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ABSTRACT

The aim of this study was to evaluate the rate of regrowth of
Hallea stipulosa cuttings on different substrates by vegetative means, a
hydrophytic species of the Mombonga and Labo rivers in Gemena
(South Ubangi) in the Democratic Republic of the Congo (DRC). To
collect the data a randomized experimental design consisting of four
treatments was used, namely: To (hydromorphic soil); T1 (dry land soil
+ potting soil), T2 (hydromorphic soil + potting soil), T3 (dry land soil +
dirt) and T4 (sawdust + hydromorphic soil). The study showed that the
regrowth rate was 100% six weeks after the experiment while the
survival rate was constant for all treatments applied. Tz (dry land soil +
dirt) had a survival rate of 100% followed by Ts (sawdust +
hydromorphic soil) with 88.9%. The substrates To, T1: and T yielded
77.8%. The survival rate of the seedlings from the 2nd to the 5th week
after taking over the cuttings showed a statistically significant difference
between the treatments applied (p<0.05). With a survival rate of 88.9%,
the average of T4 (sawdust + hydromorphic soil) straddles the gap
between these two groups and does not show a significant difference
with all treatments. The Tz and T4 substrates (sawdust + hydromorphic
soil) thus shorten the duration of cuttings for this plant species. Thus, the
domestication of this multifunctional plant can reduce human pressure
on natural forests while improving the lives of local communities by
creating a productive ecosystem.
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INTRODUCTION

Vegetation is the set of plants that grow in a given place according to their nature.
It plays a major role in the production and protection of soil and humus, in the production of
oxygen, as a bio-indicator and in the carbon cycle (Trochain, 1980). In wetlands, the role of
vegetation, in general, and trees in particular, is significant for water management, bank
stabilisation, erosion control as well as fisheries maintenance and habitat for biodiversity
(Bouldjedri et al., 2011). These wetlands can be preserved from degradation or restored
through appropriate conservation and management measures (Diana, 1992). To this end,
humans must use them wisely and sustainably so that they best meet the needs of present
generations while maintaining their capacity to meet the needs of future generations. This
implies the maintenance of a set of natural features of wetland ecosystem components such
as water, nutrients, soils, plants and animals in all their diversity (Sinsi & Kampmann, 2010).
Thus, wetlands are a public good to be protected as they harbour about 80% of biodiversity
and play a key role in the regeneration of water resources and the preservation of
biodiversity. Its implementation is governed by the Convention on Wetlands, also known as
the Ramsar Convention (De Klemm, 1990).

Currently, the conservation and sustainable management of natural resources is
required by the Aichi Biodiversity Targets, especially articles 11 and 16, which aim to ensure
that at least 17% of forest areas, inland waters including coastal areas and some particularly
important areas and 100% of marine areas are protected for ecological reasons, access to
genetic resources, and fair and equitable sharing of benefits derived from their use
(Santamaria & Bodin, 2017). However, the anthropic pressure and the shrinking of the
Mombonga and Labo rivers in the town of Gemena, causing the progressive disappearance
of the hydrophytic species that once surrounded them, is very worrying. This is why it is
necessary to resort to vegetative propagation in order to multiply elite trees of certain species
which, until now, were normally regenerated by natural seedlings (Meunier et al., 2008).
The present work aims at the macro-propagation of Hallea stipulosa, a very useful plant in
the Democratic Republic of Congo (Latham & Konda, 2006), with the aim of providing
material for the restoration and/or protection of the above-mentioned rivers thanks to the
different treatments allowing to shorten the duration of its biological cycle. In order to do
S0, it is necessary to answer the following main research questions:

= |s vegetative propagation by cuttings of H. stipulosa possible in the bioclimatic conditions

of Gemena?

= What type of substrates would favour its propagation by cuttings?

