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ABSTRACT

Soursop (Annona muricata) is a multipurpose fruit tree species, which is mostly propagated by seeds,

thus producing plants that exhibit various degree of variability. The objective of this study was to

assess the influence of scion length and point of attachment on rootstock on survival and growth on

grafted Annona muricata. Varying points were marked out on the rootstock from the base of the plant

and varying scion lengths (5, 10 and 15 cm) were collected. The modified cleft method of grafting was

adopted and this was monitored daily for freshness and appearance of new shoot. At the end of two

months, survived grafted plants were removed and arranged under a weaning shed, where they were

further monitored for number of leaves, height of graft, diameter of scion and rootstock. Results

showed that scion length varied significantly (P<0.05) for all the parameters assessed. The effect of

point of attachment on rootstock was also significant on the number of  leaves, as well as scion collar

diameter.  The effect rootstock on graft height and rootstock collar diameter was not significant. The

interactive effect of scion and rootstock was significant (P<0.05)  for all parameters, except height of

graft.  For successful graft, survival and growth of grafted A. muricata, 10 - 15 cm long scion should

be used and this should be inserted at the upper part (15 cm) of the rootstock.

Key Words:  Annona muricata, collar diameter, graft height, survival

RÉSUMÉ

Le corossol (Annona muricata) est une espèce d’arbre fruitier à usages multiples, qui se propage

principalement par graines, produisant ainsi des plantes qui présentent divers degrés de variabilité.

L’objectif de cette étude était d’évaluer l’influence de la longueur du greffon et du point d’attache sur

le porte-greffe sur la survie et la croissance d’Annona muricata greffée. Des points variables ont été

marqués sur le porte-greffe à partir de la base de la plante et des scions de différentes longueurs (5, 10

et 15 cm) ont été collectés. Une méthode de greffe modifiée par fente a été adoptée et celle-ci a été

surveillée quotidiennement pour la fraîcheur et l’apparence de la nouvelle pousse. Au bout de deux

mois, les plantes greffées survivantes ont été retirées et disposées sous un hangar de sevrage, où

elles ont été davantage surveillées pour le nombre de feuilles, la hauteur de la greffe, le diamètre du
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greffon et le porte-greffe. Les résultats ont montré que la longueur du greffon était significative

(P<0,05) pour tous les paramètres évalués. L’effet du point d’attache sur le porte-greffe était également

significatif sur le nombre de feuilles, ainsi que sur le diamètre du collet du greffon ; tandis que l’effet

du porte-greffe sur la hauteur du greffon et le diamètre du collet du porte-greffe n’était pas significatif.

L’effet interactif du greffon et du porte-greffe était significatif (P<0,05) pour tous les paramètres, sauf

la hauteur du greffon. Pour une greffe réussie, la survie et la croissance d’Annona. muricata greffé, un

scion de 10 à 15 cm de long doit être utilisé et celui-ci doit être inséré dans la partie supérieure (15 cm)

du porte-greffe.

Mots Clés :   Annona muricata, diamètre du collet, hauteur du greffon, survie

INTRODUCTION

Soursop (Annona muricata L.) is a

multipurpose tree species which is cultivated

for their edible fruits, raw materials and herbs

for medicinal purposes. The fruit pulps are

sources of vitamin C and minerals, which

include calcium, phosphorus and potassium

(Pinto et al., 2005). All parts of the soursop

plant are locally used for treatment of ailments

and diseases such as cancer and parasitic

infections (Adewole and Ojewole, 2009). The

fruits can be eaten by new mothers to stimulate

milk post childbirth. The fruit pulp is also  eaten

to relieve arthritis pain, fever, diarrhea, malaria,

skin rashes, worms and rheumatism. The juice

from the leaf decoction is known to have anti-

neuralgic and rheumatic properties (Adewole,

2006; De Sousa et al., 2010; Mishrad et al.,

2013); while the leaves are extensively used

as anticancer for tumor and cancer treatment

in Tropical Africa and South America (Adewole

and Ojewole, 2009). Apart from the herbal

properties of A. muricata, the fruits also

contribute significantly to household incomes

of both rural and urban dwellers in West

Africa.

