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Abstract

Garcinia kola Heckel, called “petit cola” in Cote d’Ivoire and “bitter kola” in
Nigeria, is a Non-Timber Forest Product of great socioeconomic importance.
Unfortunately, this species is threatened due to overexploitation and defores-
tation. This study tested the effect of leaf area on stem cuttings to regenerate
vegetatively in a non-mist poly-propagator without using exogenous hor-
mones. Three stem cuttings types: greenwood, softwood and hardwood (12 -
15 cm in length) were collected from 24-month years old seedlings. The two
top leaves of each cutting type were conserved at different leaf area: 0 cm?,
28.25 cm?, 56.5 cm? 84.75 cm?® and 113 cm? (entire leaf area). Observations
were made on rooting, sprouting and leafing abilities of cuttings depending to
treatments applied. Results showed that all cutting types have presented good
ability to shooting and rooting. Cuttings with 113 cm? leaf areas presented the
best rooting (94.44% * 2.42%) and shouting (95.55% + 2.42%) percentage
and longest primary root length (12.03 £ 0.50 cm). Hardwood, softwood and
greenwood cuttings with 113 cm?® leaf area had the best rooting percentage
(96.66% + 3.33%, 96.66% + 5.77% and 90.00% * 5.77% respectively). The
longest primary root length (13.50 + 0.97 cm) was observed to greenwood
cuttings with 113 cm® leaf area. Regenerated plants in the forest presented
well survival percentage (96.66%). This study shows that it is possible to re-
generate entire plants by cuttings without using external hormones in
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non-mist poly-propagator.
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1. Introduction

The domestication of forest trees as new crops is now recognized for their ability
to transform tropical land used by improving agricultural production/food secu-
rity; increasing farmers’ income and their well-being [1] [2]. Garcinia kola be-
longs to the Clusiaceae family and it’s endemic in the humid lowland rainforest
vegetation of the West and Central African [3]. Like many other forest trees, G.
kola is produced traditionally and constitutes an important commercial product
[4] [5]. For example, its fruits, edible nuts and roots have medicinal importance
and its branches with bactericidal properties, are used as chewing sticks [6]. The
seed contains a chemical called kolaviron, a biflavonoides which has antimalarial
properties [7]. Seed extracts are also used in the treatment of diarrhoea [8],
bronchitis and throat infections [9] and anti-sickling activities [10].

In Cote d’Ivoire, seeds are recently used in breweries industries to make soda
or energy drink. The species has a high local market demand or export [11] [12].
These several demands increase the level of the species exploitation. But its
overexploitation is currently done on the natural population of species. This
situation coupled with deforestation, limits seriously the natural regeneration of
the species [13]. Several studies showed that G. Kola has a threatened status in
central and west Africa tropical forest [12] [14] [15].

G. kola can only regenerate from seed (kernel) in natural environments. Un-
fortunately, the low germination of its seeds has been noticed as a major prob-
lem in natural regeneration or for huge quantity of seedlings production, due to
their high level of dormancy [3] [11] [16]. To promote the cultivation of G. ko/a,
a lot of works have been led to investigate seed germination [3] [11] [16] [17].
Different methods were used for the seed’s dormancy breaking, such as stratifi-
cation [18] and soaking in Gibberellic acid solution [11] to obtain over than 96%
germination. However, these technologies are not available to farmers. Also, re-
production by seeds (sexual reproduction) still does not allow individuals (hy-
brids) identical to the mother plant to be obtained. In fact, this hybrid plant can
have different characters from those of the mother plant [19].

Another problem is seeds availability to use it for seedlings production, since
the seeds are commonly used for local and international trade.

Besides, few experiments were also conducted on vegetative propagation to
investigate grafting [20] and juvenile stem cuttings [21]. Unlike plants of the

Aceraceae family (Palm), almost all plants can reproduce by macro-cuttings due
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to the presence of axillary buds on twigs and stems [22] [23]. Indeed, vegetative
propagation by cuttings is a technique of conform reproduction of mother plant,
unlike sexual reproduction. In addition, this technique can induce an early
fruiting of plants [24].

