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Somatic embryogenesis (SE) and organogenesis are crucial in the development of disease free plants and genetic engineering. An
investigation was conducted on the ability of treatments containing a combination of 2,4-D and Kinetin to induce either SE or
organogenesis from cultured sweet potato cv Brondal leaves. Ten treatments were evaluated and each treatment had an exclusive
combination of 2,4-D (at 0.05, 0.1, 0.2, 0.5 or 1 mg/L) to kinetin (at either 0.1 or 0.5 mg/L). Callus initiation occurred earlier in
treatments containing higher hormonal concentrations. The 2,4-D to Kinetin ratio had a highly significant (p = 0.001) effect on
callus growth and proliferation. Increasing 2,4-D to Kinetin ratio promoted profuse explant callusing while increasing Kinetin to
2,4-D ratio suppressed callusing but encouraged organogenesis, in particular shoot production (treatment containing 0.05 mg/L
2,4-D and 0.5 mg/L Kinetin). Embryogenic calli were formed seven weeks after leaf culture in the treatment containing 0.5 mg/L
2,4-D and 0.1 mg/L Kinetin. The embryogenic calli that developed from this treatment emerged from previously nonembryogenic
calli. Plantlets produced via the SE pathway proved to be weak and unviable and died within four weeks of germination. In
contrast, plantlets produced under organogenesis were strong, grew vigorously, and could be subcultured several times. This
disparity may be accounted for by the fact that the cv Brondal embryos that developed under SE were not exposed to an embryo
maturation staged before plantlet germination was initiated. The maturation stage would have assisted embryos to reach
physiological maturity and a desired level of desiccation, both being critical elements in embryo to plantlet conversion. In this
experiment, cv Brondal regeneration from leaf explants was successfully achieved via organogenesis using 0.05mg/L 2,4-D and
0.5 mg/L Kinetin, and tentative steps towards development of SE based regeneration protocol were established using 0.5 mg/L 2,4-
D and 0.1 mg/L Kinetin.

1. Introduction

Sweet potato (Ipomoea batatas L.) is ranked as the seventh
most important crop after wheat, rice, maize, potato, barley,
and cassava [1]. The tuber bearing plant is vegetatively
propagated and is mainly cultivated for its storage roots [2].
Globally 128 million tonnes of sweet potato are produced
each year and these are used for human consumption and
animal feed [3] or in industry for starch extraction or ethanol
production [4]. The crop’s tubers are highly nutritious and
are rich sources of carbohydrates (37%), protein (1.6%),

vitamin A, vitamin B complex, vitamin C, folic acid, and
phosphorous (0.3%) [5]. In addition to being nutrient
fortified, sweet potato has proven to be an effective on-farm
food security crop to farmers [6]. In fact, smallholder
farmers in Zimbabwe depend on the sweet potato crop to
feed their families and to generate income through sell of
tubers and vines [6].

The importance of plant tissue culture techniques in
sweet potato propagation cannot be underscored. Tissue
culture has been used as a tool to preserve germplasm, in the
rapid production of disease free plant propagules [7, 8] and
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regeneration protocols have been used to aid in the genetic
improvement of sweet potato [9, 10]. Since the early 1980s
sweet potato regeneration has been reported for several
cultivars and has been proceeded via somatic embryogenesis
(SE) or organogenesis pathways [11, 12]. The SE pathway is
generally accepted to be the better route for plant regen-
eration since by its very nature, it tends to lead to the
production of a greater number of regenerates compared to
the organogenesis pathway [13, 14]. Furthermore, in genetic
engineering experiments, it is important to avoid the de-
velopment of chimeric plants and any possible escapes [15].
Regeneration via SE can help to achieve this ideal state as the
regenerated plantlets would have originated from a single
cell [12]. However, SE does have the disadvantage that due to
the prolonged culture requirements necessary to achieve
somatic embryogenesis, this can lead to somaclonal varia-
tion [16]. Here, organogenesis has an advantage over SE as
the plantlets regenerated via organogenesis not only grow
faster but also tend be true to type [17, 18].

Since regeneration is genotype dependent and sweet
potato cultivars generally tend to be recalcitrant to re-
generation, it becomes important therefore to develop
regeneration protocols that specifically suit local sweet
potato cultivars. Although Zimbabwe’s highest yielding
sweet potato cv Brondal has been regenerated using the
organogenesis pathway [19], it would be of paramount
importance to be able to regenerate this cultivar via SE as
this would facilitate the improvement of the crop via ge-
netic engineering. The objective of this study is to develop a
somatic embryogenesis regeneration protocol for Zim-
babwean sweet potato cv Brondal using leaves as explants.
Ten (10) hormonal treatments composed of 2,4-D and
Kinetin combinations were evaluated on effect on time to
callus initiation, callus growth/proliferation, callus type,
and mode of plantlet regeneration.