Annona muricata is an evergreen,

terrestrial, erect tree that belongs to the family

Annonaceae. It is native to the tropical areas

of South and North America and is widely

distributed throughout tropical and subtropical

parts of the world (Richardson et al., 2004).

The tree grows from 5 to 8 metres in height

and there are approximately 130 genera and

2300 species (Richardson et al., 2004; Mishra

et al., 2013).

Soursop is commonly propagated from

seeds and this has resulted in fruit production

variability in terms of fruit quality, as well as,

resistance to pests and diseases. Propagation

by seeds produces plants with various degrees

of genetic variability as a result of cross-

pollination. However, the increasing demand

of high quality planting stock for mass

establishment of soursop plantation for both

economic and medicinal values, necessitates

that alternate methods of propagation be

developed. Genetic improvement strategies are,

therefore, required to enhance fruit production

and germplasm conservation of soursop trees.

To overcome the problems of seed

propagation, vegetative propagation becomes

a viable option. The advantages of using

vegetative propagation outweigh those of

seeds. Grafting is a vegetative propagation

technique that enables regeneration of clones

with the same genetic constitution as the

mother plant and therefore enhance production

of superior genotypes (Hartmann et al., 1997;

Tchoudjeu et al., 2006; Ofori et al., 2008). It

is the union of a root system (rootstock) with

a shoot system (scion) in such a manner that

they unite, and subsequently grow and develop

as a composite plant (Hartmann et al., 2002).

Grafting is widely used in tree crops to improve

yield and quality traits (Leakey et al., 2005;

Leakey and Akinnifesi, 2008; Miller and Gross,

2011; Leakey, 2014). It can also be used to

facilitate production of plants in the

reproductive phase when plus trees are selected

and scions are taken from crowns of mature

trees.
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A successful graft takes place where the

rootstock and the scion are compatible. Graft

compatibility means establishment of a

successful graft union, as well as extended

survival and proper functioning of the grafted

plant (Yin et al., 2012; Eliezer, 2014). One of

the problems associated with grafting is the

incompatibility of rootstocks and scions (Ni

Luh  and Karsinah, 2011). Therefore, selection

of suitable scions, as well as rootstocks, will

increase the success rate of this vegetative

propagation technique.  This study was,

therefore, carried out to investigate the possible

effect of scion length and point of attachment

to the rootstock on the survival and early graft

of Annona muricata.

.

MATERIALS  AND  METHODS

Experimental materials. Seeds of A.

muricata were sourced from high yielding and

vigorous mother trees from the arboretum of

Forestry Research Institute of Nigeria (FRIN),

Ibadan, Oyo State of Nigeria. The seeds were

sown in germination boxes in the nursery

facility of Multipurpose Tree Species

Improvement Unit of FRIN, Ibadan. At 4 weeks

after sowing, the seedlings were pricked and

potted. The potted seedlings were nursed and

maintained for 15 months to attain desirable

size (pencil size). Healthy and good formed

seedlings were carefully selected from the pots,

giving consideration to length. Selected

seedlings ranged from 25-30 cm high. These

selected seedlings were used as rootstocks in

this experiment. Varying points were measured

and marked out on the rootstock from the base

of the plant viz: base (5 cm), middle (10 cm)

and upper (15 cm).

The scions used were collected from

healthy matured mother plants, with desirable

fruiting ability. The scions were cut into three

lengths (5, 10 and 15 cm) with the aid of sharp

budding knife.

Experimental site. The experiment was

carried out at the Multipurpose Tree Species

Improvement Unit of Forestry Research

Institute of Nigeria, FRIN, Ibadan Oyo state

Nigeria. FRIN is located on the longitude

07023’18'’N to 07023’43'’N and latitude

03051’20'’E to 03051’43'’E. The climate of

the study area is the West African monsoon,

with dry and wet seasons. The dry season is

usually from November through March and is

characterised by dry cold wind of Harmattan.

The wet season usually starts from April to

October, with occasional strong winds and

thunderstorms. Mean annual rainfall is about

1548.9 mm, falling within approximately 90

days. Mean maximum temperature is 31.9 oC,

minimum 24.2 oC; while the mean daily relative

humidity is about 71.9% (FRIN, 2015).

