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ABSTRACT

The aim of this study was to evaluate success of In vitro grafting method in three selected
Kenyan papaya lines. In vitro regenerated shoots of about 20mm were used where the
upper 10mm tips were excised and used as scions while the remaining portion was used
as rootstock. The rootstocks and the scions were used interchangeably. Number of leaves
and length of grafts were recorded every week for six weeks. Number of scions that were
alive after six weeks was also recorded. Grafted shoots were rooted on MS with 2.5mg/l
IBA. The number of grafted shoots that were alive after six weeks ranged between 45%
and 80%. The types of rootstock and scions affected the number of leaves and length of
grafted shoots with lines 1 and line 2 grafted on their rootstock exhibiting the highest leaf
number and shoot length. Papaya line 3 grafted on either line 1 or 2 rootstock and vice
versa had a higher number of leaves and shoot length as compared with line 3 grafted on
its own rootstock. Within 24 weeks, in vitro grafted plantlets were achieved. In vitro
grafting of selected papaya lines was successful.
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1. INTRODUCTION

Papaya (Carica papaya L.) is a member of Caricaceae family. It is a valuable fruit crop
grown commercially in many tropical and subtropical countries. Papaya is easy to cultivate
and has good agronomic features such as rapid growth, requirement of minimal space, early
maturation and high yields [1]. Papaya is also commonly grown in home gardens and
scattered among other crops in smallholder plots due to its single stemmed nature.

Papaya ripe fruits are rich in vitamins A and C [2] and are commonly used as fresh dessert.
It is also eaten raw, sliced into thin strips and eaten as vegetable or processed into various
products such as candy, pickle or puree [1]. The latex from unripe fruit and leaves contains a
proteolytic enzyme, papain, which is used for tenderizing meat, chill-proofing beer, tanning
leather and for making chewing gum [3]. In pharmaceutics, papain is used for suppression of
inflammation, treatment of gangrenous wounds and for various digestive ailments [4]. As a
proteolytic enzyme, it has exfoliating property that removes the dead surface cells of the
skin, giving it a rejuvenated feeling [1]. It is therefore popularly used in soaps, creams,
shampoos and lotions in the cosmetic industry.

In Kenya, papaya is a widespread fruit crop throughout the country [5] grown by both the
small and large scale farmers [6]. The major producing provinces are Coast, Nyanza,
Western, Rift Valley, Eastern and Central provinces [7]. The fruit is grown for both local fresh
consumption, processing and export markets, hence a good source of nutritious food and
income to farmers.

Seed propagation is a common method of propagation in papaya. However seed
propagation is hindered with problems associated with inherent heterozygosity and
dioecious nature of the plant [8]. These features of the plant impose considerable limitations
on improvement work and are some of the major reasons for the lack of true varieties in this
important fruit crop [9]. Clonal methods for propagation can overcome some of these
difficulties in papaya cultivation and improvement.

Asexual propagation methods in papaya such as grafting [10] and rooted cuttings [11] exist,
but they are often not carried out on a large scale [12] because they are generally
cumbersome, time consuming and highly season bound with low multiplication rates.
Nevertheless, grafting in papaya has been attempted in an effort to address the problem of
raising papaya plants with the desired sex [10, 13 and 14].However, bacterial infection of the
scions [10] and soft rot fungi infection [14] has been reported to reduce the success rate of
grafting. Grafting of disease-free explants is an appropriate alternative for propagation of
papaya plant.

In vitro grafting is a well recognized propagation method for many plant species [15]. It
consists of grafting, under aseptic conditions, a small shoot tip onto a young seedling or
plantlet root stocks growing In vitro [16]. In vitro grafting has several unique uses including:
production of disease-free plants by grafting small meristem tips [17], virus indexing by micro
grafting to susceptible under stocks [18], early detection of grafting incompatibility
relationships [19], propagation of novel plants created in tissue cultures that are difficult-to-
root [20] and small micro grafted trees are a convenient way to exchange germplasm
between countries [21].

In vitro grafting has potential to be utilized as alternative method of papaya propagation.
However, to the best of my knowledge, there is no documented scientific research devoted
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to In vitro grafting in papaya to date. Therefore, assessing In vitro grafting success of papaya
would be necessary to evaluate is applicability for propagation of papaya.

2. MATERIALS AND METHODS

2.1 Study Site

The study was conducted in the Tissue Culture Laboratory of Institute for Biotechnology
Research (IBR), Jomo Kenyatta University of Agriculture and Technology (JKUAT).

2.2 Plant Materials for Research

Fruits of three local adapted papaya lines from ongoing papaya research project in JKUAT,
Juja, were selected based on their superior performance. Seeds were extracted and stock
plants established in a green house. When the seedlings were three month old, 1.0cm shoot
tips were excised and sterilized in 20% household bleach (jik®) containing 3.85% sodium
hypochlorite and 2 drops Tween 20® for 10 minutes. Thereafter, the shoot tips were three
times rinsed with sterilized distilled water.

