feb
3 8-Feb 6-Feb 27-Feb 6-Mar
Tri-X 313  C.l. Var.l(3x) 1 4-Mar 4-Mar 16-Mar  23-Mar
2 4-Mar 4-Mar 19-Mar 28-Mar
3 4-Mar 4-Mar 25-Mar 1-Apr

*Type is C.mo x C.ma.€ucurbita moschata Cucurbita maximal_.s. = Lagenaria sicerariaC.l Var.c=Citrullus lanatus

Var. Citroides,C.1 Var. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

YA includes dates consist of when area measurements and carbohydratiprepsdor to grafting.

B includes dates consist of when area measurements and carbohydrateigneparatrecorded after seven days in the healing chamber.
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RESULTSAND DISCUSSION
Aerial Growth ResultsPrior to Grafting

The ANOVA for aerial growth indicated that rootstock genotyperatdted with
RLNS for hypocotyl, cotyledon and leaf variables (Table 3). Evesugh there were
interactions, the amount of variation assigned to the main effagesd among each aerial
growth factor. The main effects of rootstock and RLNS werdlainvith the hypocotyl
length, diameter and area. Rootstock main effect accounted dsir oh the variation in
cotyledon area yet RLNS main effect accounted for most ofati@mi in color. RLNS
accounted for most of variation in leaf area and leaf coloe. Aypocotyl length and area,
cotyledon area and color, and leaf area and color had low edtwsvindicating the model
accounted for most of uncontrolled error. Hypocotyl diameter had dategt error value;
even though the coefficient of variation was low. The hypocotyl length &ad and leaf area
had the greatest coefficients of variation then otherakbes. The hypocotyl diameter,
cotyledon area and color and leaf color all had low coefficiehtgariances, indicating a
better degree of precision.

Rootstock genotype interacted with RLNS affecting all pedtong aerial growth
variables (Table 4). Rootstocks will be referred to simply byul§var name. Hypocotyl
length, total area, and leaf area of ‘Strong Tosa' inctease each RLNS increased.
Hypocotyl diameter as well as the cotyledon area remaimeitbsiat the first and second
RLNS, but increased at the third RLNS. Rootstock cotyledon aidareased as RLNS
increased from first to third RLNS. The leaf color decrdasem the second RLNS to the
third RLNS. ‘Emphasis’ hypocotyl diameter, hypocotyl area anddesd increased at each
RLNS. Hypocotyl length and cotyledon area were similar atiteedhd second RLNS, but

increased at the third RLNS; however, the cotyledon color remaingftanged for the first
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and second RLNS and decreased at the third RLNS. The leaf adarmaffected by RLNS.
Hypocotyl length, diameter, and total area, and leaf area jakk@o’ increased as RLNS
increased. The cotyledon color decreased as each RLNS #&ttreBise cotyledon area
increased from the first to the second RLNS and then leveidd.eaained unchanged at the
third RLNS. Leaf color increased from the second to the RiNS. With the ‘Tri-X 313,
the hypocotyl diameter, leaf area and leaf color increaseldL&ES increased, however,
cotyledon color decreased. The hypocotyl length remained unaffdoyedRLNS.
Subsequently, the total area of the hypocotyl remained the saheefast and second RLNS
but increased at the third. The cotyledon area were fully oesdlonce they reached the
second RLNS and leveled without any further increases ahitte RLNS. The leaf color
increased from the second to the third RLNS. Not only did RafMi&:t rootstock genotype,
but scion hypocotyl, cotyledon and leaf also showed similar effects.

With scion ‘Tri-X 313’, RLNS main effect accounted for the andy of variation in
the hypocotyl, cotyledon and leaf aerial growth and cotyledon anaddé&af (Table 5). The
hypocotyl diameter, hypocotyl area and cotyledon area had the sgraagxplained error
values. Scion plant growth factors, hypocotyl area and leafreé the greatest coefficients
of variation values. All other error and coefficients ofiaton values were considered
minimal. The scion ‘Tri-313’, which was also a rootstock cultiveyeloped in a similar
manner (Table 6). The hypocotyl length, hypocotyl area, and leafirmcesased as each
RLNS increased however, this did not occur when used as a roofStazlexplanation for
this difference is as follows: these plants were grown smaller tray size with half the
surface area; therefore, the hypocotyl continued to stretch tpeterfor enough sunlight for
growth. The cotyledon color decreased with each RLNS increase.cdtyledon area

increased up to the second RLNS and remained unchanged at tHelLtNiBd There was no
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difference in the leaf color at the second and third RLNS. hedfcotyledon chlorophyll
color readings varied among the first, second and third RLNIScjah material appeared to
be healthy at the time of grafting). The average SPAD vakmsrded represents a healthy
value at each respective first, second, and third RLNS. Readings below 20u8R£\Ean be
considered very low in chlorophyll color and in poor health.

Carbohydrate Tissue Concentration Prior to Grafting

The carbohydrate ANOVA indicated that rootstock genotype intefagtith RLNS
for rootstock cotyledon, hypocotyl, leaf and root tissues, but not with sEibK 313’ tissue
(Table 7). Additionally, the amount of variation accounted by the mfiects varied among
the carbohydrate growth variables. The majority of variation opodégtyl and root
carbohydrates was attributed to the main effect of rootstamkever, RLNS greatly affected
leaf carbohydrates. Scion carbohydrates were only affected by laotheffects of rootstock
and RLNS. The rootstock cotyledon, hypocotyl, and roots possessed gvelt Of
unexplained error; however, the hypocotyl coefficients of varimrese quite low. Rootstock
leaf carbohydrates had the greatest level of unexplained eratlr Biootstock leaf error was
low, with a high coefficient of variation.

Rootstock genotype interacted with rootstock RLNS treatmadicating that
rootstock genotype developed differently at each of the pfeedr&®LNS (Table 8). The
carbohydrate concentrations in ‘Strong Tosa’ was unaffectetdebghtange in RLNS in the
cotyledon, hypocotyl, leaf or root tissues. ‘Emphasis’ cotyledobotegdrates decreased at
the third RLNS only. The carbohydrate concentration within the hyplpdeaf, and root
were similar by RLNS, identical effect as with ‘Strong &@osOjakkyo’ carbohydrate
concentrations decreased in the cotyledon from the first to tendeRLNS and stayed

stationary at the third RLNS. The hypocotyl and root carbohgdramcentrations decreased
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from the first to the second RLNS, but returned to the sameslegethe first RLNS. Leaf
tissue carbohydrate concentration increased from the second tar¢hRIENS. ‘Tri-X 313’
carbohydrate concentration in the cotyledon progressively alssuiefrom the first through
the third RLNS but the only significant decrease differemas from the first to the third
RLNS. The hypocotyl carbohydrate concentration was similaheagrst and second RLNS
and then increased at the third RLNS. Leaf carbohydrate coatiens were unaffected by
the change in RLNS. Root carbohydrate concentrations wereasiatilthe first and third
RLNS, but decreased at the second RLNS. The scion ‘Tri-313’ tatatl ghrbohydrates were
similar and greater at the first and third RLNS, but reduced at thad&LNS (Table 6).
Total Plant Organ Carbohydrates Prior to Grafting

The ANOVA for total carbohydrate per plant organ revealedrtwstock interacted
with RLNS for each of the plant organs (Table 9). Amount ofatiamn attributed to the main
effects varied among the plant organs. Both rootstock and Ridé8unted for the main
source of variation in the cotyledon, but the change in RLNS acabiot¢he main source
of variation in the hypocotyl, leaf and scion tissue. The rootstoclkever, was the main
source of variation in the root. The amount of unexplainedr emas very low, but the
coefficient of variation was slightly high for each of thesponse variables. Scion tissue
showed the greatest coefficient of variation.

Rootstock genotype interacted with rootstock RLNS treatmenicatmg that
rootstock genotype developed differently at each RLNS (THBJe'Strong Tosa’ increased
in total carbohydrates per sample at each increase in RLN® icotyledon, hypocotyl, leaf
and root organs. ‘Emphasis’ increased in carbohydrates at eaefase in RLNS in the
hypocotyl and roots, but increased only at the second RLNS amdhiegiunchanged at the

third RLNS in the cotyledon organ. The total carbohydrates in tfeidereased from the
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second to third RLNS. ‘Ojakkyo’ carbohydrates did not increasengt RLNS in the
cotyledon organ; however, a non-significant rise was obsetvedch RLNS. The hypocotyl
carbohydrates did increase at the second RLNS from the first RbN$emained unchanged
through the third RLNS. The leaf carbohydrates increased from the secoadiivdtRLNS.
The roots carbohydrates increased from the first RLNS througthitideRLNS. ‘Tri-X 313’
cotyledon carbohydrates increased at the third RLNS comparbkd fost, while the second
RLNS did not differ from either of the first or third RLNShe carbohydrates for the
hypocotyl increased at the third RLNS. The leaf carbohydratbsali increase at either
RLNS while the total carbohydrates in the root increaselesfirst through the third RLNS.
When using the ‘Tri-X 313’ as the scion material, total plant organ carbohydreteased at
the third RLNS (Table 6).
Aerial Growth and Carbohydrate Discussion Prior to Grafting

Each of the four rootstock’s aerial growth variables incibdsmm the first to the
third RLNS. The rootstock hypocotyl is of greatest interestbse it's the organ specifically
used in grafting. As the hypocotyl increased from the firshéthird RLNS, the length,
diameter, and area also increased. The carbohydrate analysaecde that hypocotyl
carbohydrates per gram of tissue did not increase dir@dtly any increase in RLNS.
However, calculations of sample dry weight with its respecatarbohydrate concentration
suggested that total carbohydrates within the plant organygmeateased from the first to
the third RLNS, due to the fact that the organ was larger-XT813' hypocotyl area
increased only at the third RLNS even though the diametegdsed with each increasing
RLNS. Apparently, indicating grafting should be delayed until the appee of the third

RLNS in order to allow the hypocotyl to fully develop before it is eedtior grafting.
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The rootstock hypocotyl may not be fully developed at the filsh®R At the
appearance of the first RLNS, the rapid developing seedtipgagied to be very tender more
than at the second or third RLNS suggesting the inferior stalatavelopment and a greater
dependency for photosynthates at this first RLNS stagéheAthird RLNS, leaf area greatly
increased, the hypocotyl should have decreased its need to gitus @dint to not compete
with the true leaves as a sink, during this critical growtange. The strength of the sink
dictates where the photosynthates accumulate Taiz and Zeggerafid Zeiger, 2006). If the
true leaf should grow rapidly before the hypocotyl is fully deped, the hypocotyl may not
be able to compete for photosynthates, which will impede itiyatn grow and support the
aerial tissues’ demand.

