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Abstract

The Shea is an economic tree found in West and Central Africa with huge industrial uses in the
confectionery, pharmaceutical and cosmetic sectors worldwide. Its rapid multiplication has been
hampered by its slow growth and long gestation period. Successes in cutting propagation have
been achieved (between 60% - 80%), however weaning of the rooted cuttings for establishment
has been a major challenge. Two factorial experiments were carried out in a study in 2012. The
objective of this study was to determine the effects of propagating structures and seedling types
on the weaning and subsequent field establishment of propagules of Shea tree for plantation es-
tablishment. A randomized complete block design with three replications was used. Survival of the
rooted cuttings in the mist propagator was very high (93.3%) and comparable to that of the
seedlings (100%). The rooted cuttings in mist propagator produced the highest number of leaves,
11 times greater than the least number of leaves produced by seedlings in the lath house. Com-
paring the seedling types, the rooted cuttings produced significantly greater number of leaves, 4.8
times than the normal seedlings. Rooted cuttings in the mist propagator produced the biggest
stem girth significantly greater than the seedlings kept in all the structures. The rooted cuttings in
the mist propagator produced 4.4 times bigger stem girths than the seedlings in the lath house
which had the smallest stem girth. The rooted cuttings in the mist propagator produced the tallest
plants, 1.4 times and 1.9 times significantly taller than the seedlings in the propagating pit and
lath house, respectively, which produced the shortest plants. There was a significant relationship
between field survival of propagules and the month of establishment expressed as Y (percent sur-
vival) = -2844 + 0.070 x (month); P < 0.001; Rz = 0.68; n = 90. Rooted cuttings transplanted in a
hole depth of 52.0 cm produced the biggest stem girth, 5.6 times bigger than the stem girth of the
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seedlings transplanted into any of the three hole depths. Rooted cuttings transplanted into a hole
depth of 52.0 cm produced the highest number of leaves, three times more than the seedlings in
26 cm hole depth, which produced the least number of leaves. The study concluded that the mist
propagator was the most suitable propagating structure for weaning rooted cuttings of sheanut
tree since it resulted in higher survival of the rooted cuttings as well as promoted the growth of
the rooted cuttings. For field establishment, rooted cuttings transplanted into hole depth of 52 cm
resulted in higher survival rates and performed better in terms of growth than the seedlings. Fur-
thermore, the month of establishment was very critical for the rate of survival of the transplanted
propagules of Shea tree.
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1. Introduction

Shea (Vitellaria paradoxa Gaertn.) trees grow naturally throughout the Sudanian region from Senegal to the
foothills of the Ethiopian highlands [1]. It is found in nineteen countries across East, Central and West Africa [2].
It is an important tree species serving as a source of income for many inhabitants of the semi-arid region of West
Africa. The edible fruits of the tree contain large quantities of vitamin C, proteins and minerals [3]. These fruits
are eaten, especially during the lean season, and therefore serve as a food stopgap throughout the Guinea and
Interior Savanna regions of West Africa [4]. Economically, the nut of the fruit contains Shea butter which has
characteristics similar to that of cocoa butter ([5] [6]) and as such easily substitutes for the highly demanded co-
coa butter in the confectionery, pharmaceutical and cosmetic industries worldwide [7].

In spite of these tremendous economic benefits, the Shea tree has remained largely undomesticated due to its
natural long gestation period of 12 - 20 years. This phenomenon makes the sheanut tree very unattractive for
commercial cultivation. Over the years, reduction in the gestation period of the tree has been achieved using ve-
getative propagation techniques such as cuttings ([8]-[12]), grafting ([13]) and air-layering ([14] [15]). The ma-
jor challenge after propagation is the weaning and subsequent field establishment of the rooted propagules.
Farmer survey studies indicate that weaning of the rooted propagules is mostly carried out by farmers in the dry
season resulting in very low responses. Yeboah et al., [8] reported that weaning response could be as low as 20%
when carried out in the dry season. Further, the subsequent field establishment survival rates are even much
lower [9]. Tremendous success rates have however been recorded in other fruit tree species such as apple and
pear [16]. In their study, they used a combination of propagating structures and different rooted seedlings which
produced the resultant high successes. The objective of this study therefore was to determine the effects of these
propagating structures and seedling types on the weaning and subsequent field establishment of propagules of
Shea tree for plantation establishment.

2. Materials and Methods

2.1. Characteristics of the Experimental Site

The experiments was carried out from May to December, 2012 at the Cocoa Research Institute of Ghana substa-
tion at Bole in the Northern region of Ghana, 9°01'N, 2°29'W. The substation is located in the Interior Savanna
agro-ecological zone. The experimental period was characterized by high rainfall (mean rainfall of 102.6), high
relative humidity (mean humidity of 78.2 and 69.1) and moderate temperature (29.8°C; 23.6°C).