After surface sterilization, In vitro regeneration method described by Mumo et al. [22] was
used for shoot multiplication and elongation. Cactus thorns were harvested and washed in
running tap water for about 30 minutes and sterilized by autoclaving at 121°C at 1.5Mpa
pressure for 20 minutes and then stored in absolute ethanol until use.

Under aseptic conditions, rootstock and scion partners of similar diameter were selected to
optimise potential cambial contact. For ease of working, the shoots were defoliated taking
care not to damage the apex. Shoots of 20mm in length were used whereby the upper
10mm of the tips were excised and used as scion, while remaining portion was used as
rootstock. Wedge grafting was used where vertical incisions were made on the top end of
rootstocks. The bottom ends of shoots were cut into a wedge (“V”) shape and placed into the
incision made in the rootstock with both the cut surfaces in good physical contact and then
held together at the point of graft with sterile cactus thorns. Rootstocks and scions were
used interchangeably.

Combination of scion and rootstock resulted in formation nine graft combinations viz.: Line
1/1, Line 2/2, Line 3/3, Line 1/2; Line 1/3; Line 2/1; Line 2/3; Line 3/1; Line 3/2.The
experiment was set in a Completely Randomized Design with 4 replicates and each replicate
with 10 grafts. Grafted shoots were cultured on Murashige and Skoog (MS) (23) medium
supplemented with 0.1mg/l BAP combined with 0.05mg/l NAA, 30g/l sucrose and 2.5g/l
gerlite. Cactus thorns were removed after 6 weeks and the grafted shoots were rooted using
procedure described by Mumo et al. [22]. Cultures were placed in growth chamber at
25±1°C and 16 hour photoperiod lighting was provided by Philips light bulb tubes that
provided white fluorescent light (40W) in the growth chamber.

Number of leaves and length (mm) of each graft was recorded every week for 6 weeks. The
percentage survival of grafted shoots that were alive after 6 weeks was also recorded.
Number of leaves, shoot length and percentage survival were subjected to ANOVA contrast
to detect significant differences between grafts means and graft means that were
significantly different were compared using student Newman Keuls (SNK) test at p≤0.05
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2.3 Acclimatization

Rooted plantlets were taken out of the culture containers and washed carefully under
running tap water for complete removal of the rooting medium. Plantlets were transferred on
pots (9x6cm) filled with forest soil, manure, sand and vermiculite in the proportion of 2:1:1:1,
respectively. Within 3 weeks in acclimatization chamber, plants had hardened and were
taken in greenhouse for further growth. About 25% of In vitro grafted plants remained alive
after acclimatization

3. RESULT

Three to seven days after grafting, callus was formed at the point of graft union (plate 1 A).
New leaves were formed in all grafts between four and seven days after grafting (Plate 1 B).

Plate 1. Callus formation at the graft union (A); formation of new leaves 4 to 7 days
after grafting (B)

Increase in number of leaves was observed from week one to week 5 Fig. 1. There was no
increase in number of leaves from week 5 to week 6 in all grafts. Significant influences of
both rootstock and scions combinations on the mean number of leaves per grafts (p<0.001)
were noted. Highest number of leaves was recorded in Line 1/1 and Line 2/2 while the least
number of leaves was recorded in Line 3/3. Grafting Line 3/2, Line 3/1 Line 2/3, and Line 1/3
resulted into increased number of leaves compared to Line 3/3 while grafting Line 1/3, Line
1/2 and Line 3/1 and Line 2/1 resulted into reduction in number of leaves compared with Line
1/1. Comparing Line 2/2 with Line 1/2, Line 3/2, Line 2/1 and Line 2/3 resulted into reduced
number of leaves Fig. 1.

There was increase in shoot length from week one up to week five. There was no increase in
shoot length from week 5 to week 6 in all grafts Fig. 2. The results showed significant
influences of both rootstock and scions combinations on the mean shoot length per grafts
(p<0.001). Line 1/1 and Line 2/2 recorded the highest shoot length throughout the six weeks.
The least mean shoot length was recorded in Line 3/3 Fig. 2. Grafting Line 3/2, Line 3/1 and
Line 2/3, Line 1/3 resulted into increased shoot length compared to Line 3/3 while grafting
Line 1/3, 1/2 and Line 3/1 and 2/1 resulted into reduction in shoot length compared with Line
1/1. Also comparing Line 2/2 with Line 1/2 and Line 3/2 and Line 2/1 and Line 2/3 resulted
into reduced shoot length.

There were instances where graft union did not occur as witnessed when the scions and
rootstock were poorly aligned (Plate 2A) and in other instances, scions necrosis and
rootstock produced side shoots at the graft union (Plate 2B).