Aerial Growth After Grafting

Variation assigned to interactions and main effects differedng the scion aerial
growth variables (Table 11). Leaf area interacted withstook, RLNS and root treatment.
Of the three factors, RLNS accounted for most of the vanaf all factors. Leaf color also
exhibited a three way interaction with the source of variaiomst equivalent among the
rootstock, RLNS. The scion cotyledon area displayed three, two imtaractions; root
treatment by RLNS, rootstock by RLNS, rootstock by root treatrwith RLNS contributing
the greatest amount of variation. The scion cotyledon color ad@tihree way interaction
with RLNS contributing for most of the variation than the otlaetdrs. Grafting success, like
other variables, also had a three way interaction with RLESgaed the majority of
variation. In contrast to all variables, the scion leaf cololyledon area and color had the
greatest levels of unexplained error. The leaf color andimgafuccess coefficient of
variation were low but, scion leaf area, cotyledon area and aoloontrast had greater

coefficient of variation.
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Rootstock, RLNS and root treatment interacted, affecting smtytedon, scion leaf
and overall success of the graft (Table 12). Evaluating dmdyroots treatment intact,
rootstock cultivars interacted with RLNS on scion cotyledon color, scibedéar, scion leaf
area and grafting success. When grafted on ‘Strong Tosar) sotyledon and true leaf color
decreased at each RLNS while the scion leaf area incrabgedh RLNS. Grafting success
score increased with each RLNS and reached 8.4 by the thi& Rhighest level reached
with roots intact) judged by the criteria on Table 1. WEmphasis’, the scion cotyledon
color decreased at each RLNS; however, the scion leaf celoeaked only at the third
RLNS. The scion leaf area increased as RLNS increasedin@rsificcess score increased at
each RLNS and reached 9.8 by the third RLNS. The scion cotyledon afo'Ojakkyo’
decreased at each RLNS; however, the scion leaf coloas®uegrom the first to the second
RLNS and then slightly decreased at the third RLNS. The searafea increased with each
RLNS. The grafting success score increased from thdditbie second RLNS achieving 10,
and remained the same through the third RLNS. When grafted oiX ‘31i3’, the scion
cotyledon chlorophyll color decreased at each RLNS; however,ctbe kaf chlorophyll
color decreased from the first to the second RLNS and rethainehanged at the third
RLNS similar to the first RLNS. The scion leaf area inseshfrom the first to the second
RLNS and remained unchanged at the third RLNS. Grafting suscess increased only
from the second to the third RLNS and reached a final score of 9.5.

In evaluation of only root treatment excised, rootstock cultivatsracted with
RLNS affecting the scion cotyledon, scion leaf and overall sacokthe graft (Table 12).
When grafted on ‘Strong Tosa’, scion cotyledon color remained unchémgedhe first to
the second RLNS and decreased at the third RLNS while leafiacreased at each RLNS.

The scion leaf color increased from the first to the second RbiNSdecreased from the
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second to the third RLNS. Grafting success score increased fromsthe finie second RLNS
and remained unchanged at the third RLNS reaching its highest score of 8. EMphasis,
the scion cotyledon color decreased at each leaf stage while the scimreéemfcreased from
the first to the second RLNS and remained unchanged at the third RLN&idhdeaf color
remained unchanged from the first to the second RLNS but decreaties third RLNS
compared to the first RLNS. Grafting success score inedeaiseach of the three RLNS and
peaked at 98. With ‘Ojakkyo’, the scion cotyledon color decreasedddt leaf stage while
the scion leaf area increased at each RLNS. The scion leahcolever, decreased from the
first to the second RLNS and remained unchanged at the thikERThe grafting success
score increased from the first to the second RLNS reachiagd @en remained unchanged
through the third RLNS. When grafted on ‘Tri-X 313’ the catdge color remained
unchanged from the first to the second RLNS and decreased thirthdRLNS while the
scion leaf area increased from the first to the second RLN$iesutased at the third RLNS;
however, this decrease remained greater than the first RE&i&n leaf color decreased at
the third RLNS only. Grafting success score increased with BANS reaching 88 by the
third RLNS.

Rootstock cultivars interacted with RLNS, regardless of toestment, affecting
scion cotyledon area (Table 13). When grafted on rootstock, ‘S¥oeg’, ‘Emphasis’ or
‘Ojakkyo’ scion cotyledon area increased at the second RLNSemngined the same at the
third RLNS. ‘Tri-X 313’ also increased at the second RLNS, lammio ‘Strong Tosa’,
‘Emphasis’ and ‘Ojakkyo’, but decreased at the third RLNSoi®frTosa’ and ‘Emphasis’
had the greatest cotyledon area at both the second and thirfl RirNpared to ‘Ojakkyo’

and ‘Tri-X 313,
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Rootstock interacted with root treatment regardless of RLN8ctang scion
cotyledon area (Table 14). ‘Emphasis’ had the greatest scigledon area with roots left
intact. ‘Strong Tosa' and ‘Tri-X 313’ equally followed with j&kkyo’ having the smallest
cotyledon area of all rootstocks. ‘Strong Tosa' and ‘Emphasisinscotyledon had the
largest scion cotyledon area when roots were excised. Whigedgoa ‘Ojakkyo’ and “Tri-X
313’, the scion cotyledon area decreased equally having the greéss of the four
rootstocks. ‘Emphasis’ and ‘Tri-X 313’ decreased in scion cotyledea w&ith roots excised.
‘Strong Tosa’' and ‘Ojakkyo’ remained unchanged regardless to root ématm

RLNS interacted with root treatment regardless of rootstodkctaig scion
cotyledon area (Table 15). After grafting, the scion cotyledoa en&reased at the second
RLNS without further increase at the third RLNS withteoleft intact. With roots excised,
the scion cotyledon area also increased at the second RLNSviurther increase at the
third RLNS. The third RLNS decreased in area when roots @ersed versus intact. The
scion cotyledon area appeared greatest at second RLNSowithleft intact or at the third
RLNS with roots excised.

Carbohydrate Tissue Concentration After Grafting

The ANOVA from the carbohydrate concentrations confirmed thatreetway
rootstock by RLNS by root treatment interaction existedttierrootstock hypocotyl and in
the scion hypocotyl (Table 11). With the rootstock hypocotyl intemagctioot treatment and
RLNS main effects were similar in amount of variation eeatitributed. The root treatment
effect contributed the majority of variation in the sclyypocotyl. The rootstock by RLNS
interaction affected rootstock roots, with RLNS contributirastrof the variation. The scion
cotyledon and leaf had three two-way interactions of rootstockUYSRrootstock by root

treatment and RLNS by root treatment. The variation in scityledmn rootstock by RLNS
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interaction dominated over the other two interactions with dbéstock as the major source
of variation. The rootstock by root treatment interaction contbuost of the variation to
scion leaf carbohydrates with rootstock being the more dominaatt.efthe rootstock roots,
rootstock hypocotyl, scion cotyledon, scion hypocotyl and scion leathlasi, all possessed
very large amount of unexplained error. The rootstock roots and hypbooh had larger
coefficient of variation but scion cotyledon, hypocotyl and lkad smaller coefficient of
variation, indicating greater precision in predicting a response.

Carbohydrate analysis from the post-graft seedling matesplaged a three way
rootstock by RLNS by root treatment interaction with rootstaxks, rootstock hypocotyl,
and scion hypocotyl (Table 16). With rootstock roots left intemdfstock interacted with
RLNS development for rootstock roots, rootstock hypocotyl, and scion hyhoddte
rootstock roots and rootstock hypocotyl from grafted ‘Strong Tinseeased in carbohydrate
concentration from the second to the third RLNS. Carbohydrateseingrdfted scion
hypocotyl portion decreased from the first RLNS to the second, but¢hened to the same
level at the third RLNS as in the first RLNS. Similar ‘Strong Tosa' and ‘Emphasis’
rootstock roots and hypocotyl carbohydrates increased only at tite RhNS. The
carbohydrate concentration in the ‘Emphasis’ rootstock grafteah hypocotyl remained
unchanged at any of the three RLNS. Carbohydrate concentratioBgakkyo’ roots and
scion hypocotyl increased at the second RLNS, and remained unchanigedhard RLNS.
‘Ojakkyo’ root carbohydrate levels were lower at the third\lSLcompared to ‘Strong Tosa’
and ‘Emphasis’ root carbohydrate levels. ‘Ojakkyo’ rootstock hypbcoarbohydrates
increased at the third RLNS compared to the first, but wagliffetent from the second
RLNS. The roots from grafted ‘Tri-X 313’ progressively inceshén carbohydrates at each

of the three RLNS. At the first and second RLNS, ‘Tri-X 3186tstock roots had the
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greatest carbohydrate levels than the other rootstocks aathe RLNS. The third RLNS
root carbohydrate levels were similar to levels found in ‘Stfbosg’ and ‘Emphasis’ third
RLNS roots. The rootstock hypocotyl and scion hypocotyl remained unach#émgeigh the
all three RLNS for ‘Tri-X 313".

With rootstock roots excised, RLNS and rootstocks interacteegcteff rootstock
and scion hypocotyl carbohydrates (Table 16). Rootstock rootsalueemt after having been
excised prior to healing. ‘Strong Tosa’ rootstock and scion hyplosotuble carbohydrate
concentration did not differ at any of the RLNS. ‘Emphasis’ hgpdcincreased in
carbohydrates at the third leaf only compared to the first and second RLNS. fibe gren
cotyledon displayed no increase at any RLNS but remainge &rd unchanged through the
third RLNS. For ‘Ojakkyo’, the carbohydrates in the rootstock ameohshypocotyl did not
differ at any of the three RLNS. ‘Tri-X 313’ hypocotyl increasedarbohydrates at the third
RLNS in contrast to the first and second RLNS. The scion hypoa@ty not at the three
RLNS.

Rootstock hypocotyls maintained greater levels of carbohydratentrations when
roots were excised versus left intact during healing (Tabje ‘B8&ong Tosa’' hypocotyl
decreased over seven-fold in carbohydrate concentration with indatt at the first RLNS.
At both the second and third RLNS, hypocotyl carbohydrate concentraimneased over
three-fold with roots intact. ‘Emphasis’ decreased over tfolee in carbohydrate
concentration at the first and second leaf with roots intachdditomparable concentrations
at the third leaf with roots intact versus excised. With restssed, ‘Ojakkyo’ hypocotyl
maintained over three-fold greater carbohydrate concentratidhe first RLNS. At both the
second and third RLNS, carbohydrate concentrations decreased avildwvith roots

intact. “Tri-X 313’ hypocotyl did not differ in carbohydrate concetdra at the first and
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second RLNS with roots excised over left intact. At thedtRENS, the rootstock hypocotyl
decreased slightly in carbohydrate concentration at the tHiNISRwith roots intact. The
scion hypocotyl had similar carbohydrate concentration with roots lafitiot excised for all
rootstocks.