2. Materials and Methods

2.1. Planting Material. Field growing sweet potato cv
Brondal vines were obtained from Agribiotech (Pvt, Ltd),
Harare, Zimbabwe. All the leaves attached to the vines were
removed and the leafless vines were cut into three nodal
sections, 4-6 cm long. The nodal cuttings were then washed
with soapy water to remove surface debris adhering to the
explants. Next the cv Brondal segments were placed under
running tap water for three hours in order to create an
isotonic solution inside the plant segment. After the wash
stage, the cv Brondal segments were surface sterilized in
20% sodium hypochlorite (jik) solution for 15minutes.
This procedure was performed in the Laminar Airflow
Hood (L.A.H. model Slee London). The sterilized vine
segments were then rinsed thrice with sterile distilled water
to remove the disinfecting jik. After sterilizing the forceps
and blade with a Bead sterilizer (Simon Keller AG, steri 350
at 250°C), forceps were then used to move the sterilized
stem sections into jam jars containing a basal media of
cotton and 2% sucrose. After four weeks, the cultured vines
had produced sufficient mother stock plants to be sub-
cultured onto plain solid Murashige and Skoog (MS) [20]
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media with 2% sucrose. The subcultured plants were then
allowed to grow for a further four weeks. During the second
round of subculture, the leaf explants were isolated into
Petri dishes that contained the 10 hormonal media treat-
ments listed in Table 1.

2.2. Culture Media Preparation. Leaf explants were cultured
onto solid media containing MS prescribed salt nutrients
supplemented with 100 mg/L Myo-inositol, 2 mg/L Glycine,
1 mg/L Nicotinic acid, 1 mg/L Pyridoxine, 0.2 mg/L Thia-
mine, 30 g sucrose, and 10 g/L agar. Two growth regulators
2,4-D and Kinetin were then added to the MS to make up the
respective treatments as outlined in Table 1. Stock solutions
for the two hormones were made by dissolving 50 mg
hormone in small amounts of 0.5 M NaOH for kinetin and
small amounts of ethanol for 2,4-D. When the hormones
had dissolved, the stock solution volume was brought up to
50 ml to make 1mg/ml stock solutions. Once hormones
were added to the MS media, distilled water was then added
to bring up the volume to a litre of media. Next, pH was
adjusted to pH 5.6-5.8 using 0.1 M NaOH and 1M HCI
solutions. The prepared media was then sterilized by
autoclaving for 15 minutes at 121°C then poured into Petri
dishes (25 ml of media into each).

Whole leaves measuring between 5-6 mm were selected
for culture on the hormonal media treatments. Once the leaf
explants were placed onto the Petri dishes, they were then
macerated slightly to aid diffusion of hormones into the
leaves before being partially embedded into the media with
the midrib facing downwards. Each Petri dish had ten leaves
in it and there was one Petri dish per treatment per block in
three blocks. This made a total of 300 experimental units.
The experiment was laid out as a randomized complete block
design (RCBD) with 10 treatments.

2.3. Statistical Analysis. Data obtained was subjected to
analysis of variance as suggested by Snedecor and Cochran
[21]. Means were separated by using 5% least significant
difference (LSD). To improve the normality of the data,
transformation was done as suggested by Snedecor and
Cochran [21].

3. Results

3.1. Experimental Focus 1. The experimental focus 1 was on
the effect of hormonal treatments on length of time required
to observe explant response, callus initiation, compact calli,
and embryogenic calli formation under culture conditions.

Within six days of culture, leaf explants in nine of the 10
treatments used exhibited a swollen appearance. This ob-
servation, however, was absent in treatment 6 whose ex-
plants remained unresponsive to treatment conditions but
instead remained fresh green. On calli initiation, it took
treatments 1, 2, 3, 4, and 5 less than 19 days to initiate callus
formation from cultured leaves (Figure 1). In contrast,
treatments 7, 8, 9, and 10 took between an average of 21 days
to initiate callus formation from leaf cultures (Figure 1).
Seven weeks after leaf culture, the nature of calli formed
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TaBLE 1: Treatment number and corresponding 2,4-D to Kinetin concentrations and ratios in MS Media used in callus initiation, callus
growth/proliferation, and plant regeneration from cultured cv Brondal leaves.

