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ABSTRACT

Shea nuts play an important role in food security for rural folks within sub-Sahara Africa, serving as the main
source of income for many people living in Northern Ghana. Unfortunately, the full economic potential of the
Sheanut tree has not been fully realized due to the difficulty involved in its domestication. This difficulty in
vegetatively propagating sheanut trees has greatly hindered its cultivation and the realization of its true eco-
nomic potential. Two experiments were conducted to investigate the effects of rooting media and varying indole
3-butyric acid (IBA) concentrations on adventitious root formation in cuttings taken from coppiced sheanut trees.
Results indicated that 3000 ppm produced significantly (p < 0.05) better rooting (57.5%) than 5000 ppm (30%0),
7000 ppm (45.0%) and the control (7.5%). Although the levels of soluble sugars (SS) and total free phenols (TFP)
in the cutting were significantly (p < 0.05) higher at the end of the experiment (after IBA treatment) compared to
the start (prior to IBA treatment), the SS and TFP trends observed did not clearly explain the rooting differences
found between the IBA levels investigated. Callus formation was significantly (p < 0.05) higher (35.0%) in the
control (no IBA). Generally, callus formation decreased with increasing IBA concentration. In the rooting media
experiment, rooting was significantly (p < 0.05) higher in the rice husk medium (35.0%) compared to that in the
palm fiber (18.3%), saw dust (14.1%) and top soil (16.7%) media.
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1. Introduction

The economic and social importance of the shea nut tree
(Vitellaria paradoxa) to the local people in sub-Saharan
Africa cannot be emphasized enough. The sheanut tree
has gained recognition because of the heavy demand for
its butter, both locally and internationally.

Shea nuts play an important role in food security for
rural folks within sub-Sahara Africa. It serves as the
main source of livelihood for many people living in
Northern Ghana [1], especially since it becomes avail-
able during the period of food scarcity (April to July each
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year). With all the social and economic importance of the
sheanut tree, its nuts are still collected from the wild be-
cause sheanut trees have a long juvenile phase (period
before flowering), that lasts anywhere from 10 to 25
years deterring farmers from cultivating the plant. Tree
growth from seed is slow, reaching maturity after ap-
proximately 30 years [2], with an average life span of
250 years. The difficulty involved in vegetatively propa-
gating sheanut trees has limited the cultivation of supe-
rior high-yielding and early-maturing types, and has hin-
dered its domestication.

At present, the most reliable method for propagating V.
paradoxa is from seed. This method of propagation is not
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without problems as sheanut seeds are recalcitrant and
lose their viability shortly after harvest. Vegetative propa-
gation has an advantage over sexual propagation in en-
suring the perpetuation of true-to-type high yielding
progenies and for producing uniform rootstocks for use
in grafting, a technique that is gaining prominence in the
West Africa sub-region.

Stem cuttings of the sheanut tree have been tried under
both mist and non-mist conditions. In an experiment by
Yeboah et al. [3] to investigate the rooting performance
of leached sheanut cuttings in different rooting media
(mixture of top soil and sand (1:1 v/v), sand and rice
husk) with or without auxin treatment, they found that
rooting percentages ranged from 67.6% for cuttings
rooted in rice husk and treated with Seradix (active in-
gredient—indole butyric acid) without leaching the cut-
tings to 0% in cuttings leached without treating with Se-
radix. Although leaching of cuttings was cited in litera-
ture to have promoted rooting of cuttings, the duration of
the leaching period was found to enhance root formation
[4]. In the experiment by [3] leaching for too long a pe-
riod (24 hours) may have resulted in the low rooting
(20%) observed.

The objective of this study was to investigate the effect
of rooting media and varying hormone concentrations on
adventitious root formation in cuttings taken from cop-
piced sheanut trees.

2. Materials and Methods

Two experiments were conducted using shoots develop-
ing from coppiced mature fruit bearing sheanut trees at
the Cocoa Research Institute of Ghana (CRIG)—Bole
Substation in the Northern Region of Ghana from Sep-
tember 2009 to October 2010. The Bole substation is
9°01'N, 2°29'W, 309 m above sea level with an annual
rainfall ranging from 600 mm to 1500 mm and mean
annual minimum and maximum temperatures of 29°C
and 31°C respectively.