2.2. Experimental Procedure

Experiment 1

The objective of this experiment was to determine the effect of propagating structures and seedling types on
the weaning of rooted propagules. The design was 2 x 3 factorial arrangement in a randomized complete block
design with three replications. The first factor was propagating structure at three levels viz; mist propagator;
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propagating pit (3.0 m x 0.9 m x 0.2 m) and Lath house. The second factor was seedling type at two levels viz;
normal seedlings; rooted cuttings. The mist propagator was a structure of wood covered with transparent poly-
thene sheet. Spraying nozzles were fixed on top of the structure to spray water in the form of mist. The mist
propagator was kept under a shade net to provide 50% shade.

The propagating pit was a rectangular structure with dimensions 3.0 m x 0.9 m x 0.2 m. A flexible metal
dome was placed on top of the structure and covered with a transparent polythene sheet. The pit structure was
also kept under a shade net to provide 50% shade.

The lath house was used as the control structure in the experiment.

2.3. Production of Propagules for Experiments

Normal seedlings: Seeds harvested from selected trees were nursed in polythene bags 30 cm long x 17 cm
wide and filled with top soil in May.

Rooted cuttings: Cuttings were harvested from the same trees and set in pit propagators using indolebutyric
acid (IBA) as root inducing hormone and rice husk as medium. Rooted cuttings were harvested 60 days after
setting in pit propagators and potted into polythene bags (30 cm long x 17 cm wide) filled with top soil.

Both potted seedling types were kept in the propagating structures from July to last week of September for the
weaning studies. Water was provided in each structure at 06.00 hrs and 14.00 hrs GMT. For the mist propagator
the water was provided as mist whereas for the two other structures a watering can was used to provide water for
the seedlings.

Data were collected on (i) ambient climatic parameters; (ii) percentage of survived propagules; (iii) leaf pro-
duction of propagules; (iv) stem girth of propagules; (v) plant height of propagules.

Experiment 2

The objective of this experiment was to determine the effect of transplanting hole depth and seedling type on
the field establishment of weaned propagules. The design was 2 x 3 factorial arrangement in a randomized com-
plete block design with three replications. The first factor, was hole depth at three levels viz; 26¢cm depth; 39 cm
depth; 52 cm depth.

The length and width of each hole size was maintained at 52 cm x 52 cm. The second factor was seedling
type at two levels viz; normal seedlings; rooted cuttings.

After weaning, the seedlings were hardened for five weeks before transplanting to the field.

Data were collected on (i) climatic parameters recorded daily with a data logger; (ii) number of survived
plants six months after field establishment; (iii) plant height six months after field establishment; and (iv) stem
girth six months after field establishment; (v) soil moisture taken four weeks after transplanting using a moisture
meter; (vi) soil temperature taken four weeks after transplanting using Earth thermometers.

For the two experiments, the seedlings and cuttings were raised in May prior to the commencement of the
experiments in July to September (weaning experiment) and from November to April (establishment experi-
ment).

2.4. Statistical Analysis

Data were analyzed by analysis of variance (ANOVA), using Gentstat version 9. Counts data were square root
transformed. Least significant differences (LSD) were calculated and the probability of treatment means being
significantly different was set at P = 0.05.

3. Results
3.1. Monthly Ambient Climate Dynamics

The climatic data during the experimental period is presented in Table 1. Low to moderate temperatures were
recorded from May to September and thereafter high temperatures were experienced from October to December,
2012. A similar trend was recorded for relative humidity over the period. However, rainfall was high from May,
to September and tapered from October with no rainfall recorded in December, 2012.

Mean Morning and Afternoon Humidity Figures in Different Structures

The propagating mist recorded high humidity figures for both the morning and afternoon, while the lath house
recorded the lowest (Table 2). The propagating mist and pit did not significantly differ in the morning humidity.
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Table 1. Climatic data from May to December, 2012.

Mean Temperature °C Mean Relative Humidity Total Rainfall

Month Max Min 9.00 am 3.00 pm mm
May 30.0 245 82.0 70.0 115.8
June 29.8 23.6 88.0 78.0 157.2
July 29.8 23.2 84.0 71.0 121.7
August 28.6 22.1 87.5 68.4 113.6
September 30.3 24.5 90.6 79.0 2154
October 32.0 222 82.2 59.2 78.7
November 33.8 21.6 734 50.7 15.9

December 34.7 19.2 44.8 27.2 0.0

Table 2. Mean morning and afternoon humidity percentage in different propagating structures.

