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Abstract 

The Guinean Savanah Highlands of Adamawa is replete with multipurpose tree species, among which Burkea africana and 

Uvaria chamae are particularly noteworthy. Despite their importance, they remain in the wild and are subjected to 

overexploitation. The present study aims to contribute to the domestication of these species by root segment propagation. 

Specifically, the study aims to evaluate the seasonal variations in carbohydrate reserves (starch, soluble sugars, and sucrose) in 

other to determine the most favorable period for root cutting collection, assess the effect of substrate and length of root segment 

cuttings on the budding and rooting capacity of these species, evaluate the effect of carbohydrate content on bud emergence, root 

formation, callus induction, and control response in cuttings. For the seasonal fluctuation of carbohydrate, the experimental  

design was a complete randomized design with one factor represented by the season, and two replications. In the case the root 

propagation, the experimental design was a split-plot with three replications. The main treatment comprised three substrates 

(sand/sawdust, black soil/sawdust, black soil), while the sub-treatments were represented by three lengths of root segments 

cuttings (RSC) (10, 15, 20cm). The experimental unit consisted of 10 cuttings. Results showed that the onset of the rainy season 

coincides with peak of starch, soluble sugars and sucrose for Burkea africana and Uvaria chamae, marking the most favorable 

period for root cutting collection. The budding rate of Burkea africana showed significant variation (0.04 < 0.05), with values 

of 2.22 ± 1.96% in a black soil/sawdust mixture and 14.44 ± 12.36% in black soil after 26 weeks. For Uvaria chamae the best 

substrate was the mixture of black soil/sawdust (63.33 ± 45.27%). The number of leaves for Burkea africana was substantially 

higher in black soil (4.27 ± 2.16). The difference was statistically significant (0.008 < 0.01). For Burkea africana and Uvaria 

chamae, the optimal cutting length for budding was 20 cm (11.11 ± 10.52%, 81.11 ± 26.20%). The rooting rate of Uvaria chamae 

exhibited considerable variability the best rate was those of the black soil/sawdust substrate (22.22 ± 20.33%). The rooting rate 

varied from 5.55 ± 4.26% for cuttings of 10 cm to 23.33 ± 21.79% for those of 20 cm.Budded cuttings clustered with soluble 

sugars and sucrose. Rooted cuttings correlate negatively with all carbohydrate. Control cuttings were closely associated with 

starch. All these informations are important to develop scales and strategies toward the domestication of this species. 
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1. Introduction 

Burkea africana, commonly known as Kokobi in Fulani, be-

longs to the Fabaceae family and is a widespread species 

across tropical Africa. Its wood is hard and heavy, making it 

highly suitable for various construction purposes such as 

bridges, railway sleepers, furniture, fences, and tool handles. 

It is also extensively used as firewood and for charcoal pro-

duction [1]. Notably, the heartwood is resistant to fungal de-

cay [1]. Beyond its structural uses, the bark, roots, and leaves 

of B. africana are widely used in traditional medicine [2]. 

Uvaria chamae, known as Banane wandou in Fulani, belongs 

to the Annonaceae family. Its ripe yellow fruits contain a 

sweet, palatable pulp that is commonly consumed. Addition-

ally, both the leaves and roots are used in ethnomedicine to 

treat malaria, typhoid and diabetes, highlighting the species' 

broad therapeutic potential [3]. These species however, are in-

creasingly threatened by anthropogenic pressures, which are 

accelerating the depletion of both timber and non-timber for-

est products [4]. Therefore, it is crucial to preserve local spe-

cies of socio-economic importance not only in forest reserves 

but also within agropastoral systems near the communities 

that rely on them [5]. To alleviate pressure on natural re-

sources, local communities in developing countries have 

adopted domestication and agroforestry practices as immedi-

ate and cost-effective strategies. Sexual reproduction remains 

the primary propagation technique for timber species and bio-

diversity enhancement [5, 6] (Moupela et al., 2013; Meunier 

et al., 2008). However, germination and seedling development 

are often poor in the dry tropical savannah [7]. Consequently, 

seed multiplication remains unreliable for many rural commu-

nities in Africa due to limited seed availability, financial con-

straints, and predation by ants, birds, and other animals [5]. 

Vegetative propagation offers a faster and more affordable al-

ternative [7]. It is a promising adaptive strategy for these spe-

cies, allowing them to withstand environmental disturbances 

and climatic variability [8, 9]. By capturing germplasm from 

wild populations, vegetative propagation supports the domes-

tication, conservation, and sustained availability of these 

plants for local communities. It replicates the genetic traits of 

the parent plant and provides several advantages, including 

rapid plant production, early fruiting, and smaller plant size [5, 

10, 11]. 