Difficult rooting ability of stem cuttings collected from branches of mature
trees of G. kola was reported by [21]. Other Garcinia species (Garcinia pedunculata
Roxb. ex Buch.-Ham. and Garcinia morella (Gaertn.) Desr.) were successful
propagated by using juvenile stem cutting from seedlings [25]. But little infor-
mation was given about the role of leaf and cutting physiological state on rooting
of stem cuttings of Garcinia. kola. However, many indigenous trees species were
propagated by leafy stem cutting [24]. According to several authors, successful
propagation of leafy stem cuttings depends on many factors and they interac-
tions such as plant species, rooting media, leaf area, cutting physiological state
and propagation environment [24] [26] [27] [28]. In addition, most studies
investigated on rooting ability of stem cutting position. In case of G. kola,
softwood cuttings presented high rooting ability [21]. For other trees such as
Dalbergia sissoo [29] and Dalbergia melanoxylon [30] the best rooting ability
were recorded on cuttings from basal and middle position than those from
apical position of stock shoot. Effect of leaf on rooting ability of stem cuttings
has been reported in many trees [31] [32] and noted that photosynthesis activi-
ties depend of the optimum leaf area.

In a survey of farmer’s species for agroforestry, G. kola was identified as one
of the top priority species for domestication in the humid lowlands of West Af-
rica [33]. To domesticate species like G. kola as new crops, vegetative propaga-
tion protocols have been developed [24]. So, these protocols make possible to
multiply and select the best seedlings and used them as horticultural cultivars.
Thus, [34] have developed non-mist poly-propagators for the rooting of stem
cuttings for the use of farmers in remote rural areas when domesticating in-
digenous fruit and nut trees. This rapid clonal multiplication approach to do-
mestication is considered ideal for the rapid multiplication of a species under
threat and also allows the propagation of selected trees with superior character-
istics. In G. kola, vegetative propagation studies have focussed on stem and root
cuttings [21]. These studies have indicated that the greatest success is achieved
when cuttings are treated with 2.5 g/l of indole butyric acid (IBA). To promote
the domestication of G. ko/a in agroforestry, it will be necessary to further de-
velop efficient methods and techniques of clonally propagating G. kola which are
easily transferable to farmers and which are affordable given the cost of phyto-
hormones.

The present study, done under non-mist poly-propagator system, fits in this
context. The objective of study was to develop vegetative propagation methods
testing the hypothesis that successful rooting and sprouting of leafy stem cut-
tings can be achieved by optimising the level of stem lignification and the lamina

area of the leaf.

DOI: 10.4236/as.2020.1110058

899 Agricultural Sciences


https://doi.org/10.4236/as.2020.1110058

J.P.Daoetal.

2. Materials and Methods

2.1. Experimental Site

The experiments were carried out from July 2016 to February 2017 in Abidjan,
Cote d’Ivoire, at University Nangui Abrogoua research station (05°23'N,
04°00'W). The experimental station is located in the forest zone where the rain-
fall pattern is bimodal with four distinct seasons, two dry (from December to
March and from July to August), and two wet (from April to June and from
September to November). Mean annual rainfall varies between 1800 - 2000 mm.
Mean monthly temperature varies between 27°C and 30°C, whereas mean rela-

tive humidity ranges between 70% - 84% [21].

2.2. Plant Material

The plant material consists of stem cuttings collected from seedlings (24 months
old and 50 cm in height) obtained in nursery at University Nangui Abrogoua

research station.

2.3. Methods

2.3.1. Cuttings Preparation

Seedlings were watered 24 hours before the cuttings were taken. Stems were ex-
cised in the morning (07.00-08.00 am) to 2 cm above the collar region from the
seedlings with a pair of disinfected secateurs. Stem cuttings were of three types
1) the apical part or greenwood cuttings (Figure 1(a)), 2) central part or soft-
wood cuttings (Figure 1(b)) and 3) basal part or hardwood cuttings (Figure
1(c)). The average length of the three types of cuttings ranged from 12 - 15 cm.
The average diameter of greenwood, softwood and hardwood cuttings was 1.0 +
0.2 cm, 1.2 + 0.5 cm and 1.5 £ 0.5 cm, respectively. Each cutting had at least two
axillary buds. The top two leaves of each cutting type were conserved at 0%,
25%, 50%, 75% and 100% of the intact leaf area corresponding to 0, 28.25, 56.5,
84.75 and 113 cm’ (entire leaf area). The leaf area was calculated using templates

cut from graph papers according to [27].

