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Abstract

Nauclea diderrichii is a tree species of economic importance. However, its plantation
establishment is limited by inadequate seedling production. Hence, there is ample scope
of tissue culture for its mass propagation. Its in vitro plantlets development as affected by
media strengths indicated that 100 % seed germination was obtained in full MS basal
medium while the least (3.35 %) was from quarter-strength at 8 Weeks after inoculation
(WAI). The effects of BAP and NAA assessed on the growth of its sub-cultured plantlets
showed that highest number of leaves (17) and adventitious shoots (3) were obtained
from MS basal medium supplemented with 0.1 mg/l BAP only. Whereas, highest shoot
length (3.61 cm) and average number of roots (5/plantlet) were obtained from the same
medium without hormone(s) at 8 WAI. Further sub-culturing into MS with 0.05 mg/I
NAA resulted into plantlets having optimum shoot and massive root growth ready for
acclimatization in 6 WAI. The plantlets were successfully acclimatized using coconut-
husk/topsoil mixture with 90 % survival.

Introduction

Nauclea diderrichii commonly known as Opepe belongs to the family Rubiaceae. It is a
timber species indigenous to tropical rainforest of West Africa (Leakey 1990). It is one of
the five local priority species used in plantations in West African sub region (Onyekwelu
2001). The species is moderately resistance to decay, stem borers and termites (Orwa et al.
2009) while different parts of the species (back, leaves, root and fruit) are loaded with a
range of therapeutic compounds (Haudecoeur et al. 2018). Hence, it is harvested from the
wild and used traditionally for medicinal purposes, wood and timber production. Its
leaves and stem back extracts are reported for activities on metabolic disorders (Agnaniet
et al. 2016, Ogbole et al. 2016). Its leave is also used for the treatment of skin disorder in
keffi, Nigeria (Mustapha et al. 2013). The back and stem back are used for treatment of
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female infertility (Betti 2002) and Sexual asthenia in Cameroon (Nole et al. 2016) and
Gabon (Towns 2014b). The back is credited with diuretic properties and is also used as
anti-diabetic, blood thinner and for anaemia in Cameroon (Ndenecho 2009; Nole et al.
2016; Laleye et al. 2015). In central Africa, N. diderrichii back, root and stem are used
against fever (Eyong 2007). Its back, root and fruit are also used for tooth and back ache
(Ndenecho 2009), stomach problems, dental and oral care (Betti 2002), diarrhea and
gonorrhoea (Chukwuma et al. 2015). The species timber quality is rated high in terms of
strength and durability and therefore used in heavy construction, joinery, flooring,
plywood and many other domestic uses as well as in building industries (Orwa et al.
2009; Adjonou et al. 2014).

Due to the economic importance of N. diderrichii coupled with increasing population
and living standards, the species is threatened by heavy exploitation and uncontrolled
harvest (Keay 1964; Jusu and Sanchez 2014), hence, its “vulnerable” status on the
International Union for Conservation of Nature (IUCN) Red List of threatened Species
(IUCN 1998). Nonetheless, in spite of the abundance of fruits produced by the tree
species yearly, regeneration by seed is very low (Pitekelabou et al. 2015). Seeds can
remain dormant in soil until stimulated to germinate by increased sunlight exposure.
Moreover, seedlings at early stage are susceptible to damping off as rate of growth is
very low (Opuni-Frimpong and Opuni-Frimpong 2012). This necessitates artificial
regeneration through in vitro propagation technique in order to evade the species from
the risk of extinction (Onyekwelu et al. 2003). In-vitro vegetative micro-propagation
technique allows for regeneration, multiplication and preservation of endangered species
(Chen et al. 2001).

Conversely, mass propagation of tree species in vitro is faced with many challenges
among which are lack of protocols and that of reproducibility of existing protocols. Till
date, protocol for in vitro and mass seedling production of N. diderrichii is not widely
available. In view of the above the present work sought to develop protocol for in-vitro
propagation of the species with a view to establish suitable culture media for its plantlet
establishment, determine the most suitable levels of growth regulator(s) for its shoot
regeneration and proliferation, root induction and optimize potting media for the
acclimatization of its in vitro generated plantlets

Materials and Methods
The study was conducted at Biotechnology Centre of Forestry Research Institute of
Nigeria (FRIN). The Institute is located on longitude 07023'18" to 07°23'43""N and latitude
03051'20" to 03°23'43"E (FRIN, 2018).

Plantlets establishment was initiated using different strengths of Murashige and
Skoog media supplemented with BAP (Table 1).
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Table 1. MS media strengths for plantlets establishment.

Media strength (%) BAP (mg/l)
25 1
50
75 1
100 1

Shoot regeneration and root induction experiment was carried out using different
treatments to determine the best. It involved MS basal medium supplimented with both
BAP and NAA as stated in Table 2.

Table 2. Treatment composition for shoot regeneration and root induction.

Treatments BAP (mg/l) NAA (mg/l)
A 0.0 0.0
B 0.0 0.1
C 0.1 0.0
D 0.2 0.1
E 0.3 0.2
F 0.4 0.3
G 0.5 0.4

Both experiments were set up with 30 and 7 replicates respectively and laid out in CRD.