Rootstock interacted with RLNS (pooled over root treatmafiecting the grafted
scion cotyledon and leaf soluble carbohydrate concentrationle(TE®). ‘Strong Tosa’
rootstock’s scion cotyledon carbohydrate concentration decreaslkd second RLNS only,
but increased at the third RLNS similar to the first RLNEBmphasis’ rootstock’s scion
cotyledon carbohydrate concentration increased at the third RaMBaced to the first. The
second RLNS did not differ from the first or third RLNS. ‘G450’ rootstock’s scion
cotyledon carbohydrate concentration was similar at the first sswbnd RLNS, but
decreased at the third RLNS. ‘Tri-X 313’ rootstock’s cotyledamaaydrates did not differ
at any of the three RLNS. The scion leaf carbohydrate coatiemtremained unchanged for
‘Strong Tosa’, ‘Emphasis’, and ‘Tri-X 313’; however, ‘Ojakkyo’ rootdtsc scion leaf
carbohydrate concentration increased from the first to the seatmulit further increase in
the third RLNS.

Rootstock also interacted with root treatment affecting ti@nsmtyledon and leaf
carbohydrate concentration regardless of RLNS (Table 1#pn'@ Tosa’, ‘Emphasis’, and
‘Tri-X 313’ rootstock’s scion leaf carbohydrate concentrationrditidiffer whether roots left
intact or excised. ‘Ojakkyo’ rootstock’s scion leaf concemratvas lower in contrast to the
three other rootstock cultivars when roots were left inEaatising the roots, though, showed
greater carbohydrates present that were equivalent to threrothstocks concentration. With
roots left intact, the scion cotyledon carbohydrate concentrapippaaed to be greatest with

‘Emphasis’. ‘Strong Tosa’ and ‘Tri-X 313’ cotyledon carbohydratessvewer compared to
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‘Emphasis’ when roots were left intact. ‘Ojakkyo’ had the lowsston cotyledon
carbohydrate concentration among the rootstocks with rootsitaftti However, with roots
excised, both ‘Emphasis’ and ‘Tri-X 313’ had the greatest amountcioh scotyledon
carbohydrate concentration. ‘Strong Tosa' and ‘Ojakkyo’ also dradt scion cotyledon
concentration values, but both had lower carbohydrate concentcatigpared to ‘Emphasis’
and ‘Tri-X 313",

RLNS also interacted with root treatment in the scion cdbne and leaf
carbohydrate concentration regardless of rootstock (Table h8)sdion leaf carbohydrates
had the lowest concentration at the first RLNS with raattsct. The second and third RLNS
increased in carbohydrate concentration compared to the first RuN$id not differ from
one another. When roots were excised both the first and third RLNSheatbwest
concentration; however, these concentrations were greatemthen roots were left intact.
The second RLNS had the greatest amount of carbohydrate concentratidid not differ
from the third RLNS. The scion cotyledon carbohydrate concentratiamotldiffer at any of
the three RLNS with roots left intact. With roots excisém, first RLNS had the greatest
amount of carbohydrates and was also greater than when roots geimgace At the second
RLNS the carbohydrate concentration decreased, and did not fadferthe third RLNS
which also did not differ from the first RLNS.

Total Plant Organ Carbohydrate After Grafting

The interaction of greatest interest in the ANOVA footstock hypocotyl plant
organ carbohydrates after grafting was a three-way interacfirootstock by RLNS by root
treatment (Table 19). The RLNS main affect contributed tkatgst portion of variation for
the hypocotyl carbohydrates. Rootstock interacted with RLNStaffecarbohydrates in the

rootstock roots, scion cotyledon, scion hypocotyl and scion leaf; nemdtrient had no effect
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on these variables. The RLNS effect contributed the mosttiearito carbohydrates in
rootstock roots and scion hypocotyl. Rootstock and RLNS both affectestithre cotyledon
and scion leaf variation apparently similarly. All variableootstock and scion organ types
have small uncontrolled and unexplained errors, and small coefficiievasiance, indicating
precision.

Root and hypocotyl total organ carbohydrate levels varied wittstamk genotype,
RLNS and root treatment (Table 20). ‘Strong Tosa’ and ‘Emphasisstock roots increased
in total carbohydrates per plant organ at the third RLNS onlyQJjakkyo’ and ‘Tri-X 313’
rootstock root organ incrementally increased in total carbalwslrat each of the three
RLNS. When grafted with the root intact, ‘Strong Tosa’, ‘Empha%gakkyo’ and ‘Tri-X
313’ hypocotyl total carbohydrates per plant organ all increasthe shird RLNS only. With
roots excised, ‘Strong Tosa’ increased in hypocotyl organ carbohy@tagssh change in
RLNS. ‘Emphasis’, ‘Ojakkyo’ and ‘Tri-X 313’ however, had no increaséypocotyl total
organ carbohydrates until the third RLNS.

When comparing across root treatment, in general, rootstock hypocotyl carltesydra
decreased between 2 and 9x when roots were left intact, but difteménces appeared to be
significant (Table 20). ‘Strong Tosa’' hypocotyl carbohydratesedesed over 8x with roots
intact but at a lower rate than the second and third RLNS notdts excised at the first
RLNS. At the second RLNS the carbohydrates per plant hypocotgh @geatly decreased
over 16x with roots intact, but at the third RLNS the carbohydpseplant hypocotyl organ
decreased more than 2x. This difference was much greaternin&@x tdecrease at the first
RLNS. ‘Emphasis’ had more than a 16x decrease in the carbolsy/geteplant hypocotyl
organ at the first RLNS and more than a 22x decrease at¢hadsRLNS with roots intact.

At the third RLNS, the carbohydrates per plant hypocotyl orgamedsed just over 2x.
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‘Ojakkyo decreased over 9x in carbohydrates per plant hypocajghaat the first RLNS
with roots intact and displayed more than a 3x decrease aetond RLNS but was not
significant. At the third RLNS, the carbohydrates per plant hygboogan decreased over
3x with roots intact. ‘Tri-X 313’ showed no difference in carbohyekgier plant hypocotyl
organ at the first or second RLNS whether intact or exc@ay. the third RLNS decreased
over 2x in carbohydrates per plant hypocotyl organ with intact roots.

Rootstock genotype interacted with RLNS among the scion aertaloalrates per
organ variables when pooled over root treatment (Table 21). ‘Strosg &nd ‘Emphasis’
increased in scion cotyledon, hypocotyl and leaf at each increéR&iNg. When grafted on
‘Ojakkyo’, however, only the scion hypocotyl increased at €&ldNS without any change to
the scion cotyledon and leaf total sample carbohydrates at amy BLNS. When grafted on
‘Tri-X 313’, scion cotyledon decreased in total sample carbohgsirat the second RLNS
compared to the first RLNS, and remained unchanged through the thit8 ®irsus the first
RLNS. The scion leaf carbohydrates remained unchanged from the first tadhRLNS.

Grafting Success

In order for grafting to be successful, success rates neezht¢b a rating of 9 or
above (personal communication, Jim McConnell, Syngenta Seeds Inc.) scathen Table
1. Grafting success scores interacted with rootstocks, RiidiSroot treatment (Table 11).
When comparing across root treatments, cultivars at the RIBIS responded differently
when the rootstock roots were left intact or excised pribeetding (Table 12). ‘Strong Tosa’
grafting success did not differ at the first or third RLNShwioots left intact compared to
roots excised. At the second RLNS, grafting success increas@9%ywhen roots were
excised. At the first RLNS, ‘Emphasis’ grafting successeiased 30% with roots excised

rather than with roots left intact without any improvementhat $econd and third RLNS.
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‘Ojakkyo’ was not influenced by root treatment at any RLNSi-X 313’ did not react
favorably to root excision prior to healing. At the first andos®l RLNS, grafting success
dropped over 75% and 66% respectively when roots were excisethe Ahird RLNS,
however, grafting success rate dropped only 6% when roots were excised.

The main reason for excising the roots prior to healing, wasllwv for
mechanization, reduce greenhouse space and facilitate conlipaticia that would
potentially lower grafting costs. In order to add this roottineat (roots excised), all
rootstocks must be able to be adapted. However, it was apgdsserath rootstock reacted
differently at each RLNS. Even though this reaction was meya at the grafting success
desired (at least 9), it still gave us a guidelines timviol ‘Strong Tosa’ reached the critical
RLNS for root removal at the second RLNS, but this increasenetienough to reach the
critical score of 9. With ‘Emphasis’ the third RLNS is icél to reach the score of 9 and the
removal of the existing root didn't impair this success ratehWbjakkyo’, the second
RLNS was critical to reaching the score of 9 and the removal of thengxisots also did not
impair the success rate. ‘Tri-X 313’ reacted negatively dot rexcision; however, this
reaction was greatly diminished as the rootstock grew fhanfitst to the third RLNS. Once
the third RLNS had been reached grafting success had reachexssfuldevel and existing
roots could be removed with no significant detrimental effect.

Relationship between Hypocotyl Carbohydrates and Grafting Success

Rootstock hypocotyl total carbohydrates and grafting successhatrieach RLNS,
and there was an apparent relationship between total carbohydrdtesootstock hypocotyl
and grafting success scores at each RLNS depending on rodfsigck). ‘Strong Tosa’
rootstock hypocotyl had 105.04 pg total carbohydrates at the firSiSRind a grafting

success score of a low 1.5 (roots intact) and 0.8 (roots exdmeayer, total carbohydrates
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levels increased nearly 5x (504.13 ug) at the second RLNS artihgyraficcess score
increased by 4x (6) and 10x (8.3) when roots were left intact aseglkaespectively. Total
carbohydrates further increased 1.3x (643.23 pg) in the rootstock hylpiootythe 2° to
the 3 RLNS with grafting success increased by 1.4x (8.4) and 1.1x (8.9) with rddtedet
versus excised, respectively. The relationship between tathabltydrates and the grafting
score appeared strong at all three RNLS.

‘Emphasis’ hypocotyl increased in carbohydrates at each RON&I hypocotyl
carbohydrates was 260.75 pg at the first RLNS when graftingess was about 3.9 and
considered very low (roots intact) and 5.1 (roots excised); howtal carbohydrate levels
increased 1.3x (349.43 pg) at the second RLNS where grafting sscoessincreased by
2.2x (8.5) and 1.7x (8.4) when roots were left intact or excised atbsglg. Total
carbohydrates further increased 2.1x (728.39 pg) in the rootstock hylpwootythe 2° to
the 3 RLNS where as grafting success scores also increased by918pxand 1.2x (9.8)
with roots intact versus excised, respectively. The reldtipnisetween total carbohydrates
and the grafting score also appeared strong at'thad. 3rd RNLS but not as strong at tfi& 2
RLNS.

‘Ojakkyo’ hypocotyl increased in carbohydrates from the firgh®third RLNS but
not at the second RLNS. The hypocotyl had 56.12 pg total carbohydtates first RLNS
when grafting success score was also low being 5.8 (rootd)iatad 5.0 (roots excised);
however, total carbohydrates levels decreased 1.2 fold (45)4d ttee second RLNS where
grafting success score increased by 1.7x (10) and 2.0x (10) wbenwere left intact or
excised respectively. Total carbohydrates then increased 9.4x (428.71 thg rootstock

hypocotyl form the %' to the 3 RLNS where as grafting success scores remained the same
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with roots intact verse excised respectively. The relatiortsttiyween total carbohydrates and
the grafting score also appears strong at trendl 3rd RNLS but weak at th& RLNS.