2,4-D: Kinetin

Treatment number 2,4-D (mg/L) Kinetin (mg/L) Ratio
1 0.05 0.1 1:2
2 0.1 0.1 1:1
3 0.2 0.1 2:1
4 0.5 0.1 5:1
5 1.0 0.1 10:1
6 0.05 0.5 1:10
7 0.1 0.5 1:5
8 0.2 0.5 1:2.5
9 0.5 0.5 1:1
10 1.0 0.5 2:1
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FIGURE 1: Time taken (in days) to initiate compact/embryogenic callus formation from cultured sweet potato cv Brondal leaves.

under treatment 4 began to shift from being non-
embryogenic in nature to embryogenic. No such shift in calli
characteristics was noted for the rest the treatments, even
after 15 weeks of continued observation. During the entire
period of culture, treatment 6 produced no callus phase at
all.

3.2. Experimental Focus 2

3.2.1. Effect of Hormonal Treatments on Callus Growth and
Proliferation. All treatments used in the study had the
ability to promote callus formation from the cultured leaf
explants except for treatment 6. The treatments had a highly
significant (p = 0.001) effect on callus diameter and calli
height (Figure 2). For calli height, the treatments fell into five
distinct groups, and each group is significantly (p = 0.001)
different from the other. Treatments 7, 8, and 10 produced
calli with the lowest heights of 0.37 cm, 0.40 cm, and 0.39 cm,
respectively, and thus could be clustered together. Treat-
ments 5 (calli height at 0.62cm) and 9 (calli height at
0.63 cm) could also be congregated together as there were
not significantly (p>0.05) different from each other.

Treatments 2 and 3 were not significantly different from each
other with treatment means of 1.21cm and 1.22cm, re-
spectively. Treatments 1 and 4 each fell into individual
groups with treatment means of 1.13cm and 1.59cm,
respectively.

Analysis of calli diameter showed treatments having a
highly significant (p = 0.001) different from each other. The
treatments could also be placed into eight distinct groups
with four of these groups overlapping. Where calli diameter
was concerned, treatment 2 and 3 were not significantly
different from each other, having treatment means of
1.76 cm and 1.85 cm, respectively. Treatments 1, 4, and 10
each fell into individual groups having treatment means of
1.63 cm, 2.1 cm, and 0.96 cm, respectively. Treatment 8 (with
calli diameter of 1.26cm) and treatment 7 (with calli di-
ameter of 1.21cm) appear as individual groups which
overlap each other. Likewise, treatment 5 (calli diameter of
1.37 cm) and treatment 9 (calli diameter of 1.31 cm) appear
as individual groups that overlap with each other. Treatment
6 was excluded from the analysis as the treatment had no
callus phase. The effect of different 2,4-D to Kinetin con-
centrations on number of plants regenerated from cultured
cv Brondal also varied (Figure 3).
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FiGure 2: Effect of different 2,4-D to Kinetin concentrations and ratios on callus growth and proliferation (in cm).
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FiGure 3: Effect of different 2,4-D to Kinetin concentrations and ratios on number of plants (viable and nonviable) regenerated from

cultured sweet potato cv Brondal leaves.

3.3. Experimental Focus 3

3.3.1. Effect of Hormonal Treatments on Callus Morphology
and Classification. Three distinctively different calli (in
terms of type, nature, colour, morphology, and texture)
developed from the cultured leaf explants under the 10
hormonal treatments used (Table 2). The calli that developed
under treatments 1, 2, and 3 exhibited similar characteristics.
These first three treatments produced calli that was compact,
translucent green in colour, and nonembryogenic in nature
(Table 2). Treatments 5, 7, 8, 9, and 10 also had calli that
exhibited similar characteristics. The calli under these 5
treatments was deep green in colour, compact in texture, and
nonembryogenic in nature. Treatment 4 produced an en-
tirely unique type of calli which was nonembryogenic in
nature in the first seven weeks of culture. However, after the
seventh week, the top portion of this nonembryogenic calli
began to exhibit embryogenic calli characteristics as depicted
in Figure 4. The calli under treatment 4 had an off-whitish
colour and was compact in texture. In sharp contrast to the

rest of the treatments, treatment 6 produced no calli phase at
all during the entire 15weeks of culture.