2.1. Effect of Indole 3-Butyric Acid Treatments
on Rooting in Sheanut Stem Cuttings
(Experiment 1)

There were four (4) treatments replicated four (4) times
with 20 cuttings per treatment set in a Randomized
Complete Block Design (RCBD). The treatments were as
follows: control (No IBA), 3000 ppm IBA, 5000 ppm
IBA and 7000 ppm IBA. The different concentrations of
IBA were prepared by dissolving IBA in 50% ethanol.

2.2. Preparation of Cuttings

Cuttings were harvested early in the morning from 4
month-old shoots of coppiced mature shea nut trees. The
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cuttings used were 15 cm long with a girth ranging be-
tween 1.0 - 1.5 cm. Each cutting had six (6) apical ma-
ture leaves. Cuttings were drenched in Dithane M 45
fungicidal solution (2 g/1L) and allowed to dry for ap-
proximately 20 - 30 minutes before being dipped in the
different hormone preparations. The basal 4 - 5 cm distal
portions of the cuttings were dipped for ten (10) seconds
in the respective IBA concentrations. The dipped cuttings
were air dried for about 10 minutes before setting in the
poly-propagator. Four (4) trench polythene propagators
were used. The sides of the trenches were lined with
polythene sheets. The bottom 15 cm portion of the
trenches were filled with stones followed by a 10 cm
layer of gravel. Sterilized rice husk was used to fill the
remaining depth leaving ~5 cm at the top. The polythene
sheets covering the propagators were held in place with
wooden planks and with polythene bags filled with top-
soil (Figure 1). The cuttings were misted with water and
the poly-propagator covered immediately with polythene
sheets to create a humid environment. The cuttings were
watered regularly to maintain the humid environment
needed for rooting.

2.3. Effect of Rooting Media on Rooting in
Sheanut Stems Cuttings (Experiment 2)

A second experiment was conducted to determine the
effect of rooting media (rice husk, top soil, saw dust and
decomposed 2:1 v/v palm fibre and sand) on the rooting
ability of sheanut stem cuttings. Cuttings used for this
experiment were taken from 1 - 2 year-old shoots from
coppiced mature trees. The cuttings were prepared and
set in the same manner as in Experiment 1. There were
four (4) media treatments replicated three (3) times with
twenty (20) cuttings per treatment set in a randomized
complete block design (RCBD). Cuttings were treated
with 5000 ppm IBA dissolved in 50% ethanol.

Figure 1. Polythene trench propagator used for rooting shea
cuttings.
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2.4. Environmental Conditions during
Experiments 1 and 2

Temperatures (minimum and maximum) and relative
humidity of the external environment and the propagat-
ing structures were recorded daily at 9 am and 3 pm dur-
ing the rooting period. It was possible to maintain about
90% to 95% humidity within the propagators by watering
every other day and misting as and when needed. The
propagators were opened briefly in the mornings and in
the late afternoons to control temperature and to facilitate
gas diffusion.

The mean maximum ambient temperature for the ex-
perimental period was 33.4°C and mean minimum tem-
perature 21°C, while the mean temperatures in the prop-
agation structures were 37.0°C (maximum) and 24.4°C
(minimum). The relative humidity (R.H) of the sur-
rounding environment during the experimental period
ranged between 84.1% in the morning (9 am) to 69.6% in
the afternoon (3 pm). The propagation structures were
shaded with an overhead layer of shade net (25% light
exclusion). A portable Skye light quantum meter was

used to measure photosynthetically active radiation (PAR)

under the shade (240.4 pmol/m?/sec), in the propagator
(180.4 pmol/m?/sec) and that in open environment (820.2
pmol/m?/sec).

2.5. Determination of Carbohydrates and
Phenols

A cutting each was taken from each replicate and bulked
per treatment at the start (before IBA treatment) and at
the end of the rooting experiment for the analysis. The
basal portions of the cuttings (approximately 6 cm) were
taken for biochemical analysis. The samples were ana-
lyzed according to [5] and [6] for sugars and phenols
respectively.