Propagating Structures Mean Humidity at 9.00 a.m. (%) Mean Humidity at 3.00 p.m. (%)
Muist Propagator 87.5 60.2
Propagating pit 82.6 69.2
Lath house 61.1 42.4

LSD (5%), 5.42, 4.96.

3.2. Growth Performance of Propagules during Weaning

3.2.1. Effects of Propagating Structure and Seedling Type on the Percent Survival of Propagules
during Weaning

There was significant (P < 0.05) container structure and seedling type interaction for the survival rate of propa-
gules during the weaning period of three months (Table 3). Seedlings, as propagules, produced the highest sur-
vival rate of 100%, significantly different from the survival rates of the other treatment combinations. The only
exception was rooted cuttings in mist propagator which was not significantly different from the seedlings sur-
vival rate in any of the structures. Generally, the mist propagator resulted in a significantly higher rate of surviv-
al of propagules than the lath house, though similar to the survival rate from the propagating pit (Table 3).

3.2.2. Effects of Propagating Structure and Seedling Type on Leaf Production of Propagules during
Weaning

Significant (P < 0.05) structure and seedling type interaction was also observed for the production of leaves of
the propagules during weaning (Table 4). The rooted cuttings in mist propagator produced the highest number
of leaves, 11 times greater than the least number of leaves produced by seedlings in the lath house. Comparing
the seedling types, the rooted cuttings produced significantly greater number of leaves, 4.8 times than the normal
seedlings. In addition, both mist propagator and propagating pit resulted in the production of more leaves than
the Lath house (Table 4).

3.2.3. Effects of Propagating Structure and Seedling Type on Stem Girth of Propagules during
Weaning

There was significant (P < 0.05) structure and seedling type interaction for stem girth of the propagules. Rooted

cuttings in the mist propagator produced the biggest stem girth significantly greater than the seedlings kept in all

the structures (Table 5). Similarly, stem girth of the rooted cuttings in the propagating pit was significantly big-

ger than the seedlings in the lath house. The rooted cuttings in the mist propagator produced 4.4 times bigger

stem girths than the seedlings in the lath house which had the smallest stem girth.
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Table 3. The effects of propagating structures and seedling types on the percent survival of propagules over a 3-month

weaning period.

Propagating Structure

Percent Survival (%)

Seedling Type

Mean
Rooted Cuttings Seedlings
Muist Propagator 93.3 100.0 96.7
Propagating Pit 76.7 100.0 88.4
Lath House 50.0 100.0 75.0
Mean 733 100.0

LSD 5%: Propagating structure = 19.7; Seedling type = 19.2; Propagating Structure x Seedling type = 21.3.

Table 4. The effects of propagating structures and seedling types on the leaf production of propagules over a 3-month wean-

ing period.

Propagating Structure

Number of Leaves

Seedling Type

Mean
Rooted Cuttings Seedlings
Muist Propagator 122.3 24.7 735
Propagating Pit 103.0 22.3 62.7
Lath House 49.7 10.7 30.2
Mean 91.7 19.2

LSD 5%: Propagating structure = 16.3; Seedling type = 13.3; Propagating Structure x Seedling type = 21.1.

Table 5. The effects of propagating structures and seedling types on stem girth of propagules over a 3-month weaning pe-
riod.

Stem Girth (mm)

Propagating Structure Seedling Type
Mean
Rooted Cuttings Seedlings
Mist Propagator 2.6 1.2 1.9
Propagating Pit 2.2 1.2 17
Lath House 17 0.6 1.2
Mean 2.2 1.0

LSD (5%), Structure = 1.0; Seedling type = 1.1; Structure x Seedling type = 1.3.

3.2.4. Effects of Propagating Structure and Seedling Type on Plant Height of Propagules during
Weaning

Plant height of propagules responded to a significant (P < 0.05) structures x seedling type interaction (Table 6).

The rooted cuttings in the mist propagator produced the tallest plants, 1.4 times and 1.9 times significantly taller

than the seedlings in the propagating pit and lath house, respectively, which produced the shortest plants.

3.3. Field Establishment of Weaned Propagules

3.3.1. Relationship between Field Survival and Period of Field Establishment Propagules
There was a significant relationship between field survival of propagules and the month of establishment. The

)
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month of field establishment accounted for 68% of the variation in the percent survival of the propagules. The
relationship was expressed as
Y (percent survival) = —2844 + 0.070 x (month); P < 0.001; R? = 0.68; n = 90.