Experimental procedure and design.
Rootstocks were 5, 10 and 15 cm and various

lengths of scions (5, 10 and 15 cm) were

inserted using the modified Cleft method

(Yakubu et al., 2014) and tied with budding

tape.

The grafted materials were kept under high

humidity (72%) propagators. Fungicides were

applied into the propagator before the

introduction of the grafted plants. This was

repeated at one month after grafting. Watering

with clean water was done with the aid of hand

sprayer, to avoid water stress, and keep the

propagator moistened.

The grafted materials were observed for

the appearance of new shoot, which is the

indicator of survival (successful graft).  At the

end of two months, survived grafted plants

were removed and arranged under a weaning

shed, where they were further monitored for

4 months. The factorial experiment was laid

in completely randomised design with three

replications. The soils were well drained, with

pH values close to 7.0.

Data collection and analysis. Data were

collected on percentage survival of graft,

number of leaves, height of graft, diameter of

scion, and diameter of rootstock. Data

collected were subjected to descriptive

statistics and analysis of  variance using

Minitab 17. Significant means were separated
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using Fishermen Least Significant Differences

at 5% level of probability.

RESULTS

Graft survival. The result showed that the

longest scion attached to upper rootstock (15

cm long scion attached at 15 cm on rootstock)

had the highest survival rate (80%). This was

followed by longest scion attached to basal

point of rootstock and longest scion attached

to middle point on rootstock, with survival rate

of 70% each. The shortest scion attached to

the basal point on rootstock (5 cm long scion

attached at 5 cm on rootstock) performed

poorly with 40% survival rate (Fig. 1).

Data collected for the effect of scion length

and point of attachment on rootstock on early

growth of grafted A. muricata showed that

the scion (irrespective of the length) attached

to the upper part (15 cm) of the rootstock

produced higher values of number of leaves

as well as graft height when compared to other

points of attachment on the rootstock (Table

1). A different trend was observed in collar

diameter  as scion attached to the 10 cm length

produced the highest values compared to other

points of attachment.

The effect of scion length was significant

(P<0.05) for all the parameters assessed (Table

2). The effect of point of attachment on

rootstock was significant on number of leaves

as well as scion collar diameter; though not

significant on graft height and rootstock collar

diameter. The interactive effect of scion and

rootstock was significant (P<0.05) for number

Figure I.   Influence of scion length and point of attachment on rootstock on the survival of grafted

Annona. muricata.  S1R1  =  5cm scion attached at the basal point (5 cm) on the rootstock;  S2R1 = 10

cm scion attached at the basal point on the rootstock; S3R1 = 15 cm scion attached at the basal point

on the rootstock; S1R2  =  5 cm scion attached at the middle point (10 cm) on the rootstock; S2R2 = 10

cm scion attached at the middle point on the rootstock;  S3R2 = 15 cm scion attached at the middle

point on the rootstock; S1R3 = 5 cm scion attached at the upper point (15 cm) on the rootstock;  S2R3

= 10 cm scion attached at the upper point on the rootstock;  S3R3 = 15 cm scion attached at the upper

point on the rootstock.
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TABLE 1.  Mean effect of scion length and point of attachment on rootstock on early growth of

grafted Annona muricata

Scion length      Rootstock length       NOL             GH (cm)        CDS (mm)       CDR (mm)

5 5 9.8b 8.96a 5.504b 7.678b

5 10 10.0b 13.32a 7.306a 5.714c

5 15 15.0ab 20.78a 4.652b 6.776bc

10 5 9.6b 8.4a 6.978a 5.748c

10 10 12.0b 13.66a 7.508a 7.534b

10 15 25.0a 20.52a 6.598a 9.372a

15 5 11.2b 7.76a 5.774b 5.774c

15 10 16.8ab 13.8a 7.528a 7.283b

15 15 22.0a 22.42a 5.668b 6.748bc

Mean with the same alphabet in a column are not significant different from each other according to

