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ABSTRACT 

Large scale productions of miracle fruit (Synsepalum dulcificum) faces some restrictions as the seeds are 
recalcitrant and propagation by cuttings is difficult to root. When grown from seed, miracle fruit takes 3 to 4 years 
to begin fruiting. A propagation technique by cuttings needs to be devised to produce early fruiting planting 
materials. However there has been no report on the rooting performance of miracle fruit stem cuttings using 
Indole-3-Butyric Acid (IBA) and the location of root primordia initiation is unknown. Softwood miracle fruit 
cuttings were treated with five IBA concentrations (0, 200, 400, 600 and 800 mg L

−1
) and placed in a propagation 

area with intermittent mist. Data for percentage of rooting (%), mean root numbers per rooted cutting, mean root 
length per rooted cutting (cm) and root dry weight per rooted cutting (g) were collected 3 months after planting. 
Thirty softwood cuttings were propagated for histological study. The basal 5 mm of three cuttings were harvested 
randomly weekly. The specimens were sectioned and the cross sections were viewed to locate the root primordia 
initiation. Callus formation started three weeks after sowing and the adventitious roots emerged from the basal 
end eight weeks after planting. High concentration of IBA treatment was significantly increase the rooting 
percentage when compared with other treatments. Anatomy of stem 800 mg L

−1
 day 0 showed the phloem was 

surrounded by 2-3 layers of fibers. Root primordial developed from the secondary phloem and penetrated the 
fiber layers 5 weeks after planting. IBA concentrations gave little effect in roots initiation and development of 
miracle fruit. Root primordial was developed from the secondary phloem and surrounded by fiber layers was 
could hinder its emergence. However, IBA applications promoted cell expansion and proliferations which able to 
break the fiber layers and allowed the root primordial to emerge.  
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1. INTRODUCTION 

Miracle fruit (Synsepalum dulcificum Daniell family: 
Sapotaceae) is a tropical evergreen shrub or small tree 
indigenous to tropical West Africa (Ayensu, 1972; Duke 
and DuCellier, 1993; Keay, 1992; Opeke, 1982). The 
plant can be found growing in partial shade area under 
the canopy of the rain-forest in its native habitat and is 
able to tolerate full sunshine and drought (Duke and 
DuCellier, 1993).  

Miracle fruit tree produces small ellipsoid berries (2-

3 cm long) throughout the year (Fig. 1A). The fruits turn 

bright red when ripe with a thin layer of edible pulp 

surrounding an elongate-ovoid shape seed. The seed coat 

is hard and smooth with dark brown to black colour (Fig. 

1B). The most unusual thing about the fruit is the 

extraordinary effect of the fleshy pulp on the taste buds 

of the tongue that makes every sour or acidic food eaten 

or drunk to taste very sweet. The pulp contained 

miraculin, a glycoprotein which exhibits the taste-

modifying activity when it reacts with acid substances in 

the mouth (Kant, 2005; Temussi, 2006). Miracle fruit 

could possibly help diabetic people in eating sweet food 

without taking in sugar and has been investigated as a 

possible source for a natural food sweetener (Kant, 2005). 
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Fig. 1. Synsepalum dulcificum (Sapotaceae): (A) red ellipsoid 

ripen berry, (B) dark brown to black colour seeds with 

hard seed coat 
 

 
 
Fig. 2. Synsepalum dulcificum: (A) Pyramidal tree form, (B) 

flowers produced in cluster at the axillary bud, (C) 

downward-facing flowers are solitary, nearly sessile and 

fragrant, (D) a five years old plant with red berries 

 

 Miracle fruit has been cultivated not only for its fruit 
but also as an ornamental plant. The tree form of 
Synsepalum dulcificum is cone or pyramid shape (Fig. 
2A). The moderate growth rate and free branching 
characteristic of this plant make it a potential 
ornamental small tree or shrub, hedges and potted 
plant for urban planting. Pruning is not necessary 
since it is bushy becoming a beautiful tree form 
naturally. Besides that, the miracle fruit plant also can 
be trained into a bonsai or topiary. Synsepalum 
dulcificum has red to orange colour young leaves 
which adds  to the  aesthetic  value  of  the plant. The 
plant produces fragrance flowers (Fig. 2B and 2C) and 
edible fruits (Fig. 2D) all year round; thus it is a good 
candidate for a fragrant garden or edible garden. The 
miracle berries turn bright red when ripen and makes the 
tree a stunning and attractive ornamental plant. The plant 
also attracts birds to feed on its berries. 