3.4. Experimental Focus 4

3.4.1. Effect of Hormonal Treatments on Total Number of
Plantlets Regenerated and Number of Viable Regenerated
Plantlets. Of the 10 treatments used to induce plantlet re-
generation only two, treatment 4 and treatment 6 were ca-
pable of encouraging plantlet development from cultured cv
Brondal leaf explants (Figure 3). The rest of the treatments 1,
2,3,5,7, 8,9, and treatment 10 failed to induce plant re-
generation (Figure 3). Treatment 6 produced an average of 22
plantlets per 30 leaf explants cultured compared to treatment
4 which produced over 60 plantlets per 30 leaf explants
cultured. All plantlets developed under treatment 6 proved to
be viable, established successfully when isolated from the
mother leaf explant and continued to function independently
and be subcultured several times (Figure 4). This, however,
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TaBLE 2: Effect of different 2,4-D to Kinetin ratios on callus colour, morphology, and subsequent classification of calli that developed from

cultured sweet potato cv Brondal leaves.

Media type Calli colour

Calli morphology/texture Calli classification

Treatment 1
Treatment 2
Treatment 3

Translucent green
Translucent green
Translucent green
Treatment 4 Off-white
Treatment 5 Green
Treatment 6 *

Treatment 7 Green
Treatment 8 Green
Treatment 9 Green
Treatment 10 Green

Compact Nonembryogenic
Compact Nonembryogenic
Compact Nonembryogenic
Compact Embryogenic

Compact Nonembryogenic

* *

Compact Nonembryogenic
Compact Nonembryogenic
Compact Nonembryogenic
Compact Nonembryogenic

*Media did not produce a callus phase from the cultured leaf explants.

FIGURE 4: Somatic embryogenesis initiation and subsequent plantlet regeneration from cv Brondal leaves cultured on MS media sup-
plemented with 0.5 mg/L 2,4-D and 0.1 mg/L Kinetin which is Treatment 4; (A) 10 slightly macerated leaf explants/Petri dish. (B) Cluster of
spherical immature somatic embryos. (C) The development of a suspensor from a basal embroyogenic cell. (D) A four-cell embryo at the
quadrant stage of development (indicated by arrow). (E) Cluster of torpedo shaped embryos. (F) Shoot germinating from a mature embryo.
(G) Plantlet development, arrow points to emerging leaves exhibiting a tinge of red, a typical characteristic of cv Brondal leaves. (H) Arrow

pointing to apical meristem on regenerated cv Brondal shoot.

was not the case with the plantlets produced under treatment
4. Despite the high number of plantlets produced under
treatment 4, none of these proved to be viable as the plantlets
failed to develop into fully functional plants, e.g., fully ex-
panded leaves or any roots (Figure 5). Instead, plantlets
regenerated on treatment 4 began to dry up three weeks after
germination (beginning at the apical meristem) despite
several media changes to try to sustain the plantlets.

4. Discussion

Genotype, tissue type, and developmental stage of donor
plant are strong determining factors in how an explant
responds to stimuli from auxin or cytokine [22]. In this
study, the effect of varying the 2,4-D to Kinetin ratio was
assessed in order to determine treatment ability to induce
either somatic embryogenesis or organogenesis from cv
Brondal leaf tissues. The effect of each treatment on callus

initiation, callus proliferation, and nature of callus produced
and ability to regenerate viable shoots from cultured cv
Brondal leaves was also assessed.

Tissue response time to culture conditions and callus
induction was much earlier in treatments containing higher
concentrations of 2,4-D and Kinetin compared to those
treatments with lower hormonal levels. Likewise, Sefasi
et al.[14] and Sivparsad and Gubba [12], while working with
sweet potato landraces observed a strong positive correlation
between explant response, callusing, and increased hormone
concentration. This observation may be due to the fact that
2,4-D [23] and Kinetin [24] are strong promoters of cell
division and expansion and that higher levels of these
hormones in media would elicit quicker response and cal-
lusing in cultured explants.

In the experiment, it was also observed that increasing
the 2,4-D to Kinetin ratio promoted profuse explant cal-
lusing. This was in keeping with the findings of Vahedi
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FiGure 5: Direct and indirect organogenesis and subsequent plantlet regeneration from cv Brondal leaves cultured on MS media sup-
plemented with 0.05mg/L 2,4-D and 0.5 mg/L Kinetin which is Treatment 6; (A) Callus and root development from cultured Brondal leaf
explants. (B) and (C) Extensive rhizogenesis without an intermediate callus phase on MS media supplemented with 0.05mg/L 2,4-D and
0.5 mg/L Kinetin. (D) Two separate plantlets regenerating from a single leaf explant (indicated by arrow). (E) Shoot development. Arrow
points to the leaf explant (now dried up) from which a shoot originated. (F) A plantlet and roots emerging directly from a cultured leaf

explant.

et al.[25] and Rashid et al.[26] who were working on Saffron
and wheat, respectively. Decreasing the 2,4-D to Kinetin
ratio, however, leads to the suppression of callus formation
promoting direct organogenesis. This observation also
concurs with the findings of Vahedi et al.[25] who found that
as the Kinetin concentration kept being increased relative to
the 2,4-D levels, Saffron explants by-passed the callus phase
to initiate organogenesis. This trend may be explained by the
fact that Kinetin is a known suppressor of callus formation.