A B



Annual Research & Review in Biology, 4(14): 2337-2346, 2014

2341

Fig. 1. Effect of grafts combinations on the mean number of leaves 6 weeks
after grafting

Fig. 2. Effect of graft combinations on average shoot length (mm) 6 weeks
after grafting

After six weeks, the number of scions that were alive varied among the grafts Table 1. The
highest number of scions that were alive was recorded in Line 2/2 with 80% followed by line
1/1 with 77.5% while the least was recorded in line 3/2 with 45%. No significant difference
was noted on percentage successful grafts on Line 1/1, Line 2/2 and Line 3/3 Table 1.

Rooted in vitro grafted plantlets were achieved after 8 weeks in rooting media and plantlets
ready for transferring into a greenhouse for further growth were achieved within 3 weeks
after acclimatization (plate 3).
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Plate 2. Graft failure due to poor alignment of scion and rootstock (A) necrosis of
scions and production of side shoots by rootstock (B)

Table 1. The survival rate (%) of in vitro grafted shoots 6 weeks after grafting

Papaya line graft
combinations

No. of shoots
grafted

No. of grafted
shoots alive

Survival rate of In vitro
grafted shoots (%)

Line 1/1 40 30 77.5±4.78a

Line 2/1 40 28 70.0±4.08a

Line 3/1 40 20 50.0±3.08cd

Line 1/2 40 24 60.0 ± 4.08bcd

Line 2/2 40 32 80.0 ± 4.08a

Line 3/2 40 18 45.0 ± 5.00d

Line 1/3 40 20 50.0 ± 2.88cd

Line 2/3 40 19 47.5 ± 4.78cd

Line 3/3 40 26 65.0 ± 2.88abc

Mean values within a column followed by the same letter are not significantly different by SNK (p≤0.05)

Plate 3. Acclimatization of in vitro grafted plantlet

A B
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4. DISCUSSION

Establishing an in vitro grafting method of papaya may combine advantage of grafting with
those of micropropagation. Seven days after grafting, calluses were formed at the graft
union. Callus growth is a key process in the development of the graft union because it
physically joins the scion to the rootstock [24]. It has been reported that grafting failure can
be characterized by a lack of callus formation at the graft interface. Oda et al. [25] reported
that low callus formation between the rootstock and scion could lead to defoliation, reduction
of scion growth and low survival of grafted plants. Other studies have revealed that the new
callus formed is a passive event that occurs in compatible and incompatible grafts and is a
common response to wounding [26].

Dislocations of the grafts resulted in drying out of the scion and graft failure. The restoration
of vascular continuity through the interface region is very crucial since it determines the
compatibility between the rootstock and scion on the development of graft union formation
[24 and 27]. This is because the restoration of the vascular bundles ensures flow of mineral
nutrients and/or water between the rootstock and the scion [25 and 28]. Shoot necrosis was
observed in some cases and formation of side shoots by the rootstock. Studies have
reported that lack of, or decrease in the number of differentiated vascular bundles, or the
dysfunction of differentiated vascular bundles at the graft union inhibit the transport of
nutrients [29,30] leading to growth suppression of the scion and premature death.

The process of scion growth which occurred between 4-7 days was independent of graft
success. It is possible that the initial development of scion occurred due to uptake of xylem
sap exuded by decapitated rootstock plantlets [31]. However, the continued development of
scion leaves and shoot length has been attributed to the functionality of regenerated
vascular system [32] that allows translocation of water, mineral nutrition and carbohydrates
[33] which are needed for production of new leaves and shoot growth.

No significant difference was noted on percentage successful grafts on Line 1/1, Line 2/2
and Line 3/3 and they had the highest percentage success compared with other graft
combinations. This similarly, Rafail and Mosleh [34] when developing a protocol for in vitro
shoot tip grafting for different cultivars of apples (MM106 and Anna) and pears (Aly-Sur and
P. calleryana) reported highest micrografting success (90%) in grafting P. calleryana pear on
P. calleryana stocks followed by 80% micrografting success in case of the grafting of MM106
apple scions on MM106 apple stocks which were significantly higher than the grafting of
heterografting between different cultivars.

Given that the factors that influence plant growth (light, nutrition and temperature)
represented a uniform treatment in the experiment, growth differences in grafted papaya
plants indicate the effect rootstock and scion combinations on number of leaves and shoot
length as well as percentage number of scions that were alive after six weeks.

It is interesting that the papaya lines 1 and 2 grafted on their rootstock showed vigorous
growth in terms of number of leaves and shoot length. However, when line 1 was grafted on
line 2 and vice versa, the growth was not vigorous as compared to Line 1/1 and line 2/2. This
suggests that the total growth of grafted plants may not be directly related to the relative
growth rate of either the rootstock or the scion.
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5. CONCLUSION

From this study of In vitro grafting of selected papaya lines, the technique was successful
and could be applied as an alternative method of propagating true-to-type papaya lines
thereby overcoming conventional papaya propagation problems.
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