The following assumptions should be checked:

= As with other wetland species, cuttings of H. stipulosa would be possible;

= Firm soil mixed with rice husk would be the best type of substrate to favour its cuttings.
The present study aims to evaluate the recovery of H. stipulosa cuttings on different
substrates and to study the behaviour of the plants on substrates. The interest of this study is
obvious because it will allow putting at the disposal of the riparian population plants for the
protection of wetlands and deforested banks of the two watercourses Mombonga and Labo
of the city of Gemena.

MATERIALS AND METHODS

Study Area:

The Gemena Territory (Fig. 1) is located between 2° and 4° North latitude and 18°
and 20° East longitude with an average altitude of 400 metres above sea level. It covers a
total area of 11,488 km?, of which 50 km? is the city of Gemena. The seasons of the year are
distributed as follows: from November to February, plus the month of July, while the rainy
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seasons are from March to June, followed by August to October. The territory of Gemena
has sandy-clay soil. In some places the soil is calcareous or clayey; however, the soil along
the Labo River is ferralitic with an acid pH. The relief of the Gemena area is characterised
by hills and hill ranges. The vegetation is dominated by Chromolaena odorata, swamp
forests and gallery forests. The territory is also partly made up of Imperata cylindrica
savannah, particularly in the Nguya and Mbari sectors.

Légende:

—— Routes [ Limite Sud-Ubangi
Cours d'eau [ Limites provinces

Territoires Sud-Ubangi:

Il Budjala
Gemena
Kungu

B Libenge

B Zongo

Sources : DATA RGC RDC, Image LandSat 2010. Projection : WGS 84 0 25 50 75 100 125 150 175km

Michel M. Janvier 2023,

Fig. 1: Geographical location of Gemena Territory (South Ubangi Province).

Experimental Site:

The experimental site was installed on the banks of the Labo River (Quartier Ferme
I, Commune de Labo) in Gemena. It is bounded to the north by the Jehovah's Witnesses
Church concession; to the south by the Labo River; to the east by the Bokuda group and to
the west by the Goza concession.

Experimental Design:

The experimental design in this study is completely randomised, consisting of five
treatments from four different soil types and mixed with different culture substrates: To
(hydromorphic soil); T1 (dry land soil + potting soil), T2 (hydromorphic soil + potting soil),
T3 (dry land soil + dirt) and T4 (sawdust + hydromorphic soil). A total of 45 cuttings were
prepared with 9 cuttings per treatment and divided into three repetitions as shown in Figure
2.

T2 T2 Ts
Ts Ts To
T4 Ty Ts
Ty T Ts
To To To

Fig. 2: Experimental design.
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To (hydromorphic soil); T1 (dry land soil + potting soil), T (hydromorphic soil +
potting soil), T3 (dry land soil + dirt) and T4 (sawdust + hydromorphic soil).
The cuttings were planted directly on each substrate on 14 May 2021.
Observation Parameters:
For this study, observations were made on:
= The number of stems grown in each treatment
= The recovery of cuttings, which consisted in noting the number of days elapsed from the
setting up to the beginning of the appearance of the leaf, then the calculation of the recovery
rate (RR) from the 7th day using the formula:

Number of recovered cuttings
RR (%) = . - x100
Total number of cuttings experimented

= The survival of the plants at a certain time interval after the placement of cuttings, i.e. from
the 2nd to the 6th week. The survival rate (SR) is calculated from the formula:

Number of plants alive at the end of the period
X

SR (%) = 100

Total number of plants growing

= The growth of the plants focused on the length of the first leaf, measured with tape at the
2nd, 3rd, 4th and 5th week after taking the cuttings. Thus, the growth rate of the first leaves
was calculated using the formula:

Change in length (cm)

Ve (em/d) = 5 e interval (days)

Data Analysis:
All data collected was analysed using Statistix 8.0 software package.

RESULTS
Taking Cuttings:
The influence of each type of substrate on Hallea stipulosa cuttings is reflected in

the recovery rate values recorded in Table 1.