Two morphologically distinct calli, either embryogenic
or nonembryogenic in nature, emerged when cv Brondal
leaves were subjected to varying 2,4-D to Kinetin ratios. In
the case of cv Brondal, embryogenic calli could only be
encouraged when 2,4-D to Kinetin levels were high, 0.5 mg/L
2,4-D and 0.1 mg/L Kinetin. Any further increases in 2,4-D
to a constant Kinetin was not beneficial as it tended to
discourage embryogenic calli formation. In fact, similar to
the study’s findings of Sabeti et al. [27] working on American
Ginseng found that a high auxin to cytokine level inspired
somatic embryogenic calli formation. Both studies also
showed that, a low auxin to cytokine would depress calli
formation altogether and promote direct organogenesis.
However, contrary to this study’s findings, Das et al.[28]
found while working with B. racemosa that somatic embryos
could be induced when the Kinetin to 2,4-D levels were equal
and even when Kinetin levels were twice as high as 2,4-D.
This difference in tissue response could be attributed to the
fact that tissue response to hormones is usually genotype
specific.

During the induction of somatic embryos from cultured
cv Brondal leaves, the calli had to pass through a non-
embryogenic phase before achieving embryogenic status.
Although this is not a usual occurrence in most plant species
[12], it has been known to take place in several Chinese and

Japanese sweet potato cultivars. In fact, Karamian and
Ebrahimzadeh [11] found this to be a common feature es-
pecially when shoot tips were used to initiate culture.
Karamian and Ebrahimzadeh [11] highlighted that shoot
tips in culture would first yield nonembryogenic calli before
converting into embryogenic calli. This study postulate here
that since the cv Brondal calli was not subcultured but
maintained continuously on the original culture plate, the
nonembryogenic calli could have acquired the ability to
convert to embryogenic calli due to depleting hormonal
levels within the original culture media. In support of this,
Karamain and Ebrahimzadeh [11] stated that lowered levels
of auxins aid in the growth resumption of preembryogenic
cells, promoting possible development into embryos.
Plantlets produced via the SE pathway proved to be
weak, unviable, and died within four weeks of germination.
Although the plantlets had visible apical meristems, the
plantlets could not develop beyond the two-leaf stage. This
lack of further development might be due to the fact that the
embryos were isolated from induction media and placed
directly onto plant recovery media without any intervening
maturation phase. Mazri et al.[29] has suggested that for
successful conversions to plantlets, it was essential for so-
matic embryos to first go through a maturation period which
enables the embryos to reach physiological maturity. Fur-
ther, in cases where 2,4-D was used to induce SE, the embryo
maturation period should be conducted on supportive
media containing activated charcoal to absorb any
remaining 2,4-D. The auxin 2,4-D has been found to actively
inhibit embryo conversion and plantlet recovery [29, 30].
Contrary to the behavior of SE regenerates, plantlets
regenerated via direct organogenesis grew vigorously strong,
readily rooted, and could be subcultured several times. This
difference in behavior between the plantlets regenerated via
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SE and organogenesis could be that in direct organogenesis,
the developing plantlets were also obtaining their nutrition
from the initial cultured explant leaf, a form of photo-
mixotrophy [31], as the leaf appeared to shrivel up while the
plantlet thrived. Yaseen et al.[5] also highlighted that en-
dogenous carbohydrate pools may play important roles in
the morphogenesis of several plant species.

5. Conclusion

In this study sweet potato c¢v Brondal plantlets were suc-
cessfully regenerated using both the organogenesis and
somatic embryogenic pathways depending on the 2,4-D to
Kinetin hormone ratio used in culture media. Direct or-
ganogenesis was achieved by culturing leaf explants onto MS
media containing 0.05mg/L 2,4-D and 0.5mg/L Kinetin
while SE was initiated by using 0.5 mg/L 2,4-D and 0.1 mg/L
Kinetin in media. Overall, plantlets produced under direct
organogenesis became fully independent plants, grew vig-
orously strong while in contrast plantlets produced under SE
were weak and died within four weeks of germinating.
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