The main objective of this study is to contribute to the domes-

tication of this species in order to protect and introduce them 

in existing farmer's production systems. Specifically: 

1) optimal sampling period for root segment cuttings col-

lection; 

2) evaluate the effect of substrate on the budding and root-

ing ability; 

3) assess the effect of cutting length on the budding and 

rooting ability; 

4) effect of Carbohydrate content on developmental stages 

of cuttings. 

2. Materials and Methods 

2.1. Study Site Description 

The research was carried out in the Guinean Savannah high-

land of Adamawa, located between latitude 6° and 8° N and 

longitude 11° 30' and 15° 30' E. The region is defined by two 

major ecological limits: the Sudanian savannah to the north 

and the semi-deciduous Guinean forest to the south. Vegeta-

tion is predominantly shrub and tree savannah, largely domi-

nated by Daniellia oliveri and Lophira lanceolata [12]. The 

disruption of the vegetation is significantly influenced by hu-

man activities. The region is characterised by a guinean cli-

mate, composed of two distinct seasons: a rainy season from 

April to October and a dry season from November to March 

[13]. The area is home to numerous ethnic groups, including 

the Fulani, Mboums, Pères, Koutines, Haoussas, Niza’as, and 

Dourous [13]. The soil is characterized by a red ferritic struc-

ture developed on old basalt [14]. 

2.2. Description of the Nursery and the Non-

Mist Propagator 

The root segment cuttings experimentation was conducted 

at the nursery of the laboratory of Ecology and Sustainable 

Development of the University of Ngaoundere. The cuttings 

were propagated in a non-mist propagator placed beneath a 

sheet shed, which provides shade. Six transparent sheet sheds 

are positioned within the roof to filter the light. Each non-mist 

propagator is constructed from local materials and is shaped 

like a parallelepiped, subdivided into three compartments. The 

frame is made of wood and covered with transparent polyeth-

ylene, which ensures favorable conditions for the develop-

ment of cuttings. The relative humidity in the non-mist prop-

agators is between 80 and 100%, while the temperature varies 

from 23 to 28°C [15]. The internal configuration of the non-
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mist propagators comprises the following layers, from the bot-

tom to the top: a thin layer of fine sand, large pebbles, medium 

pebbles, gravel, sand and finally rooting substrates [15]. A 

PVC pipe is fixed to the corner of the non-mist propagators to 

facilitate regular gauging of the water level. 

2.3. Methodology 

2.3.1. Optimal Sampling Period for Root Segment 

Cuttings Collection 

The seasonal fluctuation of carbohydrates is key to identi-

fying the optimal sampling period for root segment cuttings in 

vegetative propagation. However, this remains underdocu-

mented in the Guinean savannah highlands of Adamawa, es-

pecially for, Burkea africana, and Uvaria chamae. To fill this 

gap, a year-long root sampling program was carried out to 

monitor seasonal carbohydrate variation in these species. 

Monthly root samples (0.5 kg) were collected from 15 ma-

ture individuals per species, with U. chamae sampled at 

Nyambaka and B. africana at Mberem. Sampling followed the 

region’s climatic calendar: early dry (Oct–Dec), late dry (Jan–

Mar), early rainy (Apr–Jun), and late rainy (Jul–Sep). 

Samples were air-dried for a month, ground into powder, and 

stored in hermetically sealed, labeled bags indicating species, 

date, and location. Biochemical analyses were conducted at the 

University of Maroua’s Laboratory of Biochemistry and Organic 

Chemistry to quantify key carbohydrates linked to bud initiation 

and rooting potential. This helped identify the optimal season for 

propagation via root cuttings. Three main sugars were chosen in 

this operation.one non-stuctural sugar represented by starch and 

two structural sugars (soluble sugars and sucrose). 

(i). Determination of Soluble Sugar Content 

Principle: 

Based on [16], reducing sugars (glucose, galactose, fructose) 

form furfural under heat, which reacts with phenolic com-

pounds (ADNS) to produce a red-brown complex measurable 

at 530 nm. 

Extraction: 

100 mg of root powder was mixed with 5 mL of 80% etha-

nol in a 10 mL tube, stirred for 24 h, and filtered through 

Whatman No. 4 paper. 