2.3.2. Experiment Design and Treatments

The experiment was laid out in a randomized block design in a non-mist
poly-propagator modified from the design of [21] [24] [34]. The non-mist
poly-propagator measuring 250 x 120 x 80 cm (Length x width x height) were
placed in nursery shaded by palm fronds and canes of bamboo to prevent exces-
sive temperatures. This non-mist poly-propagator was a wooden frame enclosed
in clear polythene. The base, covered with a thin layer of fine sea sand to present
the polythene from being performed by the stones followed by successive layers
of small stones and then covered with the rooting media. This rooting media
consisted of mixed substrate resulting from a mixture of soil taken from a fallow
with vegetation mainly composed of Chromolaena odorata (L.) and Panicum

maximum (Jacq.) for the role of these plants in maintaining soil fertility. And a
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sandy soil from river in a proportion 1:1 (V/V) [21]. The mixed substrate (pH
5.5) were treated with a fungicide (mancozeb Callivoire-Abidjan 880 W in water
at 15 g1™") according to the method of [21].

Two factors were tested 1) the cutting type (greenwood, softwood and hard-
wood) and 2) leaf area (0, 28.25, 56.5, 84.75 and 113 cm?). Fifteen treatments
were applied (3 cutting types x 5 leaf areas). For each treatment, 60 cuttings
were arranged in three replicates (20 cuttings per replicate). Cuttings were
inserted to a depth of 3 cm in the rooting media with a spacing of 5 cm from
eacth other (Figure 2). After planting, cuttings were watered and the non-mist
poly-propagator was covered with clear polythene to maintain high humidity
around the cuttings and allow the penetration of light into the propagator
(Figure 3). The average temperature and relative humidity registered in the
non-mist poly-propagator were 28°C * 2°C and 94%, respectively. The cuttings
were sprayed with a fine mist of water once per week because of the high

moisture content in this non-mist poly-propagator.

(2) () ()

Figure 1. Different types of Garcinia kola cuttings used for propagation;
greenwood leafy cuttings with 25% of leaf area (28.5 cm?) (a), softwood
leafless cuttings (b), hardwood leafless cuttings (c).

T
e
i LT

Figure 2. Unrooted cuttings of Garcinia kola planted in
non-mist poly-propagator.
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Figure 3. Closed non-mist poly-propagator contain-
ing cuttings and placed under shade.

Over a period of 180 days after planting the cuttings, assessments were made
on cuttings viability percentage (cuttings remained green and alive, or dead); the
percentage of sprouting and rooting, the sprouting and leafing emergence time,
the number of primary roots, the length of shoot and the longest root per cut-
ting. Cuttings were considered rooted or sprouted when they have one root or
bud exceeding 0.5 cm in length. To facilitate rooting evaluation, rooted cuttings
were taken from substrate carefully and sand was removed. Sprouting was as-
sessed every two days, while rooting was assessed at monthly intervals. Final
mean data/percentages were calculated at the end of the experiment.

Rooted cuttings were transferred into plastic bags and placed under the
shaded nursery condition for acclimatization. The plants were set under shaded

nursery during 18 months.

2.3.3. Regenerated Plants Growth in Situ

The experiment was done in June 2018. After acclimatization period under
shade nursery some survivals plants were transferred in the relic forest of Nan-
gui Abrogoua University to evaluate their development. Sixty plants were se-
lected and planted in the forest. The spacing between two plants was 10 m. To
limit transpiration and water lost, the number of leaves and the top leaves were
reduced. Survival percentage, initial and final length, number of leaf and collar

diameter were recorded after nine months.

2.3.4. Data Analysis

Means values and standard deviations were calculated for each evaluated pa-
rameter with respect of cutting type and leaf area. The effect of the different fac-
tors and their interaction was evaluated by using analysis of variance (ANOV A).
Least significant difference (LSD) multiple range-tests were used to identify dif-
ferences between means. The Student ¢ test was applied to compare initial and

final values of different growth parameters of seedling introduced in the forest.