Large scale productions of miracle fruit faces some 
restrictions as the seeds are recalcitrant and propagation by 
cuttings is difficult to root. Most of the miracle fruit plants 
available in the market are grown by seeds but the growth 
of the seedlings is slow at nursery stage (Duke and 
DuCellier, 1993). A one year old plant often is only 5-7.5 
cm tall and it takes 3 to 4 years for the plant to reach 35-50 
cm tall and then growth is more rapid (Joyner, 2006). 
When grown from seed, Synsepalum dulcificum took 3 to 
4 years to reach maturity and begin to bear fruit whereas 
plants grown from stem cuttings started to bear fruit 
earlier (Joyner, 2006). A propagation technique by 
cuttings needs to be devised to produce early fruiting 
planting materials (Duke and DuCellier, 1993). Auxins are 
well known phytohormone in promoting adventitious root 
from stem cuttings of tree species (Kesari et al., 2009). 
Indole-3-Butyric Acid (IBA) is the best synthetic auxin for 
general use because it is nontoxic to plants over a wide 
range of concentration (Hartman, 2002). Although IBA 
was proven effective in promoting rooting in woody plant 
species (Kesari et al., 2009) however there has been no 
report on the rooting performance of Synsepalum 
dulcificum stem cuttings using IBA. The objectives of this 
study are: to investigate the optimum IBA concentrations 
in promoting rooting of miracle fruit cuttings and to 
identify the location of root primordia initiation.  

2. MATERIALS AND METHODS 

One hundred and twenty five softwood miracle fruit 
cuttings measured 1 to 2 cm in length with 3 to 5 nodes and 
3 to 4 leaves were collected 5 weeks after the tree flushes. 
The cut were made just below a node and treated with five 
IBA concentrations (0, 200, 400, 600 and 800 mg L

−1
) using 

the quick-dips method as mentioned by Hartman (2002). 
River sand was used as rooting media and treatments were 
arranged in a Randomized Complete Block Design (RCBD) 
with 5 cuttings in each treatment and replicated five times. 
A high humidity environment (70-90% RH) with 90% 
shade was provided in the propagation area where 
intermittent mist was supplied for 15 min at 45 min 
intervals from 0700 to 1900 daily. Any flower buds that 
developed from the cuttings were removed throughout the 
experiment. Data were collected for percentage of rooting 
(%), mean root numbers per rooted cutting, mean root 
length per rooted cutting (cm) and root dry weight per 
rooted cutting (g) were collected 3 months after planting. 
Data in percentage was subjected to arcsine transform 
before analyzed with analysis of variance (ANOVA) using 
Statistical Analysis System (SAS) version 9.1 and means 
were separated by (SAS institute Inc. Cary, NC, USA).  
Thirty softwood cuttings were propagated for histological 
study. Three cuttings were harvested randomly weekly. The 
basal 5 mm of the cuttings were harvested and fixed in 
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Formalin Acetic Acid (FAA) for 3 days. Specimens were 
processed according to the method developed by Johansen 
(1940). Specimens were placed in high pressure (630 mm 
Hg) vacuum oven for four hours and dehydrated in Tertiary 
Butyl-Alcohol (TBA) series. Wax infiltration was carried 
out and specimens were embedded before being sectioned 
with a rotary microtome. The specimens were sectioned 
into 8-10 µm thick and stained with Safranin O and Fast 
Green (FCF) dyes. Cross sections were viewed and 
recorded using a digital camera attached to an optical 
microscope under the control of computer. 