Table 1: Indicators of recovery of Hallea stipulosa cuttings 7 days after placement

Number of cuttings Number of Recovered Recovery rates
Treatment s

placed Cuttings (%)

To 9 9 100

T 9 9 100

Ts 9 9 100

Ts 9 9 100

Ta 9 9 100
Average 9 9 100

From this table it can be seen that the cuttings recovery rate was 100%. This shows
the homogeneity of the effects of these five treatments on the recovery of cuttings of Hallea
stipulosa.

Survival of the Plants:

One week after the takeover until the end of the experiment, i.e., 5 weeks after the
takeover of the cuttings (WATC) or 6 weeks after the placement of the cuttings, the mortality
of the plants was observed, the number of which varied from one treatment to the other, as
illustrated by the survival rate shown in Table 2.
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Table 2: Indicator of survival rate of Hellea stipulosa plants 1 WATC

Repetition Treatments
To T T; Ts Ty
R1 1000 [ 1000 [ 1000 [ 1000 | 100.0
R2 66.7 66.7 66.7 100.0 100.0
R3 66.7 667 | 667 1000 [ 667
Average 77.8£19.2° | 77.8+£19.2°  77.8£19.2° | 100.0+0.0° 88.9<19.22
Overall average | 84.46
CcV 13.47
Fisher Cal 2.29
Probability 0.15
L.SDg s 21.42

Legend: WATC: Week After Cutting (no significant difference between treatments whose means are
followed by the same letter)

Statistically, the analyses of the survival rates of the seedlings from the 2nd to the
6th week after cutting showed that there are two groups of treatments (a and b) within which
the means are not significantly different from each other. Thus, T3 (dry soil + rice husk)
showed a survival rate of 100% significantly higher than the other treatments, namely Toand
T1 and T2, which were tied at 77.8%. With a survival rate of 88.9%, the average of T
(sawdust + hydromorphic soil) straddles these two groups and shows no significant
difference with all treatments.

Table 3 shows the evolution of the survival of the plants from the beginning to the
end of the experiment.

Table 3: Indicator of the evolution of the survival of Hallea stipulosa plants.

. 1 WATC 5 WATC
Treatment Glllowilllg Living o Living o
plants plants SR (%) Plants SR (%) MR
To 9 7 77.8=19.2 7 77.8£19.2
T) 9 7 77.8=19.2 7 77.8£19.2 22.2
T 9 7 77.8£19.2 7 77.8£19.2 22.8
T3 9 9 100.0=0.0 9 100.0=0.0 0.0
T, 9 8 88.9£19.2 8 88.9x19.2 11.1
Average 9 7.75 86.1 7.75 86.1 39.0

(Legend: WATC = weeks after taking cuttings SR = survival rate; MR = mortality rate).

The results in Table 3 clearly indicate that from one week after recovery to the end of the
experiment, the survival rate remained constant for all treatments applied, until the end of the
experiment.

Growth Parameters:

For this study, only leaf length data were considered (Tables 4 and 5).

Table 4: Average indicators of growth in leaf length (cm) 2 WATC.

Treatments
Repetition TO T1 T2 T3 T4
Rl 6 8 6 10 10
R2 7 5 6 8 8
R3 8 6 4 6 9
Average 7.0£1.020.¢| 6.3+1.5%¢ 5.3+1.2¢ | 8.0+£2.02% | 9.0+1.0°
Overall average | 7.13
CV 18.28
Fisher Cal 3.59
Probability 0.59
LSDg, 05 2.46

Legend: WATC: Week After Cutting (no significant difference between treatments whose means are
followed by the same letter); CV: coefficient of variation
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Statistically, two weeks after cutting, the growth in leaf length showed that there are three
groups of treatments (a, b and ¢) within which the means are not significantly different from each
other.

Table 5: Average indicators of growth in leaf length (cm) 4 WATC.

Treatment

Repetition Ta T, T> Ts Ty
R1 11.5 11.0 8.5 14.0 15.0
R2 12.5 9.5 9.0 12.0 15.0
R3 12.0 18.0 7.0 12.5 14.0

Average 12+0.5b¢ 10.8=1.3¢ 8.2+1.0¢ | 12.8=1.22° | 14.7=0.62

Overall average | 11.7

CV 8.53

Fisher Cal 17.63

Probability 0.0005

LSDy, o5 1.88

Statistically, four weeks after cutting the growth in leaf length showed that there are four
groups of treatments (a, b, ¢ and d) within which the means are not significantly different from
each other.