3. Results

3.1. Effect of Cutting Type on Rooting and Sprouting Ability of
Stem Cuttings in Non-Mist Poly-Propagator

The results of Table 1 show that rooting and shooting ability was significantly
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affected by cutting type (P < 0.05). All cutting types present good ability to root.
Rooting percentage ranges from 58% to 63%. The highest rooting percentage
was observed to hardwood cutting (63.33% * 8.08%) following by softwood cut-
ting (62.66% + 9.53%). The best primary root number per cutting was observed
to hardwood cuttings (1.65 + 0.08). The longest primary root was obtained to
greenwood cuttings (11.40 £ 0.53 cm). Concerning shooting percentage, green-
wood and hardwood cuttings presented the best values (68.00% + 7.63% and
68.66% * 5.42%, respectively). Greenwood cuttings presented the highest shoot
number (2.03 + 0.09), shoot length (6.27 + 0.33 cm) and leaf number (7.22 £
0.37).

3.2. Effect of Leaf Area on Rooting and Sprouting Ability of Stem
Cuttings in Non-Mist Poly-Propagator

Leaf area affected significantly rooting and shooting (2 < 0.05) while mean pri-
mary root number and mean shoot number was not significantly affected (Table
2). Cutting with 113 cm” leaf area presented the best rooting and shooting per-
centage (94.44% + 2.42% and 95.55% * 2.42%, respectively). The mean primary
root length increases with increasing of leaf area. The longest primary root was
observed to cutting with 113 cm” leaf area (12.03 + 0.50 cm). The highest second-
ary root number was observed on cutting with 56.5, 84.75 and 113 cm” leaf area.
The best shoot length (6.88 + 0.40 cm) and the highest leaf number (7.05 £ 0.78)

were observed to cutting with 113 cm” and 0 cm? % leaf area, respectively.

Table 1. Influence of G. kola stem cutting type on rooting and shooting ability in non-mist poly-propagator.

Rooting

Cutting type (%)

Shooting

(%)

Mean primary Mean primary Mean secondary Mean shoot Mean shoot  Mean leaf
root number root Length (cm) root number number length (cm) number

Greenwood 58.66 + 8.50°
Softwood  62.66 + 9.53°

Hardwood 63.33 + 8.08°

68.66 + 5.42° 1.24 +0.05° 11.40 + 0.53% 9.94 + 0.47% 2.03 +0.09* 6.27 £0.33* 7.22 £0.37¢

66.00 +9.70*  1.35+0.06°  10.41 + 0.48" 9.09 + 0.52° 1.13 £0.03° 5.50 £ 0.35> 5.00 + 0.25°

68.00 + 7.63*  1.65 + 0.08° 9.60 + 0.40° 9.59 + 0.45° 1.28 £0.04> 5.54 +0.34° 6.52 +0.27%°

%alues (means + SD) within a column followed by different superscript letters are significantly different at < 0.05.

Table 2. Influence of leaf area on rooting and shooting ability of G. kola stem cutting in non-mist poly-propagator.

Leaf area Rooting
(cm?) (%)
0 21.11 £ 7.53¢

28.25 3555+ 7.47¢
56.5 75.55 + 6.89°
84.75  81.11 +2.60°

113 94.44 + 2.42°

Shooting
(%)

32.22 + 8.46°
54.44 +9.144
80.00 + 6.45°
75.55 + 5.03¢

95.55 + 2.42°

Mean primary ~ Mean primary Mean secondary Mean shoot Mean shoot  Mean leaf

root number root Length (cm)  root number number length (cm) number

1.33 £ 0.16* 7.02 +0.71¢ 6.16 + 0.93° 1.55+0.16* 4.22 +£0.45° 7.05+0.78*
1.50 £ 0.11° 6.59 + 0.51¢ 6.66+0.84°  1.60+0.14° 4.02+0.34° 6.23 +0.54°
1.37 £ 0.08° 10.57 = 0.49°¢ 9.77 + 0.44* 1.54 +0.09° 5.66 +0.35° 6.51 +0.36°
1.38 £ 0.06* 11.01 £0.53° 9.77 £ 0.60* 1.43 £0.08° 5.67 +0.39" 5.74 + 0.34°
1.48 £ 0.00° 12.03 + 0.50* 10.93 + 0.45% 1.39 £ 0.07*° 6.88 +0.40° 6.26 + 0.33°