‘Tri-X 313’ hypocotyl followed a similar carbohydrate levels ‘@jakkyo’ but did
increase at each RLNS. The hypocotyl had 51.27 ug total carbohydrabesfiist RLNS
when grafting success score was high 7.5 (roots intact) and lomwdt9éxcised); however,
total carbohydrates levels increased 1.3x (68.05 pg) to the secon8 Rbhbre grafting
success score increased by 1.1x (8.3) and 2.0x (3.7) when rootseften¢act or excised
respectively. Total carbohydrates then increased 5.6x (382.08 ug)rimotstock hypocotyl
form the 2° to the ¥ RLNS where as grafting success scores also increased by 1.1x (9.5) and
2.4x (8.8) with roots intact verse excised respectively. Thetiaethip between total
carbohydrates and the grafting score appears weak with rdats at any of the RLNS.
However the relationship appears strong when roots were excisethat@IRLNS.

Grafting Success Prediction Analysis

The goal was to determine the relationship between graffuggess and total
hypocotyl organ carbohydrates (Fig. 6) that predicts the carbohyénadls that coincide
with a grafting success score of 9. This information allgvesvers and researchers to know
the minimal level of carbohydrates necessary to achieve tabbepgrafting success.
Regression of grafting success scores with total hypocagihotarbohydrates predicted the
model that best explained the desired total hypocotyl organ cahtadey (Fig. 7). Each
rootstock cultivar followed a different pattern suggestindediit total carbohydrate levels
may be required for each rootstock to achieve the mininddigl igrafting success score of 9.
Values given by rvaried among rootstocks and whether their roots were exoiséeft
intact. Both ‘Strong Tosa’ and ‘Emphasis’ rootstocks had high and*faalues (0.90 and

0.70, respectively) regardless of whether the roots wetrenkeict or excised. ‘Tri-X 313’
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rootstock had a similar high value (0.92) when roots were excised Bulecreased when
they were left intact (0.59). ‘Ojakkyo’ had the lowes(0.21) of all rootstocks regardless of
root treatment.

The overall carbohydrate concentration and hypocotyl dry weightsalere also
individually regressed with grafting success (data not showvidetermine their status at 9
grafting success score. Table 22 summarizes the scaleebfolelrypocotyl carbohydrates,
carbohydrate concentration and dry weight that correspond toafieg success score of 9.
Overall, total carbohydrates in hypocotyl organ required to raastcess score of 9 varied
with rootstock but were minimally affected by root treain For example the carbohydrate
concentration (g/ml) among rootstock cultivar hypocotyls ranged between 2gtl and
308ug/mg at success score of 9 and reflected smaller differbetesen rootstocks than the
overall carbohydratesig) per whole hypocotyl organ. ‘Strong Tosa’ had the greatasunt
of hypocotyl carbohydratesu) and overall dry weight (g/hypocotyl) at time of grafting
among all rootstocks. ‘Emphasis’ had the second greatest amocantohydratesug) and
dry weight value per hypocotyl. ‘Ojakkyo’ possessed the small®eunt of carbohydrates
(ng) and dry weight per hypocotyl, which indicated a greater grafiimress with less
carbohydrates present. This could be attributed to ‘Ojakkyoingathe closest family
relationship with the scion than the ‘Strong Tosa’ and ‘Emphasstocks. The self graft
control ‘Tri-X 313’ had second to the smallest overall carbohysr@gy and dry weight per
hypocotyl. By negating the roots excision, the carbohydraty &nd dry weight per
hypocotyl are very close to the ‘Ojakkyo’ rootstock hypocotyl, alsd support the idea that
less carbohydratesid) and dry weight per hypocotyl are needed in obtaining the railyim
grafting success score of 9. Hypocotyls that possess morehgdrates are heavier. In

general, hypocotyl carbohydrate concentration remained simifam@ rootstocks and

56



overall dry weight accounted for the vast increase in tetdlahydrates per hypocotyl. The
hypocotyl weight and size affected the overall carbohydratesept and grafting success
even though the carbohydrate concentration tended to remain unchangextudyisuggests
that the size of the hypocotyl increases grafting success, nobyicreasing the diameter
as suggested by Oda et al. (1993) but also through an increased afreawhbhydratesug)
stored within the rootstock hypocotyl.

Aerial Growth and Carbohydrate Discussion After Grafting

Grafting success score increased as the rootstock andssadting matured from
the first to the third RLNS not only in response to an increasaheder but also from
increased carbohydrate levels present. The increase in hyplecoiyh, diameter and area at
each RLNS increased with grafting success score. Oda €19813) suggested that the
increased diameter also contributes to an increase in coagamn hetween vascular bundles
which increases grafting success. Although this may havellmate to an increased success
score, it does not stand alone since the cotyledon plays edanid vital role in grafted
seedling survival, being the main source or photosynthatehelfmare, ‘Strong Tosa’ had
the largest diameter out of the four rootstocks but did not tievgreatest grafting success
score, but to the contrary, had the lowest score among the ottstocks when grafted at
the second RLNS as opposed to the first. This indicates awlitfactors influenced and
contributed to the increased success such as carbohydrates.

Hypocotyl carbohydrates increased with overall size. The ineli@alsypocotyl area
at each increased RLNS also suggested that a larger estoapgcity is present in the
hypocotyl to store reserves. Carbohydrates per gram of hypoastyetdid not increase with
grafting success scores; however, the overall amount of dathbhydrates present in the

rootstock hypocotyl organ increased from the first to the third Ruhth grafting success
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scores (Fig. 6). This was true with few exceptions for muatistocks. As the carbohydrates
in the plant hypocotyl increased at each RLNS, so did gradtiegess scores at each RLNS
for ‘Strong Tosa’ and ‘Emphasis’.

In general, the root excised hypocotyl had greater amounts ofctstadhydrates
versus the hypocotyl with the root intact suggesting greateuats are needed during the
healing period to maintain the roots and heal the graft (TABlesmd 20). Removing the root
allows for mechanization and increased productivity at lowstscdMechanical equipment
that is used for the one cotyledon graft method currently extise root to facilitate the
grafting procedure, and can easily be adjusted to perform #fisfghe root can be removed
while maintaining grafting success score. If mechanizagomot available, growers should
consider not excising the roots but keeping the root intactt&neatrient reserves remained
present in the hypocotyl during healing with the removal of one nsapr (growing root
tips). This great depletion indicated that carbohydrates were codsdoring the healing
process and plays a major role in sustaining the graftedirsgee@lhother important point is
that the scion hypocotyl tissue had greater total carbohyldnagés at each RLNS than the
rootstock hypocotyl at each RLNS. This suggests perhaps, thatoaotncompatibility
could be restricting the translocation of carbohydrates to thatosc&t through the graft
union. Further research is necessary to determine if therpasgtiaular carbohydrate being
restricted or if there are many different carbohydrataagbeestricted or if fertility can
moderate carbohydrates and grafting success.

‘Ojakkyo’ did not follow the same carbohydrate and grafting suceess® trends as
‘Strong Tosa’ and ‘Emphasis’. At the first RLNS ‘Ojakkyo’ §inag success score was very
close to 5 when roots were left intact or excised, beingtbatest grafting success score

over all rootstocks of interest at that RLNS (Table 12)akkyo’ is the closest related
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rootstock to the scion material (besides the self graft @prand had the greatest grafting
success with the lowest amount of carbohydrates present amongodtstoaks.
Incompatibility between the rootstock and scion is expectduktiess with a closer related
scion and rootstock (Andrews and Marquez, 1993). This being the wasshould also
expect a greater success score in the scion self grafolcamtd lower carbohydrates present
to obtain realistic grafting success.

‘Tri-X 313’ hypocotyl carbohydrates followed a similar trend @gakkyo’, but not
grafting success score which resembled ‘Strong Tosa’ and ‘Emphemse similarly. At the
first RLNS ‘Tri-X 313’ grafting success score was theajest with roots left intact having
greatly decreased with roots excised. The hypocotyl carbohyékegtks Wwere low at the first
and second RLNS, but increased at the third RLNS. These ‘Tri-X @a8ed plants had a
lower root regeneration rate which showed a sensitive hypasstydting response (being a
triploid hybrid with flat stems) which also accounts for the lawafting success score with
roots excised. When roots were left present, the predietdxbhydratei(@/ hypocotyl) level
was similar to those that correspond to ‘Ojakkyo’.

Rootstock genotype reacted differently; however, planting days anegunt for
some of the differences. Each rootstock genotype was graftedaamgled in a different
month, from fall through spring. Light intensity was low and varied tdueloudy weather,
and shorter day length. This was done due to the limited greenBpase available, large
population size, and available man power to carry out the graftinge day to reduce the
amount of variation and potential introduced error. Future studieswaay to test if the
variation between rootstock genotypes was due in part to thigblea since light is the

contributing source of photosynthates. The decrease in carbohyelvats at the second
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RLNS for ‘Ojakkyo’ and ‘Tri-X 313’ does not sound reasonable and magireet error of
these environmental conditions.

The preferred rootstock genotype for commercial production is dependeravesrgr
needs and resources; the RLNS at which grafting should be perfisnaso rootstock
genotype dependant. Based on these findings and grafting scogesimimend that ‘Strong
Tosa’, and ‘Emphasis’ with scion ‘Tri-X 313’ seedlings be growthithird RLNS before
grafting (with roots left intact or excised) to maximizeafyjng success, and in order to
successfully eliminate rootstock re-growth using the “CadipteDevoid Method”. ‘Ojakkyo’
grafted with scion ‘Tri-X 313’ can be grafted as early as #u®isd RLNS to achieve optimal
results. The greatest grafting success rate of allvaudtiis achieved by grafting with
‘Ojakkyo’ which is the rootstock of preference for scoring 1Qhey second RLNS. It is the
overall weight and size that affected the carbohydrate leavdsoverall grafting success
sores. By allowing the hypocotyl to develop past the first RLNBddhird RLNS (rootstock
dependent), the overall weight and carbohydrate levels increasiédentlfy to achieve

realistic grafting success.
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CONCLUSIONS

In order for watermelon grafting to be successful in theddn&tates, the cost of the
transplants needs to be affordable to the grower. The aestssociated with labor both in
performing the graft and then in maintaining the transplant. Cuc@mninercial methods
being practiced throughout the world are both labor intensive and ¢ostigintain making
them inadequate for our needs in the U.S. Besides labor, by mitatlhg meristematic
tissue causes the rootstock to regenerate the original rdofstott causing possible scion
abortion or yield reduction if not removed. With the introductiorthef “Cotyledon Devoid
Method” as described in this thesis, all the above concemdd be eliminated, thus
reducing the costs of the transplant. Current automated equipaerite easily adapted to
perform this new method. By eliminating the need for at leastatyéedon, these automated
machines would not have to be constantly adjusted to removeajueity of meristematic
growth while maintaining at least one cotyledon, thus reducinig tosts as well. The
differences found in the rootstock and scion material beforeafiadgrafting, indicated that
the development of seedlings before grafting is critical e $uccess of the cotyledon
devoid graft method.