The growth rate of the leaves is summarised in the following Table 6.

Table 6: Leaf growth rates.

Treatment In the 2 WATC 4 WATC
Recovery
L AL VC L AL VC
(cm) (cm) (cm/day) (cm) (cm/day)| (cm/day)
Ty 0 7.0 0.5 12.0 5 0.36
Ty 0 6.3 0.45 10.8 4.5 0.32
T 0 5.3 0.38 8.2 2.9 0.20
T3 0 8.0 0.57 12.8 4.8 0.35
Ts 0 9.0 0.64 14.7 5.7 0.40

Legend: WATC= Weeks After Cutting
L= Length (cm); AL = Variation in length (cm); VC = Growth Rate (cm/day).

It was observed that two weeks after taking the cuttings, the leaf growth rate of T4 was
higher than the other treatments, followed in decreasing order by Ts, To, T1 and T». In the 4th week
after taking the cuttings, the same observation remains but Ty is ahead of Ts.

Concerning the trend of this leaf growth rate for all the treatments applied, it goes in decreasing order,
from the taking of cuttings as shown in Figure 3.
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Fig. 3: Trend in the growth rate of first leaves.
Legend: SARB/WATC = Weeks After Cutting).

Figure 4 shows the plants in off-field cultivation.

~

. 4: Experimental field (off-field)

Fig
DISCUSSION

The results obtained in this study show that one week after cutting, the recovery rate
was the same for all treatments applied, i.e., 100% of the cuttings taken. This clearly shows
the ease of reproduction of Hallea stipulosa by vegetative means.
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Working on cuttings of the kolatier Cola acuminata (P. Beauv.) Schott & Endl. In South
Ubangi, Bosanza et al. (2017) observed an average rate of recovery of cuttings of about 73%
seventy days after cutting: semi-hardened cuttings with 86.7% compared to 60.0% for
hardened cuttings; semi-hardened orthotropic shoots (93%) were followed by semi-hardened
plageotropic ones (80%). The results obtained in this study clearly show the ease with which
Hallea stipulosa can be reproduced by cuttings. Indeed, taking cuttings allows the mother
plant to be reproduced identically, with all its qualities but also all its defects. For slow-
growing plants, cuttings can shorten the biological cycle. The success rate varies according
to the species, but generally, the average recovery rate of cuttings during the dry and hot
period is 74.2%, which is high, and therefore it deserves to be generalised at the level of
plant production nurseries (Abdessemed & Ledra, 2021). T3 (dry soil + rice husk) showed a
survival rate of 100% significantly higher than the other treatments, namely Toand T and
T, which are tied at 77.8%. With a survival rate of 88.9%, the average of T4 (sawdust +
hydro morphe soil) straddles these two groups and shows no significant difference with all
treatments. These values corroborate those obtained by other researchers in Kolatier
according to which, for the survival of the seedlings until the 90th day after cutting, the semi-
hardened cuttings gave average values of 70% (i.e. 80% for the orthotropic cuttings and 60%
for the plageotropic cuttings) (Bosanza et al., 2017).