Fishermen least significant difference at 5% level of probability.  NOL = Number of leaves, GH = Height

of the graft.  CDS = Collar diameter of scion, CDR = Collar diameter of rootstock

TABLE 2.  Main effect of  scion length and point of attachment on rootstock on the growth of grafted

Annona muricata

Scion length (cm)                                           NOL                    GH                     CDS                     CDR

5 11.600b 18.840c 5.798b 6.692b

10 15.539a 25.100b 7.028a 7.551a

15 16.667a 31.286a 6.323ab 7.593a

Point of  attachment rootstock (cm)

5 10.200c 24.293a 6.239b 6.997a

10 14.667b 25.040a 7.271a 7.567a

15 18.933a 25.893a 5.639b 7.632a

Mean with the same alphabet in a column are not significant different from each other according to

Fishermen least significant difference at 5% level of probability.  NOL  =  Number of leaves, GH =

Height of the graft, CDS =  Collar diameter of scion, CDR =  Collar diameter of  rootstock

of leaves, collar diameter of scion and collar

diameter of rootstock.

Number of  leaves.  The effect of scion length

on number of leaves of grafted A. muricata

was significant (P<0.05) as the length varied

from 11.60 to 16.667, among the various scion

lengths (Table 2). The15 cm scion produced

the highest number of leaves (16.667), which

was closely followed by 10 cm scion with

average 15.539 leaves. The least number of

leaves (11.600) was observed with the 5 cm

scion length.

The effect of point of attachment on

rootstock was also significant (P<0.05) on

number of leaves produced. The highest mean

number of leaves (18.933) was observed at

point 15 cm on the rootstock; while the least

number of leaves was 10.200 at point 5 cm

on the rootstock.



F.B. YAKUBU  et al.82

The interactive effect of scion length and

point of attachment on rootstock was also

significant for the number of leaves produced.

The values ranged from 9.6 to 25.0 leaves with

the 10 cm scion attached to 15 cm rootstock

having the highest leaves while the combination

of 10 cm scion on 5 cm rootstock produced

the least number of leaves.

Height of grafts. The mean height of grafted

A.muricata varied from 18.84 to 31.28 cm

among the various scion lengths (Table 2).

Longest scion (15 cm) length produced grafts

with the highest mean height of 31.289 cm;

followed by 10 cm (25.100 cm); while 5 cm

scions recorded the least mean height of

18.840 cm.

The effect of point of attachment on

rootstock on graft height was not significant

on heights of grafts. Nonetheless, the upper

point (15 cm) tended to have the tallest graft

of 25.893 cm, followed by point 10 cm

(25.040 cm).

The interactive effect of scion length and

point of attachment on rootstock was not

significant for the height of graft (Table 1).

Nevertheless, the highest value of 22.42 cm

was observed in 15 cm scion attached to 15

cm rootstock  while the combination of 10

cm scion on 5 cm rootstock produced the least

graft height of 8.4 cm.

Scion diameter. The effect of scion length

on scion diameter of the graft was significant

(P<0.05), with values ranging from 5.79 to

7.03 mm. (Table 2). The highest mean value

was recorded in 10 cm   length (7.02 mm);

while the least scion diameter was recorded

in 5 cm length (5.798 mm).

In terms of point of attachment on

rootstock, the highest scion diameter (7.27

mm) was observed at middle point (10 cm)

on rootstock; while the least value was

recorded at upper point (15 cm) of attachment

on the rootstock. For the interactive effect of

scion length and point of attachment at

rootstock on scion diameter, a significant

effect was observed. The highest value  of

7.528 mm was observed in 15 cm scion

attached on point 10 cm on the rootstock.  This

was closely followed by 10 cm scion attached

to 10 cm rootstock. The least value (4.652

mm) of scion diameter was observed in 5 cm

scion attached to point 5 cm on the rootstock.

Rootstock diameter. The effect of scion

length on rootstock diameter was evident with

scion lengths of 10 cm (7.551mm) and 15 cm

(7.593 mm)  having similar effects, which

were significantly different  (P<0.05) from

length 5 cm (6.997 mm) (Table 2). The effect

of point of attachment on rootstock on

rootstock diameter was not significant, as the

three points produced similar effects on

rootstock diameter. The interactive effect of

scion length and point of attachment on

rootstock was also significant for rootstock

diameter. The 10 cm scion attached to point

15 cm on the rootstock favoured the rootstock

diameter as this produced the highest value of

9.372 mm.