% alues (means + SD) within a column followed by different superscript letters are significantly different at < 0.05.
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3.3. Combined Effect of Cutting Type and Leaf Area on Rooting
and Sprouting Ability of Stem Cuttings in Non-Mist
Poly-Propagator

The combined effect of cutting types and leaf area significantly influenced all the
parameters evaluated (P < 0.05) (Table 3). All cutting types whatever leaf area
presented ability to produce root (Figure 4). Cuttings with 113 cm’ leaf area
gave the best rooting percentage, but this was significantly different between
cutting type (hardwood = 96.66% + 3.33%; softwood = 96.66% + 3.33% and
greenwood = 90.00% = 5.77%). The lowest rooting percentage was observed to
leafless (0 cm?®) cutting for greenwood (13.33% * 3.33%) and softwood (6.66% +
3.33%). The highest mean primary root number (1.85) was obtained with hard-
wood cutting with 28.25 and 56.5 cm” leaf area. The longest primary root was
observed to greenwood cutting with 113 cm® leaf area (13.50  0.97 cm) followed
by those of 56.5 cm” leaf area (12.00 + 0.90 cm). The lowest root length was ob-
served to cutting with 0 and 28.25 cm” leaf area whatever cutting type. Concern-
ing shooting, all cutting types presented ability to produce shoot and new leaf.
Hardwood cutting with 113 cm? leaf area presented the best shooting percentage
(100.00% + 0.00%). Greenwood cutting with 0 to 56.5 cm” leaf area presented the
highest shoot number. The longest shoot was observed to greenwood cutting
with 56.5 cm” leaf area. Greenwood cutting gave the best leaf number. But there
is significant difference between leaf area (0 cm” leaf area = 9.75 + 1.03; 56.5 cm’
leaf area = 8.52 + 0.77).

Table 3. Interaction effect of cutting type and leaf area on Garcinia kola stem cutting propagation parameters in non-mist

poly-propagator.

Cutting  Leaf area Rooting Shouting  Mean primary Mean primary Mean secondary Mean shoot Mean shoot  Mean leaf
Type (cm?) (%) (%) root number roochnil;gth root number number length (cm) number
0 13.33 +£3.33¢  46.66 +8.81" 1.00£0.00° 6.12+1.76° 6.00+291° 225+047° 550+132° 9.75+1.03*
2825  36.66 +12.01° 66.66 +8.81¢ 1.50 £0.22° 6.40 £0.79° 770 £157¢ 220%0.32*° 3.70 £0.77° 7.40 + 1.03¢
Greenwood  56.5  73.33 £14.52¢ 70.00 + 11.54% 1.14+0.07% 12.00+0.90° 11.04 £0.82*° 2.19+0.20*° 7.50 +0.48* 8.52+0.77°
84.75  80.00 £5.77° 70.00 +15.27¢ 1.26+0.09¢ 11.47 £0.93> 943 +0.95° 1.95%0.19® 571 £0.66° 6.00 = 0.62¢
113 90.00 +5.77*  90.00 £5.77° 1.25+0.11¢ 13.50 £0.97° 10.92+0.71° 1.88+0.17° 6.87 +0.65° 6.81 +0.71¢
0 6.66 +3.33¢  6.66+3.33" 1.00+0.00° 5.50%350° 5.00+1.00° 1.50+0.50® 4.00+2.00¢ 4.50 +2.50°
2825 4333 £17.63¢ 60.00 +25.16° 1.30+0.13¢  6.68 £0.98°  523+1.33° 130 £0.13> 3.57+0.37° 6.07 +0.62¢
Softwood  56.5 83.33+8.81°> 90.00+577° 1.20%0.08° 11.34+0.74* 920+0.69° 1.16+0.07° 5.28+0.60° 5.00+0.33°
84.75  83.33+3.33% 76.66+3.33° 1.30%0.10° 11.35+0.98* 10.40+1.23*> 1.00+0.00° 5.50+0.57° 4.65 +0.70°
113 96.66 +3.33*  96.66 +3.33 1.59+0.14> 11.03£0.92° 10.18+0.87° 1.11+0.06° 6.74+0.81°> 4.77 +0.43°
0 4333 £16.66° 43.33 £16.66° 1.50 + 0.23b¢ 7.58 +0.79¢  6.41 £0.91%  1.33+£0.14> 3.83 £ 0.44° 6.58 + 0.94¢
2825 2666 +12.01' 36.66 +6.66% 1.85+0.26° 6.71+0.71° 7.85+135% 1.28+0.18> 531+055 4.85+1.33¢
Hardwood  56.5  70.00 +15.27° 80.00 +15.27° 1.85+0.22*° 8.12+0.69¢  9.15+0.74° 1.35+0.10* 4.22+0.54¢ 6.30+0.51¢
84.75  80.00 £5.77° 80.00 +5.77° 1.58+0.13° 10.29 £0.87° 9.58 £1.00° 1.29+0.09> 5.77+0.76° 6.41 +0.42¢
113 96.66 +3.33* 100.00 £ 0.00° 1.58 +£0.16° 11.58 +0.68° 11.65+0.76* 1.20+0.07> 7.03 +0.68" 7.13 +0.49°