Procedure: 

In a Pyrex tube, 0.5 mL of sample or glucose standard (10 

mg/mL) and 1 mL of ADNS reagent were mixed, heated in 

boiling water (90 °C, 5 min), then cooled and diluted with 1 

mL distilled water. Tests were done in triplicate. A galactose-

based calibration curve (0–500 µg/mL) was used to quantify 

sugars, expressed in mg galactose equivalent per 100 g dry 

matter (mgEG/100g DM). 

𝑆𝑆𝑅 (
𝑔𝐸𝐺

100𝑔
𝐷𝑀) =

DO∗fd∗V

Pe∗a
  

where SSR = Content of soluble reducing sugars; DO = Opti-

cal density; fd = Dilution factor; V = Total extraction volume; 

Pe = Sample intake; a = Slope of the calibration curve 

(ii). Determination of Sucrose Content 

Using [17] protocol, the ethanol filtrate was hydrolyzed 

with 0.5 mL of 1M HCl, heated at 90 °C for 10 min, then neu-

tralized with 0.6 mL of 1M NaOH. After cooling, the same 

reducing sugar assay was applied. Sucrose was estimated as: 

Sucrose=Total soluble sugars − Reducing sugars 

(iii). Determination of Resistant Starch Content 

Principle: 

Based on [18] protocol, iodine binds to amylose (blue com-

plex, λmax = 630 nm) and amylopectin (brown, λmax = 548 

nm). Absorbance at 580 nm reflects total starch content. 

Protocol: 

0.1 g of root powder was treated with 3 mL of 1N KOH, 

homogenized (10 min), neutralized with 3 mL of 1N HCl, 

boiled (90 °C, 15 min), cooled, and diluted to 4 mL. After fil-

tration and 10× dilution, 0.5 mL of each sample or starch 

standard was mixed with 0.5 mL water and 1 mL I₂/KI solution. 

Tubes were incubated at room temperature for 10 min. A 

starch calibration curve (0–400 µg/mL) was used to determine 

total starch content, expressed in g per 100 g of material. 

2.3.2. Root Segment Propagation 

The methodological approach involved the partial and carefull 

excavation of the root systems of 15 adult trees in the first hour 

of the morning. The excavation process was conducted in Nyam-

baka. Following the excavation process, the cuttings segments 

were immediately placed in a cooler with ice blocks and trans-

ported from the field to the nursery to minimize water loss [19, 

15]. Upon arrival at the nursery of the Laboratory of Ecology and 

Sustainable Development of the University of Ngaoundere, the 

cuttings segments were trimmed to three distinct lengths: 10, 15, 

and 20 cm (Figure 1) and marked at the proximal end, then in-

serted vertically in the non-mist propagator. The different sub-

strates had already been prepared and were of three kinds 

(sand/sawdust, black soil/sawdust and black soil). 

 
Figure 1. Different length of cuttings. 
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For the mixture of sand and sawdust and the mixture of 

black soil and sawdust, the substrates were prepared in a 

50:50%. Approximately 1 cm of the proximal end of the cut-

tings was left exposed beyond the substrate. The sawdust was 

obtained from a local sawmill and allowed to decompose. The 

black soil was obtained from the nursery, while the sand was 

collected from the river in the vicinity of Ndom, The experi-

mental design was a split plot with three replications, with the 

main treatment represented by the substrate and the secondary, 

the length of root segments cuttings. The experimental unit 

was composed of 10 cuttings. 

2.3.3. Carbohydrate Content on Developmental 

Stages of Cuttings 

During the root cutting propagation process, three types of 

cuttings: control cuttings (cuttings which did not produce ad-

ventitious shoots), callus cuttings, budded cuttings, and rooted 

cuttings. Samples were air-dried for one month, ground into 

fine powder, and stored in hermetically sealed, labeled bags 

indicating species, date, and location. Biochemical analyses 

were carried out at the University of Maroua’s Laboratory of 

Biochemistry and Organic Chemistry to quantify key carbo-

hydrates (starch, soluble sugars, and sucrose). The experi-

mental design followed a completely randomized design with 

one factor and two repetitions. 

2.3.4. Data Collection and Analysis 

Data were collected on a weekly basis in order to monitor 

the budding process (from the date of appearance of the first 

bud) and at the end of the experiment in order to assess the 

rooting success. The data set comprised the following varia-

bles: the number of cuttings that exhibited buds, the number 

of leafy axes, the height of the leafy shoots, the number of 

leaves per shoot, the number of rooted cuttings, the number of 

roots per cutting, and the length of adventitious roots. Further-

more, the aforementioned growth parameters were evaluated 

at the end of the experimental period. A root segment cutting 

(RSC) is deemed to have successfully rooted if the length of 

the root is equal to or greater than 1 cm. In the event that this 

criterion is not met, the cutting is returned to the substrate [20]. 