Before Grafting
Rootstock and scion types germinate and grow at a much different rates.

Seed emergence time varied among rootstock genotypes. Rootstook/pge
Cucurbita moschata Cucurbita maximacultivar Strong Tosa emerged the earliest followed
by Citrullus lanatus Var. Citroidesultivar Ojakkyo and finallj{Lagenaria sicerariacultivar
Emphasis. After emergence, the rate of development to thedsecw third RLNS also
varied between rootstock genotypes. ‘Strong Tosa' developed atsthstfeate followed by

‘Ojakkyo’ and finally ‘Emphasis’. Scheduling the planting timescoincide with RLNS
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development is necessary to maximize grafting success. Fuotgerseheduling the planting
times will also allow greenhouse space to be maximized by ololwiaf) the seedlings to
develop to the minimum number of days necessary to achievesymgaiing success. Scion
material (Triploid watermelon seed) needs to germinate amdgenuniformly; using strong
vigorous seed lots and the germination process developed by Has$&lkchulthies (2002)
will insure uniformity. Insuring that the rootstock and sciowed@p to the same stage of
growth prior to grafting is essential for grafting succeBsvising a germination and
developmental growth parameter recommendation that would encompagststocks is
impossible. However, knowing the germination and growth rates abf ehthe rootstock
genotypes and scion material is a first step to make this grafting mesiodess.

Rootstock and scion aerial growth at each leaf developmental stage proved to be

critical to grafting success.

Generally, the rootstock hypocotyl length, diameter, and areaosf cultivars and
scion material (scion cotyledon area and color and scionileaBased at each RLNS and
related to final grafting success. As the scion cotyledon aidalea increased at each leaf
stage of development, the grafting success score increaseellascion material quality
played a significant role in grafting success. ‘Tri-X 313’ fiyng success increased
significantly only at the 3rd leaf stage when roots wereisexl indicating that the scion
material may not be able to contribute nutritional reserves itirftas reached the third
RLNS. These results suggested that the more nutrientvesseccumulated in both the
rootstock and the scion, the better the chance of a succes$fuFgrther research is needed
to find methods to increase nutrient load within the rootstock arh snaterial prior to
grafting to insure constant success of the graft, such asohesynutrients, or environmental

manipulation.
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After Grafting
Rootstock rootsinfluenced total hypocotyl car bohydrate concentration.

When roots were excised, the rootstock hypocotyl maintained gieagds of total
carbohydrates than when roots were left intact at each ofntee RLNS regardless of
rootstock. This suggested that the roots required a large ambuatbohydrates as a sink
(Taiz and Zeiger, 2006) while remaining active once graftirgythken place. In addition to
the increasing carbohydrate levels at the three RLNS, hyposetyescence no longer
occurred at the second and third RLNS after healing which stegigesfficient nutrients
were present to maintain the root system and heal theagrdfese two RLNS. The overall
depletion in hypocotyl total carbohydrates before and after mgaftihen roots were left
intact versus excised at the three RLNS, demonstrated the stretiggtrobts as a sink. With
each increasing RLNS greater than the first RLNS, more cadbatey accumulated in the
hypocotyl so when grafting occurred, sufficient nutrients remaimetdhé hypocotyl to
maintain root activity and heal the graft.

Hypocotyl car bohydratesreservesincreased from thefirst tothethird RLNS.

Rootstock hypocotyls showed different levels of total carbolgdrat different
RLNS regardless of rootstocks roots being intact or excisedaliorcultivars. Total
carbohydrates per hypocotyl organ increased from the firstetdhird RLNS, suggesting a
relationship between carbohydrates and grafting success. Gee the hypocotyl, the more
carbohydrates accumulated and a greater success scoeehi@ged. Previous studies by
Asahina et al. (2002),0da et al. (1993), Traka-Mavrona et al. (28668yews and Marquez
(1993), and Shan-fa et al. (1996) have focused on and found that giltelli cytokinins
and auxins such as IBA, larger hypocotyl diameters (which isereascular contact region

between the rootstock and scion) increase grafting suddassstudy also relates the overall
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increase in weight of the hypocotyl from the first to the thild\NB increases overall
carbohydrates per hypocotyl and increases grafting succesth&vitbtyledon excised during
the grafting procedure. Further research is needed tahtegiredicted levels indicated to
confirm these results and next identify individual carbohydnatesent within the hypocotyl
organ to determine which is primarily important or are ¢harany carbohydrates that
influence grafting success.

Rootstock genotype reacted differently to roots excision or left intact at different

RLNS.

Grafting success was not only influenced by RLNS but also by oo&tsteatment
(rootstock dependent). The “Cotyledon Devoid Method” was mostessfid when
performed at the second or third RLNS to achieve the gregting success. RLNS was
the main determining factor in grafting success; howevertyélagment of excising rootstock
roots at each of the three RLNS did not decrease graftirigssicAlthough scion leaf area
was greater with roots present this difference was nblgigor most rootstocks. ‘Strong
Tosa’ increased in grafting success whether the rootstock weoes excised at the second
RLNS. ‘Ojakkyo’ and ‘Emphasistlid not differ in grafting success whether the roots were
left intact or excised. ‘Tri-X 313’ responded, however, just the dpesth the best grafting
success rate achieved when roots were left intact.

Delay of rootstock hypocotyl root regeneration occurred with reiffe rootstocks
which decreased plant survival. Hypocotyl root regeneration @xtatracceptable rates only
with ‘Strong Tosa’ and ‘Ojakkyo’. ‘Emphasi€xhibited a greater inability to re-root when
the roots were excised even though the nutrient reserves weate Bhis is further evidence
that rootstock genotypes responded independently of each other makifiguilt to make a

standard recommendation across all cultivars to eithee |83 rootstock roots intact or
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excised after grafting. The reason for less root regenerationkinown. Further research is
necessary to determine techniques to effectively stimulatengowith difficult rootstocks
such as rooting hormones, nutrient loads, and optimal rooting envirorfmanidity and
temperature). The next step in this research is use gredttlings using the “Cotyledon
Devoid Method” in a field study to examine how well they hold uprteironmental stresses

upon transplanting and also if crop yield is affected by the grafting procedure.
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Table 3. Sources of variatiom the analysis of variance (ANOVA) for aerial growth and chlordptotbr
index of four rootstocks at three different RUN#@fore grafting.

Percent of total sums of squares

Hypocotyl Cotyledon Leaf

Source of variation  Length Diameter Area Area Cblor Area Colof
Replication 0.66 0.95 0.50 0.23 0.54 0.01 0.06
Rootstock (RS) 31.27* 39.45** 25.94*  73.36** 6.25%* 18.98** 1.38**
RLNS 29.86** 12.18** 23.11**  14.50**  49.58** 41.24**  96.61**
RS * RLNS 30.02** 35.60** 45.66**  10.07**  40.25** 39.30** 1.57*
Error 8.20 11.83 4.79 1.84 3.38 0.48 0.37
Cv 12.03 8.56 16.36 7.75 3.69 13.68 5.11

" F values significant & = 0.01.

“The sum of squares for each factor in the ANOVA were converted toentege of the total sum of squares.
YRLNS is rootstock leaf number stage.

“Derived by SPAD measurements.
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Table 4. Two-way interaction of four rootstocks and three diffeR&NS’ at grafting on aerial growth and chlorophyll color index.

Hypocotyl Cotyledori Leaf
Rootstock Rootstock Length Diamete Aree Area Color Area  Color
cultivar genotyp’ RLNS' (mm)  (mm) (cr?) (cnf)  (SPAD)Y (cnf) (SPADY
Strong Tosa C.mo. x C.m. 39.3d 36tk 1.3¢ 18.21 73.5¢ 0.3f -
48.6c 3.3cc 15¢ 1951 51.4 e 42e 421a
73.7a 53¢ 4.3 ¢ 31.3¢ 36.9 58.7 ¢ 38.3b

27.4e 2.7 €l 0.7f 14.8cc 53.0td 06f  -—--
30.2e 3.4« 1.1¢ 15.4 ¢ 51.7 e 41e 36.0c
57.3b 3.1c¢ 1.8¢t 19.6t 46.8 ( 10.9 « 35.8¢c
29.0e 2.5f 0.6 ¢ 7.4e 54.11t 00f -
37.9d 28« 1.1¢ 13.4 ¢ 48.0 f¢ 6.5d 285e
555b 3.3ct 1.8t 14.4cc 50.7 d 135t 35.3c
282e 2.3¢ 0.7 fc 5.3f 53.7 ct 0.3f -
31.6e 2.8c¢ 0.8f 7.1e 49.6 e 29e 32.8d
33.2de 3.2 cc 1.1¢ 79e 3941t 95¢c 36.0c

Emphasis L.s.

Ojakkyo C.Ivar.c

Tri-X 313 C.I. Var.l(3xX

WNPFPWNREPWNREPLPWNPRE

’RLNS is rootstock leaf number stage.

YValues represent a mean of a ten plants replicated five times.

*Genotype is C.mo. x C.ma.Gucurbita moschata Cucurbita maximal...s. = Lagenaria sicerariaC.l Var.c = Citrullus
lanatus Var. CitroidesC.l Var. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

“The F'RLNS in this study is defined as seeing the first unexpanded true lea?*RLNS is defined as seeing the
fully expanded T true leaf and the unexpandél ue leaf. The 8 RLNS is defined as seeing th¥dnd 2¢ expanded
true leaves and the unexpand&ariie leaf.

YSPAD values are defined by Minolta as the relative amount of chloropbgkmtrin plant leaves; greater value means
greener.

“Means within columns followed by a different letter are significant by BS®= 0.05.
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Table 5. Sources of variatioim the analysis of variance (ANOVA) for scion aerial growth aridrophyll
color index at three different RLN®efore grafting.

Percent of total sums of squares

Hypocotyl Cotyledon Leaf
Source of variation  Length Diameter Area Area Color Area Colof
Replication 0.06 0.67 3.85 6.26 0.13 0.92 0.03
Rootstock (RS) 44.41 491 23.08 14.90 11.07 13.46 1.80
RLNS 28.40**  18.57* 38.94**  44.44**  38.64** 67.85**  96.95**
RS * RLNS 22.86 8.25 9.13 8.98 15.64 14.78 1.01
Error 4.27 67.60 25.00 25.42 4.97 2.99 0.21
Cv 6.65 10.68 17.51 7.92 3.34 18.81 3.87

*” F values significant & = 0.050r P = 0.01.

“The sum of squares for each factor in the ANOVA were converted toenpege of the total sum of
squares.

YRLNS is rootstock leaf number stage.

“Derived by SPAD measurements.
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Table 6. Main effect of RLN'gpooled over rootstocks) on sciaerial growth, chlorophyll color index, carbohydfatencentration
and total carbohydrates per scion organ before grafting initiation.