%7alues (means *+ SD) within a column followed by different superscript letters are significantly different at P< 0.05.
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Figure 4. Rooted Garcinia kola cuttings: (a) greenwood rooted cuttings with 56.5 cm?® leaf
area; (b) softwood rooted cuttings with 56.5 cm? leaf area and (c) hardwood rooted cut-
tings with 113 cm’ leaf area.

Rooted cuttings transferred under shade nursery for acclimation presented

100% survival percentage and growth in nursery during 18 months (Figure 5).

3.4. Regenerated Plants Survival in Situ

Regenerated plants after acclimatization presented 100% survival in nursery. Af-
ter a period of nine months the regenerated plants introduced into the forest
presented higher survival percentage (96.66%). Regenerated plants have pre-
sented ability to growth in the forest (Figure 6). The mean of initial and a final
value for a period of nine months, range to 52.42 + 13.09 to 55.08 + 13.86 cm for
plant height. The mean number of leaf range to 5.28 + 1.97 to 10.35 £ 6.73 and
the collar diameter range to 9.44 + 2.93 to 10.09 + 2.88 mm (Table 4).

4. Discussion

The different cuttings types from G. kola seedlings presented good ability on
rooting and shooting. Rooting percentage increases from greenwood to hard-
wood cutting. The best rooting percentage and mean primary root number per
cutting observed with hardwood cuttings is probably due to the high-level con-
tent of carbohydrates or food reserves [35]. However, these results with G. kola
differ to some extent from the generally expected norm in which cuttings from
the top of the shoot have an inherently greater rooting ability [24]. Unlike the
situation in many other species, this can be explained to some extent by the rela-
tively constant cutting length in the present study whereas many other species
like Triplochiton scleroxylon K. Schum. which have longer internodes at top of
their shoots [36]. Generally, longer stem cuttings from juvenile shoots have
greater capacity for rooting. This can be explained by their greater storage ca-
pacity for current assimilates in the propagator before the emergence of new
roots [30]. [36] also found some evidence that storage capacity was determined
by stem thickness (cutting diameter). In the present study, the successful rooting
of hardwood cutting can be due to their large diameter. Similar results were no-
ticed by [37] on vegetative propagation of Ficus roxburghii Wall. These authors

noticed that cuttings with large diameter presented higher sprouting and rooting
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ability due to their more food reserves in these cuttings. According to [38], the
sprouting of cutting depends on food reserves available within the cuttings in

vegetative propagation.

Figure 5. Seedlings of G. kola regenerated in non-mist poly-propagator
by stem cuttings and acclimatized in shade nursery.

(a) (b)

Figure 6. Regenerated Garcinia kola plant planted in the forest: (a) plant
introduce in forest (b) plant growth in the forest after nine months.

Table 4. Comparison of means values of growth parameters of young G. kola plant in situ
nine months after planting.

Statistics
Parameters Times Means
t P

Plant height (cm) Initial 52.42 £13.33 4.443 0.000
Final 55.08 + 14.12

Collar diameter (mm) Initial 9.44 +£2.98 7.213 0.000
Final 10.09 +2.94

Number of leaves Initial 5.28 +2.01 4.345 0.000
Final 10.35 +6.85

Number of ramifications Initial 0.00 £ 0.00 7.481 0.000
Final 2.17 £ 1.54
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Regarding shooting percentage, mean shoot number per cutting, mean shoot
length and mean leaf number per cutting, the best value observed to greenwood
cutting is due to it physiological state. Three or two shoots sprouts on the apical
part of the cutting. While, one or two axillaries buds’ sprouts on the other cut-
ting type.