The different concentrations of MS basal media were prepared using 34.43 g/l MS
media powder (M5501, SXS5501015A). Plant Growth Regulators (PGRs) were added
accordingly as stated in Tables 1 and 2. The media pH was adjusted to 5.8 and gelled
with 9 g/l of Agar (Sigma Aldrich, Lot 83112) while 20ml was dispensed into each tube
and sterilized at 121°C and 15 psi for 15 minutes.

Seeds were used as explant for clean plantlet establishment. Freshly collected N.
diderrichii seeds were disinfected by dipping in a mixture of fungicide for 30 minutes,
followed by 70% ethanol for 3 minutes and 10% hypochlorite solution for 5 minutes. The
explants were rinsed thrice after each steps and then blotted on sterile filter paper. The
seeds were inoculated on the average of 5 seeds per tube, sealed and placed in the
growth room under 16/8 hours light/dark photoperiod.

The shoot tips and nodal segments (about 1.5 cm size) of grown plantlets from the
first culture were subcultured for shoot regeneration/rooting experiment. Further sub-
culturing was done using the same MS basal medium but supplemented with 0.05 mg/I
NAA.
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The acclimatization of the generated plantlets was done on natural substrate
containing coconut husk and topsoil at ratio 3:1. The substrate was initially sterilized in
an autoclave at 121°C and 15 psi for 30 minutes. The culture tubes containing the sub-
cultured plantlets were decapped and exposed for 4 days. Fungicide was introduced into
the tubes to prevent fungal attack. The mixture was moistened and filled into seedling
tray while the plantlets were transplanted. The transplants were kept under mist
propagator in the acclimatization chamber and sprayed regularly with fungicide solution
for two weeks. At 6 weeks after transplanting, the survived transplants were transferred
into polythene pots containing 1 kg top soil and watered regularly in the acclimatization
chamber.

Data collection and collation was based on germination percentage, shoot length,
number of leaves, number of adventitious shoot and number of roots at intervals of four
weeks. Data collected were subjected to analysis of variance using SPSS (Edition 20).
Significantly different means were separated using DMRT at p <0.05

Results and Discussion

The results showed that seed germination had started at 4 weeks after inoculation (WAI)
and by 8 WA, the results showed that MS media at full basal salt (100 %) supported the
germination best having 100 % (Figure 1). This was followed by 53.35 % and 30 % from
MS 75 % and 50 % basal salts respectively while the least (3.35 %) was from MS 25 %
basal salts. Consequently, MS 100 % basal salts was subsequently used for sub-culturing
of the species.
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Fig. 1. Effects of different MS basal salts on in vitro germination of N. diderrichii seeds.
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The results indicated that Nauclea diderrichii can be successfully regenerated from
seeds on high nutrient medium such as MS basal. The downward pattern of germination
from the highest rate in 100 % basal medium to the lowest in the 25 % MS basal medium
showed that the species requires high nutrient for its propagation. The availability of
maximum nutrients in 100 % MS basal medium could have led to highest germination
rate observed at 8 WAI (Fig. 1).

The result of the effects of BAP and NAA on in vitro shoot length of regenerated N.
diderrichii is shown in Table 3. Analysis of variance revealed that there was significant
difference (p < 0.05) between the means of the shoot length at 4 WAI whereas by 8 WAL,
the shoot lengths were comparable between the treatments. Average of 2.8 cm shoot
length obtained from treatment A (MS without growth regulators) was significantly
higher than 1.9 cm, 1.89 cm and 1.49 cm obtained from treatments E, F and G (media
added 0.3/0.2, 0.4/0.3 and 0.5/0.4 mg/l BAP/NAA) respectively at 4 WAI. By 8 WAI,
highest shoot length of 3.61 cm was obtained from treatment A followed by D (3.23 cm),
B (3.11 cm) and C (2.90 cm) while the least, 2.39 cm was from treatment G (Plate 1).

The number of roots of regenerated N. diderrichii plantlets as affected by BAP/NAA
treatment is presented in Table 3. Significant difference (p < 0.05) was observed between
the plantlets roots mean difference at 4 and 8 WAI while the results follow similar trends
at both periods. Treatment A (MS without PGRs) with average of 3.71 and 5.0 roots was
similar to treatment B (2.43, 3.29) and C (2.14, 2.29) at 4 and 8 WAI respectively.
Moreover, it was higher than treatment D, E, F and G in between which there was no
significant difference.

Table 3. Effects of BAP and NAA on shoot length and number of roots of N. diderrichii at
successful growth weeks.