DISCUSSION

The results of this study are an indication that

A. muricata can be successfully grafted. Scion

length and point of attachment on the rootstock

were revealed as important variables that

influenced the success rate and survival of A.

muricata grafts.   All the scion lengths evaluated

grew vigorously on all the point of attachment

tested on the rootstock.

Interaction between scion length and point
of attachment on rootstock.  Overall, the

15 cm scion length attached at upper part (15

cm) on rootstock has highest survival

percentage of 80% (Fig. 1), indicating that

insertion of long scions onto the upper part of

rootstocks supported survival of grafted A.

muricata and are more suitable for grafting.

The optimum value observed in treatment

combination S3R3 (15 x 15 cm) may suggest

the ease of developing good union between
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the cambium in both rootstock and scion, and/

or presence of adequate carbohydrates in both

scion and rootstock that may be proportionate

to enhance food resource partitioning, thus

facilitating good contact and bud growth.

Thokchom et al. (2019) also reported that 15

cm scion length and 15 cm grafting point on

the  Citrus reticulata recorded maximum values

in all the growth variables assessed. Since

rootstocks affect scion growth, which is an

important indicator of vigour differences

among rootstocks (Warmund et al., 2012),

inserting the scion at the upper rootstock was

successful in enhancing the vegetative growth

of the grafted A. muricata, by increasing the

number of leaves as well as the height of the

graft. The present study has revealed that 15

cm scion length attached at 15 cm graft height

to the rootstock was more suitable for graft

survival and growth of A. muricata as

indicated in the result The highest scion collar

diameter produced by 10 cm scion length

further confirmed   that the survival, as well

as growth of A. muricata graft, is affected by

the length of scion used in grafting.

Effect of point of attachment on the
rootstock.  Maximum value recorded at 15

cm graft point of attachment for number of

leaves and collar diameter (Table 2) may be

attributed to presence of flushing buds and

higher concentrations of photosyntates that

may facilitate bud initiation and subsequent leaf

growth. This is in agreement with the findings

of Thokchom et al. (2019) who noted that

graft height has significant influence on

survival and growth of Citrus reticulata, with

best performance recorded at 15 cm graft

height. Similar results were also observed in

apple grafts where 15 cm grafting point on

the rootstock gave the best result (Singh,

2000). Ogunwande et al. (2018), also observed

that the survival of Garcinia kola depended

on the position at which it was inserted on the

rootstocks, and that scion insertion at upper

part of rootstock enhanced the survival of the

grafts. The reason for lack of significant effect

of rootstock grafting point on height of graft

is unclear. However, scion insertion at the

upper part of rootstock (15 cm) had the tallest

grafts and significantly enhanced the leaf

growth which is the photosynthetic site of the

plant that is responsible for plant growth and

survival.

Effect of scion length.  A significant effect

of scion length was observed for all the

parameters assessed (Table 2). The growth

of A. muricata graft was influenced by scion

length, as the longest scion (15 cm) produced

the highest number of leaves, highest graft and

the highest rootstock collar diameter (Table

2). This result could be explained by the

possibility that the longest scion had a greater

number of matured buds where new shoots

could emerge, when compared to other

lengths. Initial bud break may depend on the

development of axillary buds and their maturity

sequence affected by the scion length

(Heenkenda et al., 2009). However,

Thokchom et al. (2019) attributed optimum

growth in longer scions of C. reticulata to

larger food reserves in tissues which facilitate

bud and leaf growth. This is similar to the

findings of Sadhu (1992) that scion length of

15 cm in Sapota produced taller grafts.

CONCLUSION

From the study, the survival and growth of

grafted A. muricata depends on the length of

scion used as well as point at which they are

attached on the rootstocks. The10-15 cm long

scion should be used and this should be

inserted at the upper part (15 cm) of the

rootstock for successful graft, survival and

growth of grafted A. muricata.
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