2.6. Data Collection and Statistical Analysis

Cuttings from both experiments were evaluated for root-
ing 90 days after setting (Figure 2). A cutting was con-
sidered to have rooted if it possessed one or more roots
measuring not less than 1 cm. Data collected at the end
of the rooting period were number of rooted cuttings per
treatment, number of cuttings alive but without roots
(dormant and callused) per treatment, number of dead
cuttings per treatment, number of roots per rooted cutting
and the length of the longest root (LLR) per rooted cut-
ting. Data collected were analyzed using ANOVA in
GENSTAT (Release 11.1). The Least Significant Dif-
ference (LSD) was used to determine differences among
the means for the various parameters studied.
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Cuttings treated with 3000 ppm IBA  Cuttings treated with 7000 ppm IBA

Figure 2. Shea cuttings per treatment 90 days after setting.

3. Results and Discussion

3.1. Effect of IBA Treatments on Rooting in
Sheanut Stem Cuttings

Cuttings treated with 3000 ppm IBA rooted best (57.5%)
with the control (no IBA) rooting the least (7.5%) (Table
1). The percentage of dormant cuttings (alive but not
rooted) at the end of the experiment was highest (46.2%)
in the control treatment which supports findings by other
authors on the importance of auxin to root formation in
sheanut cuttings [3,7,8]. Callus formation was highest
(35.0%) in the control treatment.

Generally, callus formation decreased with increasing
IBA concentration (5000 ppm and 7000 ppm) with cut-
tings treated with 5000 ppm IBA recording the highest
number of dead cuttings (35.0%) (Table 1).

The highest number of roots was recorded in cuttings
treated with 5000 ppm IBA (11 roots) and the lowest (2
roots) in the control treatment (Table 1). The different
IBA concentrations investigated did not influence the
length of the longest root (Table 1). Comparing the
rooting trends with earlier work by [3] where talc powder
preparations were used, the ethanolic quick dip method
used in the present study gave better results as far as
rooting percentage, root orientation, number of roots per
cutting and quality of roots are concerned.
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Table 1. Effect of different IBA treatments on rooting in
stem cuttings from coppiced mature sheanut trees.

% Cuttings dead/alive after 90 days
Treatment NRPC LLR
Rooted Dormant Callused Dead

Control 7.5 46.2a 35.0a 112b 20b 6.9a
3000 ppm  57.5a 8.8c 19.2ab 145b 9.0a 14.9a
5000 ppm  30.0b 18.8bc 16.2b 35.0a 11.0a 11.7a
7000 ppm 45.0ab  30.0ab 138b 11.2b 6.0ab 10.3a

All data represent means of four replicates. Means with different letters are
significantly different at p < 0.05; NRPC: number of roots per cutting; LLR:
length of the longest root per cutting.

3.2. Comparison between Soluble, Insoluble,
Total Sugars and Total Free Phenols in
Sheanut Stem Cuttings

Significant (p < 0.05) differences were found in the level
of total free phenols (TFP), soluble sugars (SS) and total
sugars (TS), in cuttings, at the beginning and end of the
experiment (Table 2). SS levels were approximately five
times higher at the end of experiment (Table 2). Treat-
ments had no effect on insoluble sugars (Table 2). TFP
also increased ~3-fold by the end of the experiment (Ta-
ble 2).

Soluble sugars increased 5-fold at the end of the ex-
periment. These findings confirm that photosynthesis
during rooting provides carbohydrates to the base of the
cutting [9,10] where they promote rooting. The increase
in the levels of sugars and total free phenols (TFP) at the
end of the experiment may also be the result of IBA ap-
plication. [10] and [11] stated that the application of
rooting hormone could have an indirect influence on
rooting by increasing the speed of transformation and
movement of sugars and other assimilates to the base of
cuttings thereby stimulating root formation. Rooting
hormone application according to [4] was found to be
responsible for cell division and differentiation into root
primodia which finally result in roots.