3. RESULTS 

Softwood cuttings began to form callus three weeks 
after planting and the adventitious roots emerged eight 
weeks after planting. Sparse fleshy adventitious roots arise 
from each rooted cuttings 3 months after planting (Fig. 3). 
High concentration of IBA (800 mg L

−1
) treatment 

increased the rooting percentage of softwood miracle fruit 
cuttings (Table 1). Cuttings treated with 800 mgl

-1
 IBA 

gave the highest rooting percentage where 23.65±0.20% of 
cuttings was rooted when compared to other treatments. 800 
mg L

−1
 IBA treated cuttings also gave the highest mean root 

length per rooted cutting (10.73±3.57 cm), highest root dry 
weight per rooted cutting (0.28±0.57) and the highest mean 
root numbers per rooted cutting where 2.50±0.92 roots per 
rooted cutting were obtained (Table 2). However, the 
ANOVA shows that the mean root numbers per rooted 
cutting, mean root length per rooted cutting and root dry 
weight per rooted cutting are not significantly different 
among treatments (Table 1).  

Cross sections of stem cutting at day 0 showed the 
normal juvenile stem organization (Fig. 4A).  The cortex is 

multi-layered and makes up one-fifth of the stem diameter, 
phloem was surrounded by 2-3 layers of fibers (Fig. 4B) 
which also reported by Ayensu (1972), xylem consists of 
continuous cylinder with narrow uniseriate rays and pith 
composed of thick-walled cells with laticiferuous ducts. 
Callus was first detected in the cortex 3 weeks after cuttings 

were planted. Cell proliferation occurs in the cortex region 
near to the fibers layer and phloem (Fig. 4C). Root 
primordia developed from the secondary phloem with a 
dome-shape apex and penetrated the cortex 5 weeks after 
the cuttings were sowed (Fig. 4D). 
 

 
 
Fig. 3. Softwood miracle fruit cuttings of Synsepalum 

dulcificum showing sparse primary roots (from left to 

right: 0, 200, 400, 600 and 800 mgL−1 IBA) 

 

Table 1. Analysis of variance testing effects of IBA concentrations on rooting percentage, mean root numbers per rooted cutting, mean 

root length per rooted cutting and root dry weight per rooted cutting of softwood miracle fruit cuttings 3 months after planting 

 Mean square 

 ------------------------------------------------------------------------------------------------------------------------------- 

Sources Rooting No. of roots Root length Root dry weight 

of variation (%) per rooted cutting per rooted cutting per rooted cutting 

Block 0.8821 ns 0.5395 ns 0.6894 ns 0.75904 ns 

IBA concentrations 0.0988 * 0.4059 ns 6.2067 ns 0.6503 ns 

Values followed by * are significant at p<0.05. Values followed by ns are non significant at p< 0.05 

 

Table 2. Rooting percentage, mean root numbers per rooted cutting, mean root length per rooted cutting and root dry weight per 

rooted cutting of softwood miracle fruit cuttings under different IBA concentrations  

IBA Rooting No. of roots Root length per Root dry weight 
(mg L−1) (%) per rooted cutting rooted cutting (cm) per rooted cutting (g) 

0 0.86±0.86b 0.60±0.60a 2.26±2.26a 0.08±0.08a 
200 10.04±1.88ab 1.60±0.75a 2.45±1.76a 0.12±0.08a 
400 0.86±0.86b 0.80±0.80a 2.80±2.80a 0.14±0.14a 
600 13.14±0.86ab 2.20±0.86a 7.62±3.35a 0.25±0.12a 
800 23.65±0.20a 2.50±0.92a 10.73±3.57a 0.28±0.57a 

Mean values ± Standard Error (S.E.). Mean values followed by the same letter within a column are not significantly different (p≤ 

0.05 using Duncan Multiple Range Test) 
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Fig. 4. Cross section of stem of Synsepalum dulcificum: (A) at 

day 0 under 40x magnification. Boxed region appears 

in (B) at 200x magnification, illustrating fibers layer 

(f), phloem (ph), pith (pi), laticiferous duct (L), xylem 

(x) and vascular cambium (c). (C) Illustrating callus 

(ca) occurred in cortex (co) near the fibers layer and 

phloem at week 3 under 100x magnification. (D) 

Illustrating root primordial (rp) with a dome-shape apex 

developed from the secondary phloem and penetrated the 

cortex layer at week 5 under 200x magnification. Scale 

bars: A = 1000 µm, B and D = 200 µm and C = 500 µm 

4. DISCUSSION 

 The miracle fruit cuttings obtained from matured 

plants produced flower buds throughout the study period. 