The data collected were subjected to an analysis of variance. 

Significant means were separated using the Duncan multiple 

range test. The statistical software used for the analysis of var-

iance was Statgraphics Plus 5.0. Excel was used to generate 

graphs. 

3. Results 

3.1. Seasonal Changes in Carbohydrate Content 

in the Guinean Savannah Highlands 

3.1.1. Starch Content 

The starch content of Burkea africana exhibited a signifi-

cant seasonal variation (0.001 < 0.01), with values ranging 

from 4.33 ± 0.94 g/100 g DM at the end of the rainy season to 

6.39 ± 0.84 g/100 g DM at the beginning of the rainy season 

(Table 1a). Similarly, Uvaria chamae showed a significant in-

crease in starch content (0.000 < 0.001). Ranging from 4.57 ± 

0.49 g/100 g DM at the end of the rainy season to 8.49 ± 0.73 

g/100 g DM at the beginning of the rainy season (Table 1b). 

Table 1. Starch content. 

a) Burkea africana 

Seasons 

Dry season Rainy season 

P-value 

Beginning End Beginning End 

Starch (g/100 g 

DM) 
5.65 ± 0.98bc 4.63±0.59ab 6.39±0.84c 4.33±0.94a 0.001 

b) Uvaria chamae 

Seasons 

Dry season Rainy season 

P-value 

Beginning End Beginning End 

Starch (g/100 g DM) 4.90 ± 0.64a 7.32±0.87b 8.49±0.73c 4.57±0.49a 0.0000 

Means with identical letter do not differ significantly at P ≤ 0.05 according to Duncan’s Multiple Range Test 
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3.1.2. Soluble Sugar Content 

The soluble sugar content for Burkea africana showed val-

ues ranging from 2.23 ± 0.23 g/100 g DM at the end of the 

rainy season to 4.16 ± 0.91 g/100 g DM at the beginning of 

the rainy season (Table 2a). The analysis of variance indicates 

a significant seasonal difference (0.000 < 0.001). Uvaria 

chamae demonstrated also a marked seasonal effect on soluble 

sugar content, varying from 2.75 ± 0.21 g/100 g DM at the 

onset of the rainy season to a peak of 6.41 ± 0.60 g/100 g DM 

at the conclusion of the rainy season, and this variation was 

highly significant (0.000 < 0.001) (Table 2b). 

Table 2. Soluble sugar content. 

a) Burkea africana 

Seasons 

Dry season Rainy season 

P-value 

Beginning End Beginning End 

Soluble sugars (g/100 g DM) 2.55 ± 0.31ab 2.97±0.51c 4.16±0.91d 2.23±0.23a 0.0000 

b) Uvaria chamae 

Seasons 

Dry season Rainy season 

P-value 

Beginning End Beginning End 

Soluble sugars (g/100 g DM) 3.72 ± 0.41b 5.62±0.76c 6.41±0.60d 2.75±0.21a 0.0000 

Means with identical letter do not differ significantly at P ≤ 0.05 according to Duncan’s Multiple Range Test 

3.1.3. Sucrose Content 

The sucrose content of Burkea africana exhibited a broader 

range of sucrose content, varying from 1.07 ± 0.20 g/100 g 

DM at the end of the rainy season to 2.12 ± 0.48 g/100 g DM 

at the beginning of the subsequent rainy season (Table 3a). 

The differences observed between seasons were statistically 

significant (0.001< 0.01), indicating that seasonal factors 

strongly influence sucrose accumulation in this species. Sim-

ilarly, Uvaria chamae showed pronounced seasonal fluctua-

tions in sucrose content, with values ranging from 1.50 ± 0.27 

g/100 g DM at the onset of the rainy season to a peak of 4.48 

± 1.06 g/100 g DM by its end (Table 3b). The analysis of var-

iance indicates a significant variation (0.001 < 0.01). 

Table 3. Sucrose content. 

a) Amblygonocarpus andongensis 

Seasons 

Dry season Rainy season 

P-value 

Beginning End Beginning End 

Sucrose (g/100 g DM) 1.34 ± 0.12a 1.83±0.16b 2.12±0.48b 1.07±0.20a 0.0000 

b) Uvaria chamae 

Seasons 

Dry season Rainy season 

P-value 

Beginning End Beginning End 

Sucrose (g/100 g DM) 2.78 ± 0.05b 3.33±0.78c 4.48±1.06d 1.50±0.27a 0.0000 

Means with identical letter do not differ significantly at P ≤ 0.05 according to Duncan’s Multiple Range Test  
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3.2. Budding Rate 

The sprouting time for these species is respectevely 2 and 

12 weeks, for Burkea africa and Uvaria chamae which is the 

period between the placement of the cutting into cultivation 

and the initial appearance of the bud (Figure 2). 