Hypocotyl’ CotyledoHi Leaf’
Scion Length  Dia. Area Area Color Area  Color CarbohydtateSarbohydratée's
cultivar RLNS' (mm) (mm) (cm) (cnf) (SPADJ (cnf) (SPADY (ng/g) (ng/scion)
Tri-X 313 1 336t 27b 0.7c 56b 535a 06c - 226.8 a 48.41b
2 43.7b 30a 12b 69a 485b 47b 338a 153.1b 67.60 b
3 48.3 a 31a 13a 6.5a 41.2c 104a 34.7a 212.7 a 169.92 a

’RLNS is rootstock leaf number stage.

YScion is defined as the grafted portion including the hypocotyl cotyledons,adnd le

*Carbohydrate is defined as the sum of major carbohydrates such as: frdotas®,gucrose, stachyose, galactose and raffinose.
“Values represent a mean of a forty plants replicated five times.

"Values represent a mean of two readings pooled forty plantsateplifive times.

“The F'RLNS in this study is defined as seeing the first unexpanded true le&*RIeNS is defined as seeing the fully

expanded 3true leaf and the unexpandel ue leaf. The 8 RLNS is defined as seeing th®dnd 2“ expanded true leaves

and the unexpanded &ue leaf.

'SPAD values are defined by Minolta as the relative amount of chloropkgimirin plant leaves; greater value means greener.
*Means within columns followed by a different letter are significant by BE®= 0.05.
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Table 7. Sources of variatiom the analysis of variance (ANOVA) for seedling total tissagohydratée
concentration for entire plant including the scion and rootstocks atdiffe®nt RLNS before grafting.

Percent of total sums of squares

Source of variation Cotyledon Hypocotyl Leaf Root Scion
Replications 10.81 2.29 0.38 7.28 0.67
Rootstock (RS) 22.06** 49.68** 8.89** 55.28** 31.92**
RLNS 16.26** 9.10** 79.12** 10.89** 23.11**
RS * RLNS 18.77* 9.43* 5.37** 13.70** 20.59
Error 32.10 29.51 6.24 12.84 23.71
Cv 20.43 9.64 23.46 11.00 19.51

" F values significant & = 0.050r P = 0.01.

“The sum of squares for each factor in the ANOVA were converted toentege of the total sum of squares.
YTotal carbohydrate is defined as the sum of sucrose, glucose and fructose.

*RLNS is rootstock leaf number stage.
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Table 8. Two-way interaction of four rootstocks and three diffeRéMNS at grafting on total tissue
carbohydratéconcentrations.

Rootstock Rootstock Cotyledon Hypocotyl Leaf Root
cultivar genotypé RLNS"  (ug/ml)” (ng/ml)” (ng/ml)” (ng/ml)”
Strong Tosa  C.mo. x C.ma. 1 280"8a 286.8b-e = - 270.9 a
2 284.1 a 290.7 a-d 253.3 ab 2758 a
3 276.3 a 278.6 c-f 279.7 a 282.5a
Emphasis L.s. 1 239.0 a-c 323.1a @ - 268.7 a
2 236.1 a-c 298.3 a-c 186.4 cd 265.1a
3 139.8d 316.2 ab 215.2 bc 278.8 a
Ojakkyo C.I Var.c. 1 280.1a 263.0dg - 258.8 a
2 130.2d 195.6 h 1028 e 127.7 c
3 186.2 cd 256.1 e-g 179.2 cd 1939b
Tri-X 313 C.l. Var.l(3x) 1 252.2 ab 2536fg - 202.4 b
2 209.0 bc 232.0¢g 164.5d 1419c
3 184.1 cd 267.5 c-f 174.8d 185.0b

*RLNS is rootstock leaf number stage.
YTotal carbohydrate is defined as the sum of major carbohydrates sttittase, glucose, sucrose, stachyose,

galactose and raffinose.

*Genotype is C.mo. x C.ma.Gucurbita moschata Cucurbita maximal..s. = Lagenaria sicerariaC.| Var.c =
Citrullus lanatus Var. CitroidesC.l Var. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

“The F'RLNS in this study is defined as seeing the first unexpanded true les#“RLNS is defined as seeing
the fully expandedsitrue leaf and the unexpandel ue leaf. The 8 RLNS is defined as seeing th&dnd 2°
expanded true leaves and the unexpantfad.@ leaf.

“Values represent a mean of two readings pooled from ten plalicsteg five times.

“Means within columns followed by a different letter are significant by B8P = 0.05.
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Table 9. Sources of variatioim the analysis of variance (ANOVA) for seedling total carbohgdrper
plant organ including the scion and rootstocks at three different RaiNfsafting.

Percent of total sums of squares

Source of variation Cotyledon Hypocotyl Leaf Root Scion
Replications 3.03 .40 0.05 1.53 1.07
Rootstock (RS) 43.03** 22.58** 15.45** 78.60** 39.74**
RLNS 46.96** 73.29** 82.93** 18.28** 55.69**
RS * RLNS 5.41** 3.52** 1.44** 0.99** 2.28**
Error 1.58 .20 0.13 0.59 1.23**
Cv 37.66 17.22 22.33 16.22 45.08

" F values significant & = 0.050r P = 0.01.

“The sum of squares for each factor in the ANOVA were converted tcenpage of the total sum of
squares.

YRLNS is rootstock leaf number stage.
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Table 10. Two-way interaction of four rootstocks and three differeNSRat grafting on total carbohydrates
per plant organ.

Rootstock Rootstock Cotyledon Hypocotyl Leaf Root
cultivar genotype RLNS"  (ug)’ (ng)’ (ng)’ (ng)’
Strong Tosa C.mo. x C.ma. 1 124.61c 105.04f - 248.57 e
2 230.29 b 504.13 c 67.36 d 338.40 cd
3 340.40 a 643.23 b 649.88 a 739.04 a
Emphasis L.s. 1 54.09 de 260.75e - 115.47 fg
2 200.39 b 349.43 d 103.41cd 348.32c
3 220.85b 728.39 a 532.33 b 583.64 b
Ojakkyo C.I Var.c. 1 65.27 c-e 56.12f - 71.25 gh
2 79.89 c-e 45.47 f 61.68 e 165.99 f
3 115.99 cd 428.71c 125.37 ¢ 293.73 c-e
Tri-X 313 C.l. Var.l(3x) 1 36.09 e 51.27f - 37.04 h
2 98.19 c-e 68.05 f 90.50 c-e  165.60 f
3 108.18 cd 382.08 d 116.39 ¢ 280.60 de

*RLNS is rootstock leaf number stage.

YTotal carbohydrate is defined as the sum of major carbohydrates stitlt@se, glucose, sucrose, stachyose,
galactose and raffinose.

*Genotype is C.mo. x C.ma.Gucurbita moschata Cucurbita maximal..s. = Lagenaria sicerariaC.| Var.c =
Citrullus lanatus Var. CitroidesC.l Var. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

“The F'RLNS in this study is defined as seeing the first unexpanded true les#“RLNS is defined as seeing
the fully expandedsitrue leaf and the unexpandel ue leaf. The 8 RLNS is defined as seeing th&dnd 2°
expanded true leaves and the unexpantfad.@ leaf.

"Values represent a mean of two readings pooled from ten plaritateglfive times.

“Means within columns followed by a different letter are significant by Bg° = 0.05.
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Table 11. Sources of variatioim the analysis of variance (ANOVA) for scion aerial growth arldrcoarbohydrateconcentration
and grafting success, seven days after grafting at three differ&8Rlith rootstock root treatmeht

Percent of total sums of squares

Scion aerial growth Carbohydrates
Leaf Cotyledon Rootstock Scion

Grafting
Source of variation  Area Color Area Colot Roots Hypocotyl  Cotyledon Hypocotyl Leaf success
Replication 0.19 0.38 2.27 0.03 295 0.62 4.42 11.34 4.94 0.14
Rootstock (RS) 11.02** 17.69** 10.53**  4.26**  1U6** 1.98* 28.72** 5.23 6.16*  12.44**
RLNS 61.04* 22.29** 34.69* 63.76**  46.60** 292** 0.92 1.41* 7.73 60.65**
RS * RLNS 16.48* 16.68**  5.28* 453  17.38** 8.56** 13.85** 12.20 2.47* 7.07**
Root treatment (RT)  4.05**  0.27 1.60* 282 - 28.48** 1.40 8.42* 4.12*  1.40**
RS *RT 1.92*  6.25*  0.69* 040 - 9.93** 8.24** 2.10 12.43** 8.53**
RLNS * RT 1.48**  1.96* 5.27%* 0.31 -— 1.37* 1.40* 2.60 0.32* 0.98**
RS * RLNS * RT 0.54* 14.31*  3.50 3.32* ---- 9.53** 2.80 6.45** 4.24 3.68*
Error 3.27 20.16 36.18 21.16 18. 13.66 89.5 50.25 57.60 5.11
Ccv 13.47 8.51 14.94 15.60 31.75 23.37 69.2 9.19 6.75 10.84

*” F values significant & = 0.05 orP = 0.01.

“The sum of squares for each factor in the ANOVA were converted toentege of the total sum of squares.

YTotal carbohydrate is defined as the sum of major carbohydrates sutlt@sd, glucose, sucrose, stachyose, galactose and raffinose.
*RLNS is rootstock leaf number stage.

“Root treatment consist of rootstock roots excised or intact followanftjrug.

"Derived by SPAD measurements.
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Table 12. Three-way interaction of four rootstocks and threeeliffdlRLNS seven days after grafting on scion aerial growth,
chlorophyll color index, and grafting success with rootstock rootstinteexcised.

Rootstock roots intact Rootstock roots excised
Cotyledor Leaf Grafting" Cotyledor Leaf Graftingd"
success Success
Rootstock Rootstock Color Area Color Score Color Area Color Score

cultivar genotype  RLNS' (SPADY (cnf) (SPADY (0-10) (SPADY  (cn?) (SPADY (0-10)

Strong C.mo. x 1 52.8a 2.6Im 31.8 g-k 1.5 420b-e 1.4mn 3149 0.8]j
Tosa C.ma. 2 42.6 b-e 10.8 ef 39.4b-d O0Of6. 44.2 be 9.0 gh 42.0 a-c 8.3 de
3 30.8 g-i 210a 28.8 Im 8.4 de 629 188b 28.4 k-m 8.9 b-d
Emphasis L.s. 1 49.4 ab 1.0n 43.0ab 9 h3. 44.4 be 1.0n 39.2cd 5.1fg
2 43.8 b-d 8.2 hi 42.6 a-c 8.5de 31.4fi 8.2 hi 38.0 de 8.4 de
3 20.6 k 9.8 fg 30.4 il 9.8 ab 2}k 6 76i 34.6 e-h 9.8 ab
Ojakkyo C.L 1 56.0 a 3.8kl 28.8j-m 5.8fg 51.2a 1.6 mn 440 a 509
Var. c. 2 36.4 d-g 10.4f 36.8 d-f 10.0a 35.8e-g 5.6 34.0 f-i 10.0a
3 33.0 f-h 14.0c 32.0 g4 10.0a .86k 7.2 35.0 eg 10.0a
Tri-X 313  C.L 1 44.6 bc 4.4 jk 34.he- 75e 44.6 bc 4.4 jk 34.4 e-h 1.9i
Var. 1.(3x) 2 38.8 c-f 11.8 de 31.0h-l 8.3de 38.8cf 11.8de 31.0 hAl 3.7h
3 25.2 i-k 12.6d 32.2 g 95a-c 216k 8.2 hi 25.2m 8.8 cd

“RLNS is rootstock leaf number stage.