Flower development can serve as a competing sink to the 

detriment of rooting (Hartman, 2002). Flowering capacity 

of cuttings indicates the maintenance of mature state and 

lack of rejuvenation of cuttings (Kesari et al., 2009). 

Rooting potential of the cuttings in woody tree species is a 

juvenile characteristic and the rooting capacity declines 

when the tissues in the cuttings unable to rejuvenate 

(Kibbler et al., 2004). A micro propagation study 

conducted by Ogunsola and Ilori (2008) indicated that it 

was difficult to induce rooting of Synsepalum dulcificum 

through nodal explants from mature plants and seedlings. 

They suggested that this attribute to the difficulty in 

rejuvenating mature tissues of woody species. 

Auxin plays an important role in adventitious root 

development on cuttings. Successful adventitious root 

formation and development of cuttings are highly 

depending on endogenous and exogenous auxin levels 

(Kochhar et al., 2005; Ludwig-Muller, 2000). Synthetic 

auxin application on cuttings has been found to increase 

rooting percentage and number of adventitious roots 

per rooted cutting (Kesari et al., 2009; Patricio et al., 

2006). Indole-3-Butyric Acid (IBA) has been proven 

effective on propagation of woody tree species  

(Kesari et al., 2009; Patricio et al., 2006; Elkhalifa and 

Al-Mufarrij, 2006; Amissah et al., 2008). Previous 

studies showed that the rooting percentage increased 

with the increasing of IBA concentrations (Kesari et al., 

2009; Lemay et al., 2009). Such pattern was observed in 

this study where softwood miracle fruit cuttings treated 

with high concentration of IBA give higher rooting 

percentage. Synsepalum dulcificum is a difficult-to-root 

plant (Duke and DuCellier, 1993). According to Hartman 

(2002), difficult-to-root plants lack of rooting 

morphogens and/or the cells are not responding to the 

morphogens even though natural auxin may or may not 

present in ample amount. Exogenous auxin application 

on the cuttings gives little or no rooting enhancement. 

Presence of physical barriers could inhibit the 

adventitious root emergent in difficult-to-root plant 

(Beakbane, 1961; Edwards and Thomas, 1980). In 

difficult-to-root species, dead sclerenchyma cells 

surrounded between the phloem and cortex in the stem 

and the sclerenchyma ring develops as the stem matures 

and gets older. It was found that impenetrable 

sclerenchyma ring could act as a barrier to block root 

emergence (Hartman, 2002). A study conducted by 

Amissah et al. (2008) indicated that cell expansion 

and proliferation in cortex, phloem and cambium able 

to break the continuous layer of sclerenchyma tissue. 

In this study, fiber layers found around the phloem of 

softwood miracle fruit stem act as a barrier to block 

root emergence from the phloem. However, IBA 

application found to be able to promote cell expansion 

and proliferation in cortex which subsequently break 

the fiber layers.  

5. CONCLUSION 

Synsepalum dulcificum is a difficult-to-root tree 
species. Lack of rejuvenation of mature tissues in stem 
cuttings reduce the rooting capability of miracle fruit. 
However, present study showed that 800 mg L

−1
 of IBA 

treatments were effective in increasing the rooting 
percentage of miracle fruit cuttings.  For the adventitious 
roots initiation and development of miracle fruit 
softwood cuttings, root primordial was found developed 
from the secondary phloem and surrounded by fiber 
layers which could hinder its emergence. However, IBA 
applications promote cell expansion and proliferations 
which able to break the fiber layers and allowed the root 
primordial to emerge.  
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