3.3.2. Effects of Hole Depth on Soil Temperature and Moisture

There were significant differences in soil temperature and moisture between the hole depths. Soil temperature
was lowest at 52 cm depth, significantly lower than those at 39 cm and 26 ¢cm hole depths (Table 7). Conversely,
soil moisture was highest at 52 cm depth, significantly greater than at 26 cm depth yet similar to moisture at 39
cm depth.

3.3.3. Effects of Hole Depth and Seedling Type on Survival of Transplanted Weaned Propagules
There was significant hole depth x seedling type interaction for the percent survival of transplanted propagules
in the dry season (Table 8). Normal seedlings planted to a depth of 52 cm produced the highest percentage of
survived transplants significantly different from the rooted cuttings planted to a similar depth of 52 cm. Gener-
ally at each depth, the normal seedlings produced significantly greater percentage of survived transplants than
the corresponding rooted cuttings (Table 8).

Table 6. The effects of propagating structures and seedling types on plant height of propagules over a 3-month weaning pe-
riod.

Plant Height (cm)

Propagating .
Seedling Type
Structure Mean
Rooted Cuttings Seedlings

Mist Propagator 55 5.0 53
Propagating Pit 49 4.0 4.5

Lath House 43 2.9 3.6

Mean 4.9 4.0

LSD (5%): Propagating Structure = 1.2; Seedling type = 1.3 (ns); Propagating Structure x Seedling type = 1.5.

Table 7. Effect of hole depth on soil temperature and soil moisture averaged over six months.

Hole depth Mean Soil Temperature °C Mean Soil Moisture %
26 cm Depth 29.1 43.0
39 cm Depth 274 45.6
52 cm Depth 24.2 47.0

LSD (5%). 2.49, 1.62.

Table 8. Effect of hole depth and seedling type on the survival of transplanted weaned propagules of Shea tree nut in the dry
season.

% Survival of Transplanted Propagules

Hole Depth (cm)

Seedling Type Rooted Cuttings Seedlings Mean

26 cm Depth 60.0 80.0 70.0

39 cm Depth 65.0 85.0 75.0

52 cm Depth 75.0 90.0 82.5
Mean 66.7 85.0

LSD 5% Hole depth = ns; Seedling type = ns; Hole depth x Seedling type = 19.5.

)
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3.3.4. Effects of Hole Depth and Seedling Type on Stem Girth of Transplanted Propagules Six
Months after Field Establishment

There was significant (P < 0.05) hole depth x seedling type interaction for stem girth of propagules established

in the field such that rooted cuttings transplanted in a hole depth of 52.0 cm produced the biggest stem girth, 5.6

times bigger than the stem girth of the seedlings transplanted into any of the three hole depths (Table 9).

3.3.5. Effects of Hole Depth and Seedling Type on Plant Height and Stem Girth of Transplanted
Propagules Six Months After field Establishment

There were no significant differences in plant height of the transplanted propagules after six months of field es-
tablishment. However in terms of leaf production, there was significant (P < 0.05) hole depth x seedling type in-
teraction such that rooted cuttings transplanted into a hole depth of 52.0 cm produced the highest number of
leaves, three times more than the seedling in 26 cm hole depth, which produced the least number of leaves
(Table 10). Furthermore, the rooted cuttings in each of the hole depths produced significantly more leaves that
the seedlings in both 26 cm and 39 cm hole depths, the exception being seedlings in 52 cm hole depth (Table 10).

4. Discussion
4.1. Growth Performance of Propagules during Weaning

Survival of the rooted cuttings in the mist propagator was very high and comparable to that of the seedlings. The
lath house on the other hand, recorded the least survival of the rooted cuttings. The micro humidity and temper-
ature around the cuttings could be the reason for the observed differences. This is because in the mist propagator
due to the frequent provision of water in the form of mist, the humidity around the cuttings was always very
high coupled with a lowering of the temperature also around the cuttings. This observation is corroborated by
[16] who indicated that high humidity and low temperature are suitable microclimate for the survival and de-
velopment of cuttings because they ensure low evapo-transpiration and prevent moisture stress in the cuttings.

Table 9. Effect of hole depth and seedling type on the stem girth of transplanted propagules six months after field establish-
ment.

Stem Girth (mm)

Hole Depth (cm) Seedling Type
Mean
Rooted Cuttings Seedlings
26 cm Depth 13 0.6 1.0
39 cm Depth 24 0.6 15
52 cm Depth 34 0.7 21
Mean 24 0.6

LSD (5%): Hole depth = 1.0; Seedling type = 1.1; Hole depth x Seedling type = 1.3

Table 10. Effect of hole depth and seedling type on the number of leaves of transplanted propagules six months after field
establishment.