Shoot length (cm) Number of roots
Treatments

4 WAI SWAI 4 WAI SWAI
A 2.80a 3.61a 3.71a 5.0a
B 2.24ab 3.11ab 2.43ab 3.29ab
C 2.34ab 2.90ab 2.14abc 2.29bc
D 2.14abc 3.23ab 0.43bc 0.71bc
E 1.90bc 2.60ab Oc Oc
F 1.89bc 2.49b 0.14c 0.14c
G 1.49¢c 2.39b Oc Oc

Means in the same column followed by the same alphabets are not significantly different at (p <
0.05).
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Table 4 showed the number of leaves of regenerated plantlets of N. diderrichii as
affected by BAP/NAA combination at successive growth weeks. There was significant
difference (p < 0.05) in the number of leaves at both periods of observation. Treatment C
(containing 0.1 mg/l BAP only) had average of 14.6 leaves, higher than all other
treatments at 4 WAI. By 8 WAI, treatment C had 17 number of leaves which was
comparable to treatments D (14.3) and G (13.4) while greater than others. Moreover,
treatments E, F, B and A produced similar number of leaves; 12, 11.1, 8.6 and 8.3
respectively at 8 WAI (Table 4 and Plate 1).

The number of adventitious shoot induced by BAP/NAA treatment on N. diderrichii
plantlets as presented in Table 4 showed there was significant difference in the effects of
treatments. The results also revealed that the lower the BAP/NAA combinations, the
more the shoot produced. Treatment C (0.1 mg/l BAP) had highest number of
adventitious shoots, 2.9 and 3.0 at 4 and 8 WAI respectively. These value were greater
than all other treatment while treatment B (0.1 mg/l NAA) produced no adventitious
shoots by 8 WAI (Fig. 1).

Table 4. Effects of BAP and NAA on number of leaves and number of adventitious shoots of N.
diderrichii at successful growth weeks.

Number of leaves Number of Adventitious shoots
Treatments
4 WAI 8 WAI 4 WAI 8 WAI
A 6.7cd 8.3c 0.3b 0.3
B 5.4d 8.6¢c 0.0b 0.0b
cC 14.6a 17.0a 2.9a 3.0a
D 10.7b 14.3ab 1.3b 1.1b
E 10.1b 12.0bc 0.7b 0.7b
F 8.7bc 11.1bc 0.6b 0.6b
G 10b 13.4ab 0.6b 0.6b

Means in the same column followed by the same alphabets are not significantly different at (p <
0.05)

The observed better results in terms of shoot length and number of roots from MS
basal medium without growth regulators in comparison to those supplemented with
BAP/NAA (Table 3) suggested that shoot regeneration/rooting of N. diderrichii plantlets
could be achieved in vitro without hormones. These results corresponded with that of
Afolabi et al. (2018) where % strength MS medium without growth regulators elicited
better growth in terms of shoot length, number of nodes and root on Moringa oleifera
plantlets at 4 WAL
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Moreover, highest number of leaves and adventitious shoots from medium containing
BAP alone (0.1 mg/l) underscored the importance of cytokinins like BAP as plants
multiple shoot inducing hormone. There was no opposing effect of NAA in the medium
hence, BAP had unhindered influence on the plantlets shoot formation and leave
morphology which leads into highest results from the treatment at 8 WAI (Table 4 and
Fig. 1C). This result could be related to the observation of Pei and Wei (2019) on
Neolamarckia cadamba of the same family that 1.0 mg/l BAP used in B5 medium provided
most suitable medium for shoot induction of the species nodal explants.

Fig. 1. Effects of BAP and NAA on in vitro growth of N. diderrichii at 8 WAI (A) 0.0/0.0, (B) 0.0/0.1,
(C) 0.1/0.0, (D) 0.2/0.1, (E) 0.3/0.2, (F) 0.4/0.3 and (G) 0.5/0.4 mg/l BAP/NAA

Further subculturing using the same MS medium but suplemented with 0.05 mg/I
NAA resulted into complete plantlets having shoot with vigour and massive roots ready
for acclimatization in six weeks (Fig. 2A). Consequently, this condition was used for mass
production of the species through repeated successive sub-culturing on average of 1
plantlets to 5 tubes at interval of six weeks. This result indicated that 0.05 mg/l NAA is
the optimum for production of N. diderrichii plantlets on solid MS medium. This result is
contrary to the report of Pitekelabou et al. (2015a) who stated that IBA used at 0.1 mg/I
was better appropriate for improvement of N. diderrichii in vitro rooting. N. diderrichii
plantlets developed in this study were successfully acclimatized on coconut husk/top soil
mixture with 90 % survival (Fig. 2 B) while the survived transplants were successfully
potted and hardened (Fig. 2 C)
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Fig. 2. A: Effects of NAA on N. diderrichii plantlets at 6 WAI. B: Survived transplanted N. diderrichii
plantlets at 6 weeks after transplanting (WAT). C: Potted N. diderrichii plantlets at 8 WAT.

In conclusion, this study revealed that mass propagation of N. diderrichii is achievable
via tissue culture technique. Disease-free plantlets were successfully established using
seeds as explant on 100 % MS basal medium supplemented with 1 mg/l BAP. Plantlets
regeneration in terms of shoot length and number of roots were best achieved using MS
basal medium without growth regulators whereas, shoot proliferation was best achieved
on the same medium supplemented with 0.1 mg/l BAP. Acclimatisation of the plantlets
was done successfully using coconut husk/top soil medium with 90 % survival.
Therefore, this protocol is recommended for mass propagation of Nauclea diderrichii
seedlings towards plantation establishment.
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