YRootstock hypocotyls were excised from the root system just below thenead then placed in new media to re-root.

*Values represent a mean taken from ten plants replicated five times.

“Grafting success score taken from ten plants replicated five tinfewedias 0 = complete death to 10 = completely alive.

'Genotype is C.mo x C.ma.Gucurbita moschata Cucurbita maximal..s. = Lagenaria sicerariaC.l Var.c.=Citrullus lanatus Var.
Citroides, C.IVar. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

“The T'RLNS is defined as seeing the first unexpanded true leaf."tRLRS is defined as the unexpandé&dttle leaf and the

fully expanded T true leaf. The 8 RLNS is defined as the unexpandéttidie leaf and theland 2¢ expanded true leaves.

'SPAD values are defined by Minolta and indicate relative amount obgifiglt present in plant leaves; greater value means greener.
*Means within columns and rows for the same variable that are followadlifferent letter are significant by LSDRt= 0.05.
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Table 13. Two-way interaction of four rootstocks and three differedtSR(pooled over root treatment) seven

days after grafting on scion: cotyledon area, cotyledon carbohydratésad carbohydratés

Cotyledon Cotyledon Leaf
Rootstock Rootstock Aréa Carbohydrate's Carbohydrat€'s
cultivar genotypé RLNS' (cnf) (ng) (ng)
Strong C.mo. x 1 4.2'e 282.4 b-e 267.5 ab
Tosa C.ma. 2 6.9a 236.0f 279.9 ab
3 6.7a 269.3 c-e 286.0a
Emphasis L.s. 1 55¢ 285.3 b-d 262.0 bc
2 6.8a 300.4 ab 278.8 ab
3 6.6 a 317.5a 274.0 ab
Ojakkyo C.L 1 44 ¢ 263.0 de 241.7c
Var. c. 2 5.7c 259.8 e 273.7 ab
3 55¢c 234.9f 261.1 bc
Tri-X 313 C.l. 1 4.8d 289.1 bc 268.6 ab
Var. I 2 6.2b 290.5 bc 284.3 ab
(3x) 3 58c 277.7 c-e 269.1 ab

’RLNS is rootstock leaf number stage.

YTotal carbohydrate is defined as the sum of major carbohydrates suclt@sd, glucose, sucrose, stachyose,
galactose and raffinose.

*Values represent a mean of two readings pooled from twenty plalitsated five times.

“Genotype is C.mo x C.maGucurbita moschata Cucurbita maximal..s. = Lagenaria sicerariaC.|
Var.c=Citrullus lanatus Var. CitroidesC.I Var. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

‘The 1st RLNS in this study is defined as seeing the first unexpandedafu€ie 2nd RLNS is defined as
seeing the fully expanded 1st true leaf and the unexpanded 2nd true leaf. Th&\SrisRlefined as seeing the
1st and 2nd expanded true leaves and the unexpanded 3rd true leaf.

“Means within columns followed by a different letter are significant by a8P= 0.05.
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Table 14. Two-way interaction of rootstock (pooled over Rf)NS scion cotyledon area with roots intact or
excised seven days after grafting.

Scion cotyledoh area (crf)

Rootstock Rootstoc| Rootstock roots intact Rootstock roots excised
cultivar genotyp"”

Strong Tosa C.mo. x C.me 5.93 B 5.93b
Emphasis L.s. 6.53 a 6.07 b

Ojakkyo C.l Vvar.c 5.33¢ 5.07c

Tri-X 313 C.l. var. 1.(3x 5.87b 5.33¢c

’RLNS is rootstock leaf number stage.

YValues represent a mean of thirty plants replicated fivestime

*Rootstock hypocotyls were excised from the root system just below theneaid then placed in new media
to re-root.

“Genotype is C.mo x C.maGucurbita moschata Cucurbita maximal..s. = Lagenaria sicerariaC.l

Var.c.=Citrullus lanatus Var. CitroidesC.I Var. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

“Means within columns and rows that are followed by a different letteigmiéicant by LSD atP = 0.05.
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Table 15. Two-way interaction of RLKI§ooled over rootstock) on scion cotyledon area with roots intact
or excised seven days after grafting.

Scion cotyledoharea (crf)

Rootstock roots intact Rootstock roots excised
RLNSY
1 450¢ 490c
2 6.65 a 6.15 ab
3 6.60 a 574 b

’RLNS is rootstock leaf number stage.

YValues represent a mean of a forty plants replicated five times.

*Rootstock hypocotyls were excised from the root system just below theneahld then placed in new
media to re-root.

“The 1st RLNS in this study is defined as seeing the first unexpandeeafithe 2nd RLNS is defined
as seeing the fully expanded 1st true leaf and the unexpanded 2nd true |&aél Rh&IS is defined as
seeing the 1st and 2nd expanded true leaves and the unexpanded 3rd true leaf.

YSPAD values are values defined by Minolta which indicate the relataint of chlorophyll present in
plant leaves; greater value means greener.

“Means within columns and rows that are followed by a different letteigaiéicant by LSD atP = 0.05.
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Table 16. Three-way interaction of four rootstocks and three ditf@®@eENS seven days after grafting on rootstock and scion tissue
carbohydratéconcentrations with rootstock roots intact or excised.

Rootstock roots intact Rootstock roots excised

Rootstock Scion Rootstock Scion
Rootstock Rootstock

cultivar genotypé RLNS' Roots' (ug/ml) Hypocotyl' (ug/ml) Hypocotyl' (ug/ml) Hypocotyl' (ug/ml) Hypocotyl" (ug/ml)

Strong C.mo. x 1 240 ¢ 34.6] 283.0 a-c 263.0 a-c 287.4 ab
Tosa C.ma. 2 29.5 fg 64.8 h-j 2624 c 231.2 bc 287.8 ab
3 158.0 a 83.8 de 297.6 ab 263.2 a-c 302.6 a
Emphasis L.s. 1 56.5 de 51.6 279.2 a-c 182.0 de 291.0 ab
2 47.9 d-f 50.4 ij 276.4 bc 159.6 ef 292.4 ab
3 1408 a 261.8 a 279.8 a-c 271.8 ab 288.4 ab
Ojakkyo C.L 1 37.8eg 58.8 ij 228.4d 224.2 cd 289.2 ab
Var. c. 2 66.4 cd 73.8 h-j 280.8 a-c 179.6 d-f 295.2 ab
3 65.5 cd 95.4 g-i 278.0 bc 224.8 cd 279.6 bc
Tri-X 313  C.L 1 78.4c 133.0 fg 283.6 a-c 94.8 g-i 297.2 ab
Var. I. 2 100.5b 133.2 fg 297.0 ab 111.0 gh 298.4 ab
(3%) 3 1469 a 169.0 ef 278.2 bc 276.0 ab 281.0 a-c

’RLNS is rootstock leaf number stage.

YTotal carbohydrate is defined as the sum of major carbohydrates sutlt@sd, glucose, sucrose, stachyose, galactose and raffinose.
*Rootstock hypocotyls were excised from the root system just below thenead then placed in new media to re-root.

“Values represent a mean of two readings pooled from ten plantateglfive times.

'Genotype is C.mo x C.maGucurbita moschata Cucurbita maximal..s. = Lagenaria sicerariaC.| Var.c=Citrullus lanatus Var.
Citroides,C.I Var. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

“The 1st RLNS in this study is defined as first unexpanded true leaf. The X8l iRldefined as the unexpanded 2nd true leaf and the
fully expanded 1st true leaf. The 3rd RLNS is defined as the unexpanded 3ratad¢he 1st and 2nd expanded true leaves.

'Means within columns and rows for the same variable that are followadliffgrent letter are significant by LSDRit= 0.05.
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Table 17. Three-way interaction of rootstock (pooled over R).B&/en days after grafting on scion cotyledon
and leaf tissue carbohydratmncentration with rootstock roots intact or excised.

Rootstock roots intact Rootstock roots excised
Rootstock Rootstock Scion l&af  Scion cotyledoh ~ Scion leaf  Scion cotyledoh
cultivar genotyp& (ug/ml) (ug/ml) (ug/ml) (ug/ml)
?trong Tosa C.mo.x C.ma. 277.83 a 267.67 cd 278.07 a 257.60d
Emphasis L.s. 276.53 a 305.40 a 266.67 a 296.73 ab
Ojakkyo C.l. Var. c. 236.80 b 232.40 e 280.87 a 272.73 cd
Tri-X 313 C.I. Var. 1.(3x) 268.07 a 279.73 bc 279.93 a 291.80 ab

’RLNS is rootstock leaf number stage.

YTotal carbohydrate is defined as the sum of major carbohydrates sutlt@sd, glucose, sucrose, stachyose,
galactose and raffinose.

“Values represent a mean of two readings pooled from thirty plantsateplifive times.

“Genotype is C.mo x C.ma.Gucurbita moschata Cucurbita 80aximal..s. = Lagenaria sicerariaC.|
Var.c.=Citrullus lanatus Var. CitroidesC.I Var. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

'Means within columns and rows for the same variable that are followed figramtiletter are significant by
LSD atP = 0.05.



T8

Table 18. Two-way interaction of RLKI&nd cotyledon (pooled over rootstock) seven days after grafting onleafon
and cotyledon tissue carbohydratencentration with rootstock roots intact or excised.

Rootstock roots intact Rootstock roots excised
Scion leaf Scion cotyledoh Scion leaf Scion cotyledoh
RLNS" (ug/ml) (ug/ml) (ug/ml) (ug/ml)
1 252.35c 274.50 bc 267.55b 285.45 a
2 273.00 b 267.55 ¢ 285.35 a 275.80 bc
3 268.85 b 271.90 bc 276.25 ab 277.90 ab

’RLNS is rootstock leaf number stage.

YTotal carbohydrate is defined as the sum of major carbohydrates strtlttase, glucose, sucrose, stachyose,
galactose and raffinose.

*Values represent a mean of two readings pooled from forty plantsateglifive times.

“The £'RLNS in this study is defined as seeing the first unexpanded true leaZ"RLNS is defined as seeing
the fully expandedsitrue leaf and the unexpandel ue leaf. The 8 RLNS is defined as seeing th&dnd 2°
expanded true leaves and the unexpanfed.@ leaf.