Number of Leaves Produced

Hole Depth (cm) Seedling Type
Mean
Rooted Cuttings Seedlings
Hole Depth (26.0) 4.0 1.9 3.0
Hole Depth (39.0) 45 24 35
Hole Depth (52.0) 5.7 3.7 4.7
Mean 4.7 2.7

LSD (5%): Hole depth = 1.2 (ns); Seedling type= 1.2; Hole depth x Seedling type = 1.5.

)
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As regards the seedlings, the presence of their deep taproot systems in the polythene bags enabled them to with-
stand the harsh ambient weather conditions.

In the lath house, humidity was low; the least amongst the propagating structures and therefore accounted for
the low survival of the rooted cuttings. During the weaning period, leaf production of the rooted cuttings in the
mist propagator was about 2.5 times greater than similar rooted cuttings in the lath house and 6.5 times more
than the mean number of leaves of the seedlings across the propagating structures. Very high humidity as evi-
denced in the mist propagator has been implicated as a possible factor enhancing leaf formation and production
since it promotes the breaking of leaf buds through the provision of endogenous substances such as cytokinins to
the buds which allows them to mature and break ([17]-[19]). Moreover, [16] indicated that humidity manage-
ment was an effective tool in enhancing plant growth because it ensured the presence of moisture in the envi-
ronment which enhanced rapid cell processes like cell division, vitamins production, protein synthesis, auxin
synthesis and DNA production. Plant height and stem girth of the rooted cuttings were however similar for all
the propagating structures during the weaning period of three months. In comparison to the seedlings, the rooted
cuttings in the mist propagator recorded better growth in terms of leaf production, plant height and stem girth.

4.2. Field Establishment of Weaned Propagules

The period of field establishment coincided with good rains which facilitated the high survival rate of the trans-
planted propagules. It is therefore not surprising that the month of field establishment significantly accounted for
68% of the variation in the survival of the transplanted propagules. Generally, the percent survival of the trans-
planted seedlings was significantly higher than the rooted cuttings due mainly to the rooting system possessed
by the two propagules; seedlings with a long tap root whereas the rooted cuttings had adventitious roots. Con-
sequently, the seedlings were better able to explore and draw on the soil resources than the rooted cuttings with
the shallow adventitious roots. Naturally, the Shea tree has a long tap root with very limited secondary and ter-
tiary roots. By this root system, it draws more on soil resources from the deeper layers than from the superficial
layers and this in part accounts for its slow growth in nature. In the present study, once established, the trans-
planted rooted cuttings performed better in terms of growth than the seedlings as observed in its recording of 5.6
times bigger stem girth and 1.7 times more leaves than the seedlings across all the hole depths. This could prob-
ably be due to the fact that the rooted cuttings had a better root system in terms of having more secondary and
tertiary roots in addition to the developed tap root six months after establishment thus enhancing the ability of
the rooted cuttings to explore both the superficial and deeper layers of the soil to facilitate growth. Within the
rooted cuttings, transplanting into a hole of 52 cm depth produced significantly better growth in stem girth and
leaf production than transplanting into a 26 cm hole. This could be explained by the fact that the 52 cm hole fa-
cilitated the development of a long tap root, a natural tendency of Shea tree, than the more shallow 26 cm hole
depth which impeded root development and growth. Furthermore, at the deepest depth of 52 cm, soil tempera-
ture was lowest whiles soil moisture was greatest. Moderate soil temperatures help the root system of the plants
to function well in absorption of water and nutrients [20] whiles high soil moisture helps the roots to extract wa-
ter to the shoots for the dissolution of soluble nutrients for growth ([16] [21]). The high soil moisture at the 52
cm hole depth might have provided a conducive environment for efficient functioning of soil microorganisms
that were involved in soil biogeochemical processes including organic matter decomposition and synthesis of
hormones and organic acids which aid nutrient release from soil for enhanced uptake by plants [22].

5. Conclusion

The study clearly demonstrated that the mist propagator was the most suitable propagating structure for weaning
rooted cuttings of sheanut tree since it resulted in higher survival of the rooted cuttings as well as promoted the
growth of the rooted cuttings. For field establishment, rooted cuttings transplanted into hole depth of 52 cm re-
sulted in higher survival rates and performed better in terms of growth than the seedlings as observed in its re-
cording of 5.6 times bigger stem girth and 1.7 times more leaves than the seedlings across all the hole depths.
Finally the study demonstrated that the month of establishment was very critical for the rate of survival of the
transplanted propagules.
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