This was also supported by [12] who found that car-
bohydrate aids in auxin transport as well as growth of the
roots and increased number of roots per cutting. [13] also
speculated that mobilization of carbohydrate in the leaves
and upper stem to the rooting zone is influenced by hor-
mone application. High total sugar (carbohydrates) con-
tent and TFP found in the cuttings at the end of the root-
ing process might also be responsible for higher rooting
percentages observed in IBA treated shoots compared to
the control (no IBA). However, this does not agree with
findings by [14] who observed a reduction in total sugar
content at the end of the rooting process by as much as
50%. Rooting performances also increased as levels of
total free phenols (TFP) increased during the rooting
process (Tables 1 & 2). This also confirmed results by
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Table 2. Soluble, insoluble, total sugars and total free phe-
nols in stem cuttings from rejuvenated mature shea trees at
the start and end of experiment.

Sugars (mg/g) Total free

Treatment phenols

Soluble Insoluble Total (mg/g)
Controls 41a 32a 73a 4a
Controlg 224b 28b 252b 28b
3000 343b 19b 363b 28b
5000g 416b 40b 456b 24b
7000 406b 35b 441b 17b

All data represent means of four replicates. Means with different letters are
significantly different at p < 0.05. Controls: analysis on cuttings taken at the
start of the experiment before IBA treatment. Controlg, 3000g, 5000¢ and
7000¢ represent analysis on cuttings for the different treatments at the end of
the experiment.

[15] and [14] where high rooting percentage in cuttings
coincided with higher levels of phenols.

3.3. Effect of Rooting Media on Rooting in
Shea Stem Cuttings

Significant differences in rooting were found between the
various rooting media. Rice husk recorded the highest
rooting percentage (35.0%) compared to the other media
[top soil (16.7%), palm fibre (18.3%) and saw dust
(14.1%)] (Table 3). Rice husk as a rooting medium
might have enhanced the results obtained. It was indi-
cated by [16] and [3] that rice husk enhanced rooting by
creating a good aerated environment for increased respi-
ration at the base of the cuttings.

The results confirm similar work done by [3] where
rice husk gave highest rooting percentage of 36.7% as
compared with 15.0% and 16.7% recorded by mixture of
top soil and sand (1:1 v/v) and sand respectively. As in-
dicated by [17] the suitability of a medium depends on
the amount and frequency of aeration. The high aeration
in the rice husk medium may have created a good envi-
ronment for increased respiration at the base of the cut-
tings and encouraged rooting as reported by [16]. The
current results contradict earlier works on rooting media
by [7,18,19] who classified rice husk as a poor rooting
medium based on its water holding capacity and rate of
fungal infection. The media investigated showed no sig-
nificant differences with regard to percentage callus for-
mation, dead and dormant cuttings (Table 3). No sig-
nificant differences (p < 0.05) were found between the
number of roots per cutting and the length of the longest
root per cutting or the different media tested. The general
low rooting percentages observed in Experiment 2 com-
pared to Experiment 1 may have been due to the differ-
ences in age of the coppiced shoots, 1 - 2 years and 4
months in Experiment 2 and 1 respectively, used.
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Table 3. Effects of type of media on rooting in sheanut stem
cuttings.

% Cuttings Dead/Alive after 90 Days

Treatment NRPC LLR
Rooted Dormant Callused Dead (cm)

PF 18.3b 35.0a 15.0a 31.7a 5.0a 4.5a

RH 35a 36.7a 8.3a 20a 3.0a 4.9a

SD 14.1b 38.3a 25a 233a 2.0a 25a
TS 16.7b 53.3a 133a 26.7a 3.0a 3.6a

All data represent means (+S.E) of three replicates. Means with different
letters are significantly different at p < 0.05. PF: palm fibre, RH: rice husk,
SD: saw dust, TS: top soil.

4. Conclusions

The use of Indole 3-butyric promoted rooting in sheanut
cuttings. Cuttings treated with 3000 ppm of IBA rooted
best (57.5%) without compromising the number of roots
per cutting and the length of the longest root per cutting.

On the whole, cuttings taken from four-month old re-
juvenated shoots of mature sheanut trees rooted better
than those from one to two-year-old rejuvenated shoots
of mature sheanut trees, suggesting the presence of a
narrow window of rooting opportunity.

Although the total sugars and total free phenols in-
creased in stem cuttings after the application of IBA,
they did not significantly enhance rooting performance
between the different IBA levels investigated. Rice husk
turned out to be the best medium for rooting sheanut cut-
tings.
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