“Means within columns and rows for the same variable that are followed figramdiletter are significant by
LSD atP = 0.05.
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Table19. Sources of variatiéin the analysis of variance (ANOVA) for total carbohydrapes plant organ,
seven days after grafting at three different REN&h rootstock root treatmeht

Percent of total sums of squares

Rootstock Scion

Source of variation Roots Hypocotyl Cotyledon Hypocotyl Leaf
Replication .16 .39 1.01 .10 .07
Rootstock (RS) 4.81** 2.08** 36.63** 9.61** 44 .34**
RLNS 91.85** 50.07** 36.84** 73.05** 40.67**
RS * RLNS 2.74** 1.04** 22.97** 16.50** 14.42**
Root treatment (RT) - 37.92** .38 .02 .09
RS*RT - 1.61** 1.03 .18 .16
RLNS*RT - 6.46** .38 .03 .06
RS*RLNS*RT - .66** .52 .29 .16
Error A4 13** .25 .21 .03
Cv 50.80 33.12 18.70 19.85 11.22

" F values significant & = 0.01.

“The sum of squares for each factor in the ANOVA were converted toentege of the total sum of squares.
YTotal carbohydrates are defined as the sum of major carbohydrates suohtasef glucose, sucrose,
stachyose, galactose and raffinose.

*RLNS is rootstock leaf number stage.

“Root treatment consist of rootstock roots excised or intact followanftjrug.
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Table 20. Three-way interaction of four rootstocks and three ditf@eNS seven days after grafting on
rootstock total carbohydratgser plant organ with rootstock roots intact or excised.

Rootstock roots intact Rootstock roots excised

Rootstock Rootstock Rodts Hypocotyl Hypocotyl"
cultivar genotypé RLNS' (1) (ng) (ng)
Strong C.mo. X 1 8.23'fg 9.52]j 83.42 h
Tosa C.ma. 2 33.82 ef 18.79 j 308.29d
3 236.10 a 152.37g 42541 c
Emphasis L.s. 1 7.32¢ 9.06 | 147.18 ¢
2 19.80 fg 7.96 182.24 fg
3 102.49 c 262.43 e 583.20 a
Ojakkyo C.L 1 10.91 fg 5.71] 54.99 hi
Var. c. 2 59.46 de 12.82 ij 46.25 h-j
3 218.64 ab 149.02 g 490.14 b
Tri-X 313 C.l. 1 7.32¢ 14.99 ij 17.25 ij
Var. I. 2 67.28 d 26.15 ij 34.32 jj
(3%) 3 196.64 b 200.85 f 413.53 c

’RLNS is rootstock leaf number stage.

YTotal carbohydrates are defined as the sum of neajdrohydrates such as: fructose, glucose, sustzsssyose, galactose

and raffinose.

*Rootstock hypocotyls were excised from the rootespgust below the soil line and then placed in meedia to re-root.
“Values represent a mean of two readings pooled feonplants replicated five times.
'Genotype is C.mo x C.maGucurbita moschata Cucurbita maximal_.s. = Lagenaria sicerariaC.l Var.c=Citrullus
lanatus Var. CitroidesC.I Var. 1(3x)= Citrullus lanatus Var. Lanatugriploid).
“The 1st RLNS in this study is defined as seeinditieunexpanded true leaf. The 2nd RLNS is defias seeing the fully
expanded 1st true leaf and the unexpanded 2ndetfieThe 3rd RLNS is defined as seeing the 1stambdexpanded true
leaves and the unexpanded 3rd true leaf.
‘Means within columns and rows for the same varighme are followed by a different letter are sigrnt by LSD aP

= 0.05.
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Table 21. Two-way interaction of four rootstocks and three differedSR(pooled over root treatment)

seven days after grafting on scion carbohydfatesplant organ.

Scion
Rootstock Rootstock Cotyledon Hypocotyf Leaf"
cultivar genotypé RLNS (ng) (n9) (ng)
Strong C.mo. x 1 92.31"f 61.08 i 69.47 ef
Tosa C.ma. 2 109.28 d 184.86 ¢ 448.10 c
3 155.18 b 427.02 a 692.82 a
Emphasis L.s. 1 95.08 ef 50.53 66.91 ef
2 137.39¢c 107.37 h 364.14d
3 375.24 a 348.31b 672.79b
Ojakkyo C.L 1 85.36 f 43.76 k 68.18 ef
Var. c. 2 93.27 ef 158.32 e 62.09 f
3 88.44 f 172.63d 64.04 ef
Tri-X 313 C.l 1 102.39 de 146.86 f 78.87 e
Var. I. 2 85.25f 187.73 c 77.48 e
(3x) 3 95.78 ef 140.59 g 66.87 ef

’RLNS is rootstock leaf number stage.

YTotal carbohydrates are defined as the sum of major carbohydrates suohtasef glucose, sucrose,
stachyose, galactose and raffinose.

*Values represent a mean of two readings pooled from twenty plalitsated five times.

“Genotype is C.mo x C.maGucurbita moschata Cucurbita maximal..s.= Lagenaria sicerariaC.l
Var.c=Citrullus lanatus Var. CitroidesC.I Var. 1(3x)= Citrullus lanatus Var. Lanatu@riploid).

‘The 1st RLNS in this study is defined as seeing the first unexpandeéafLiehe 2nd RLNS is defined as
seeing the fully expanded 1st true leaf and the unexpanded 2nd true leaf. Th&SrisRlefined as seeing
the 1st and 2nd expanded true leaves and the unexpanded 3rd true leaf.

“Means within columns followed by a different letter are significant by BEP = 0.05.
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Figure 6. Relationship between rootstock hypocotyl total organ carbobyd—a— ) measured at time of grafting with grafting success
score where “0” = graft death and “10” = optimal growth (13 days aftdimigg with roots either excisee--@--« ) or left intar-<€¢— )
prior to healing at three RLNS on rootsto¢kscurbita moschata Cucurbita maximgA), Lagenaria siceraridB), Citrullus lanatus

Var. Citroides(C), andCitrullus lanatus Var. Lanatu@®) a triploid. The I RLNS is defined as the first unexpanded true leaf. The 2
RLNS is defined as the unexpandé&dittue leaf with the fully expanded true leaf. Th&*RLNS is defined as the unexpandétt@ie

leaf with the 1 and 2° expanded true leaves. Values represent a mean taken from tempetaeislication, replicated five timégotal
carbohydrates are defined as the sum of major carbohydrates includatgsé, glucose, sucrose, stachyose, galactose and raffinose.
Rootstock hypocotyls were excised from the root system prior to healifggjosy the soil line and then placed in new media to re-root.



98

] 1 A 1 H ]
800 1 A Strong Tosa ® C Ojakkyo 1 800
y = -88.68 +14.4x -.07X%
re=0.91%%
600 - & ©- 600
y =-139.28 + 4x

a rz2=20.21 ns a a
= 4001 o400 3
] y = -180.58 + 4.37x
T y = 57.58 + 5.98x rz=0.20 ns %
5 2009 re=0.90% 1200 3
=
_8 0 Q | 4 4 4 4 4 4 4 @ 4 , 4 é,o é
S go0lB Emphasis 2 *|D Tri-X 313 lgoo &
= et
Q y = 60.54 - 1.81x + 0.06% %‘
8 600 L2=0.97we 2 1600 8
o / y =1763.98 - 50.27x + 0.37% S
> y = 446.77 - 12.17x + 0.14% r2=0.59* A ® SN
I r2:0.71** 7. I

400 - N 8 8 400

A
200 4 1200
y = 1134.06 -30.70x + 0.26x
rz=0.68% A AN
0 } } } } t t t t t t 0
3 ) (. 5 3 ) t) 5 0

Grafting success score

Figure 7. Regression of total hypocotyl carbohydrates levels ¢origmafting) over grafting success score (13 days afédtiny) of four
rootstock cultivars C.mo x C.ma.€ucurbita moschatax Cucurbita maxima(A), Lagenaria siceraria(B), Citrullus lanatus Var.
Citroides (C), Citrullus lanatus Var. LanatuéD) a triploid. Each point represents a mean of 10 plantsgmdication with hypocotyl
treatment after grafting of whether roots were left in{@) or excised 4 ) prior to healing. The solid=—) and broken (eeseee) lines
(roots left intact or excised, respectively) represegrassion lines generated for the entire population data polghoegression
analysis. Total carbohydrates are defined as the sum of major carbebhydchuding: fructose, glucose, sucrose, stachyose, galactose and
raffinose. Grafting success score were defined as “Oaft death and “10” = optimal growth with a score of 90 belrgglowest level of
acceptability. Rootstock hypocotyls were excised from the rggies prior to healing just below the soil line and then placetew
media to re-root. ns, *,** *** = not significant or significant at P=.05, .01, and .001 regekyct
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Table 22. Predicted rootstock hypocotyl organ carbohydrates dry weight status at 90 grafting
success score of four rootstock cultivars with roots left intact@sek (prior to healing).

Rootstock  Rootstock Root Carbohydratés Carbohydratés  Dry weight”

cultivar genotype treatment  (ug/ hypocotyl) (ng/ml) (g/ hypocotyl)
Strong Tosa C.mo. x C.ma. Intact 640 282 2.27
Excised 595 283 2.10
Emphasis L.s. Intact 485 308 1.57
Excised 477 306 1.56
Ojakkyo C.l. var. c. Intact 212 243 .87
Excised 220 242 91
Tri-X 313 C.l. var.l. Intact 236 251 .94
Excised 383 261 1.47

“Carbohydrates represent a mean of two carbohydrate measurementsorakasfibsample of ten
plants replicated 15 times and are defined as the sum of major carltebyieh as: fructose,
glucose, sucrose, stachyose, galactose and raffinose.

YRootstock hypocotyls were excised from the rootesysgust below the soil line and then placed in mesdia
to re-root.

*Genotype is C.mo x C.maGucurbita moschata Cucurbita maximal..s. = Lagenaria siceraria,
C.l Var.c=Citrullus lanatus Var. CitroidesC.1 Var. 1= Citrullus lanatus Var. Lanatu@riploid).
“Values represent a calculated number taken from the regressiottiprediodel of hypocotyl total

organ carbohydrates, carbohydrate concentration per dry weigh gram, arnlddoyevaight each
with grafting success.



APPENDI X

Additional pictures of rootstock and scion leaf number stages at whitingtaok place,
grafting, inside of healing chamber, and grafted seedlings.
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Fig. A-4. Rootstock prepared for
“Cotyledon Devoid” grafting.

Fig. A-2. Scion and rootstock at second leaf Fig. A-3. Rootstock and scion at Fig. A-5. Scion prepared for grafting.
stage. third leaf stage.
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Fig. -6. Excised grafted seedling immediatel
following grafting but prior to healing.

Fig. A-7. Grafted seedling inside high humidity
healing chamber immediately following grafting.

Fig. A-8. First rootstock leaf number stage
grafted seedlings after healing

Fig. A-9. First leaf stage grafted rootstock hypoc:
and scion cotyledon senescence following healing.



Fig. A-10. Second rootstock leaf number stage

grafted seedlings after healing.
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Fig. A-11. Second rootstock leaf number
stage grafted seedlings after healing.

Fig. A-13. Third rootstock leaf number
stage grafted seedlings after healing.

Fig. A-14. Third rootstock leaf numb:
stage grafted seedlings after healing.

Fig. A-15. Close up of grafted second
rootstock leaf number stage seedling
after healing.
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