The conservation of this phytogenetic resource is of great interest to the local
population for its medicinal properties and in addition, Hallea stipulosa (DC.) J.-F.Leroy
(Rubiaceae) constitutes an ecological niche for fish. Indeed, studies indicate that the
decoction and maceration of barks and leaves are used in traditional medicine to treat fever
(especially malaria), stomach ache, colic, diarrhoea, dysmenorrhoea, menorrhagia and liver
ailments, as a purgative, emetic and oxytocic. The leaf powder treats skin diseases and the
fruit extract is prescribed for asthma (Bolza & Keating, 1972). Phytochemically, several
alkaloids with hypotensive and anaesthetic properties as well as intestinal and uterine
contraction properties have been isolated from Hallea stipulosa. The leaves and barks of this
plant are bioactive against Staphylococcus aureus, Escherichia coli, Bacillus subtilis and
Pseudomonas aeruginosa, thus attesting to its possible use in traditional medicine as an
antiseptic for wounds. Triterpene compounds such as quinovic acid, a-amyrin, quinovic
acid--3-O-B-D-quinovopyranoside-27-O-B-D-glucopyranosyl; quinovic acid, ursolic acid,
quinovine C glycoside, 3-O-acetyl-Bursolic acid; quinovic acid-3-O-p-D-glucopyranoside;
oleanolic acid; zygophyloside B, zygophyloside D, daucosterole as well as associated and
derived heterosides have been isolated from the bark of this plant (Fatima et al., 2002). The
quinovic acid glycoside isolated from this plant is an inhibitor of phosphodiesterase | of
snake venom. And in Cote d'lvoire, the bark is prescribed for the treatment of gonorrhoea
(Bouquet et al., 1974). In Guinea, the decoction of the stem bark is used as a diuretic,
antiseptic and anti-infective while the infusion is used in the treatment of female infertility
and the leaves as a topical antiseptic for wounds (Magassouba et al., 2007). In Ghana, the
decoction of dried stem bark, administered orally, is very effective against Guinea worm.

The decocted is used to treat malaria in adults while the bark is used for the
treatment of genital, urinary and worm infections (Fatima et al., 2002). Monizi et al. (2018)
in northern Angola showed that the stem of Hallea stipulosa is used for agricultural
equipment (handle of hoe, axe, etc), House construction, cooking utensils, Mortar,
Traditional extracting of sugar cane juice, domestics goods. In addition, the bark stem is
used to give strength to fermented sugar cane juice. According to Mutombo (2014), fish
species of the genus Protopterus (Nzombo), Parachanna (Mongusu), Clarias (Ngolo),
Clariallabes (Ngbangele), Xenomystus (Lopelele), Papyrocranus (Lolembe) nesting under
Hallea stipulosa. Thus, prior knowledge of the goods and services that H. stipulosa is
capable of rendering argues in favour of its conservation for future generations in the context
of sustainable development (SDG 15) in that this plant can provide goods of monetary value
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(phytomedicines, fish niche), it can render enormous services in climate regulation as a
carbon sink. As traditional medicine in Africa occupies a key position in the management of
diseases (Ngbolua et al., 2011a, b) domestication of this multifunctional plant can reduce
human pressure on natural wetlands while improving the lives of communities through the
creation of a productive ecosystem. To our knowledge, this is the first time this study has
been carried out.
CONCLUSION AND SUGGESTIONS
The aim of the present study was to evaluate the recovery rate of Hallea stipulosa
cuttings on different substrates by vegetative means, a hydrophytic species of the Mombonga
and Labo streams in Gemena. The results of this work show that six weeks after
experimentation, the rate of recovery of cuttings was 100%. This shows the homogeneity of
the effects of these four treatments on the recovery of H. stipulosa cuttings. Regarding the
survival of the plants, the results indicated that from the takeover to the end of the
experiment, the survival rate was constant for all treatments applied. The Tz substrate (firm
earth soil + rice husk) showed the best survival rate. These results demonstrate that H.
stipulosa cuttings are possible under the bioclimatic conditions of Gemena and that its
growth rate can rapidly ensure the enrichment and restoration of deforested wetlands. The
T3 and T4 substrates (sawdust + hydro morphic soil) thus make it possible to shorten the
duration of cuttings of this plant species due to the content and contribution of organic matter
in the treatments. In view of these preliminary results, some suggestions can be made as
follows:
= Proceed with the installation and multiplication of a wood park in the degraded and
experimental areas to facilitate the restoration of these wetlands;
= Raise awareness and provide guidance to the local population on the use and protection
of wetlands;
= Apply laws and regulations on the practice of agriculture, urbanisation and housing,
environmental protection and logging in wetlands.
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