Rooting and shooting percentage, mean primary root length, mean secondary
root number and mean shoot length enhance with increasing of leaf area. The
best values observed to cutting with 113 cm? leaf area followed by those of 84.75
cm’ leaf area, can be explained by the higher photosynthesis activities of these
cuttings which produce carbohydrates and provide a source of energy essential
for root emission [39]. The results of the present study with G. ko/a are conform
to existing reports on the rooting of stem cuttings in other tropical tree species,
such as: Triplochiton scleroxylon [26], Cordia alliodora (Ruiz & Pavon) [40],
Lovoa trichilioides Harms [41] in terms of the very important role of the leaf on
cutting propagation. But the results of G. ko/a differ of those of Shorea leprosula
Roxb. ex C.F. Gaerth which stem cuttings rooting decrease with increasing of
leaf area [42].

Combined effect of cutting type and leaf area significantly influenced all the
rooting and shooting parameters. The best rooting and shooting percentage of
cutting with 113 cm” leaf area followed by those of 84.75 cm® and 56.5 cm’ leaf
area whatever cutting type can be explained by the high level of photosynthesis
activities which produce important quantities of carbohydrates for root forma-
tion and elongation. Investigations on the role of the leaf in the rooting process
have indicated that rooting ability is maximised when severed cuttings are pho-
tosynthetically active and producing assimilates for root development and elon-
gation of the root primordia in the absence of water stress [43].

According to [24], the factors determining the rooting and sprouting of leafy
softwood cuttings are very different, depending on photosynthates produced in
the propagation bed, while hardwood cuttings depend on the hydrolysis and
availability of carbohydrates stored within the stem tissues. Vegetative propaga-
tion of G. kola by stem cuttings can be highly associated with presence of leaves
which produce significant level of endogenous auxins and provide more stimuli
on the base of cutting to promote rooting without using exogenous rooting
hormone application.

The best mean root number per cutting observed on hardwood cutting with
28.25 and 56.5 cm’ leaf area suggested that these leaf areas can promote root
number. The best mean primary root length observed to greenwood cuttings
with 113 cm’ leaf area suggested that this leaf area produce sufficient carbohy-
drates, hormones and co-factors for root elongation. The lowest primary root
length of leafless cutting and cutting with 28.25 cm? leaf area shows the impor-
tance of the leaf on G. kola cutting propagation. During rooting process, shoot-
ing and leafing contribute to enhance rooting. In case of G. ko/a, shoot devel-

oped first and produce endogenous rooting hormones which come down on the
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base of cuttings. The importance of leaves and new shoots in cuttings relies on
the fact that these organs produce plant hormones, such as indoleacetic acid, and
rooting cofactors, both essential for adventitious root formation which moves to
the base of cutting to promote root initiation [44]. Rooting process starts by the
callus formation on the base of the cutting.

The well survival percentage of regenerated plants and its growth in the forest
may be due to its vigour. The regenerated plants presented for those cuttings two
primary roots which promote the consolidation of the plant. The rooting quality
and the high number of secondary roots promote well nutrition and growth ac-
tivation. On the other end, the well survival rate can be explained by the best
adaptation of regenerated plants of the climatic conditions of the forest. This
result is essential for the species biodiversity conservation through its introduc-
tion in the forest. The cultivation of the species should be possible by using re-

generated plants from cuttings.

5. Conclusion

This study indicates that regeneration of G. ko/a by seedling from stem cuttings
is possible and this was not requiring necessary using exogenous hormones and
sophisticated equipment. Non-mist poly-propagator provides well conditions for
stem cuttings propagation success. Greatest success was achieved using hard-
wood cuttings with 113 cm’ leaf area. Further work should seek the optimal
conditions for large-scale production of selected G. kola cultivars for cultivation
by local farmers. Such conditions are appropriate for use in remote locations in
tropical countries, even without purchased rooting hormones. The best survival
rate and growth of regenerated plants in forest represent an important step for

the species cultivation and domestication through agroforestry systems.
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