  
Burkea africana     Uvaria chamae 

Figure 2. Budded cuttings. 

3.2.1. Effect of Substrate 

The budding rate varies from 2.22 ± 1.96% in a black 

soil/sawdust mixture to 14.44 ± 12.36% in black soil alone af-

ter 26 weeks (Figure 3a). The budding rate of Burkea africana 

showed significant variation (0.04 < 0.05). In contrast, Uvaria 

chamae exhibited relatively stable budding rates after 17 

weeks, with non-significant fluctuations (0.90 > 0.05) from 

53.33 ± 50.74% in black soil to 63.33 ± 45.27% in the black 

soil/sawdust mixture (Figure 3b). 

 
Figure 3. Effect of substrate on the budding rate. 
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3.2.2. Effect of length 

Variation in budding rates across cutting lengths was ob-

served in both Burkea africana and Uvaria chamae, though 

these differences were not statistically significant respectevely 

(0.25 > 0.05 and 0.19 > 0.05). In B. africana, budding success 

exhibited a modest increase from 4.44 ± 2.69% in 10 cm cuttings 

to 11.11 ± 10.52% in 20 cm cuttings (Figure 4a). In contrast, 

U. chamae showed a more pronounced increase in budding 

rates, rising from 36.66 ± 34.47% to 81.11 ± 26.20% over the 

same cutting length range (Figure 4b) 

 
Figure 4. Effect of length of the cuttings on the budding rate. 

3.2.3. Effect of the Interaction Substrate Length 

For Burkea africana, the success rates ranged from 0 ± 0% 

for the 10 cm and 20 cm cuttings placed in the black soil/saw-

dust mixture, up to 26.66 ± 15.27% for the 20 cm cuttings in-

serted in black soil alone (Figure 5a). The analysis of variance 

indicated that these differences were not statistically signifi-

cant (0.13 > 0.05). For Uvaria chamae, the results showed a 

wider range of values. The 10 cm cuttings inserted in 

sand/sawdust and black soil substrates had an average success 

rate of 33.33 ± 27.73%, while the 20 cm cuttings inserted in 

the sand/sawdust substrate achieved a much higher mean of 

96.66 ± 5.77% (Figure 5b). However, the analysis of variance 

revealed no statistically significant differences (0.96 > 0.05). 

 
Figure 5. Budding rate following the interaction substrate*length of RSC. 
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3.3. Budding Parameters 

3.3.1. Effect of Substrate 

(i). Number of Shoots 

For Burkea africana, the number of leafy shoots was sig-

nificantly influenced by the substrate (0.02 < 0.05). Shoot 

numbers ranged from 0.52 ± 0.40 in the black soil/sawdust 

mixture to 2.29 ± 1.43 in pure black soil (Table 4a). In contrast, 

for Uvaria chamae, although the number of leafy shoots var-

ied from 17.66 ± 15.46 in black soil to 23.44 ± 19.05 in 

sand/sawdust (Table 4b). The difference was not statistically 

significant (0.79 > 0.05). 

(ii). Height of Shoots 

B. africana exhibited relatively low and less variable shoot 

heights, ranging from 1.35 ± 1.10 cm in black soil/sawdust to 

2.49 ± 1.25 cm in black soil (Table 4a). The variance analysis 

did not reveal significant differences among substrates (0.59 > 

0.05). Similarly, U. chamae showed fluctuations in shoot 

height, with means of 5.63 ± 5.45 cm in black soil and 8.29 ± 

5.68 cm in black soil/sawdust (Table 4b). However, the differ-

ence was not statistically significant (0.62 > 0.05). 

(iii). Number of Leaves 

The number of leaves exhibited notable variation among 

treatments, with Burkea africana showing a significant re-

sponse to substrate type. Specifically, the mean leaf count was 

substantially higher in black soil (4.27 ± 2.16) compared to 

the black soil–sawdust mixture (0.91 ± 0.58) (Table 4a). The 

difference was statistically significant (0.008 < 0.01), indicat-

ing that the black soil alone provided more favorable condi-

tions for leaf development in this species. For Uvaria chamae, 

leaf number varied widely, with a mean of 70.33 ± 69.97 in 

black soil and 92.11 ± 89.45 in the black soil/sawdust substrate 

(Table 4b). Despite this apparent increase, the high standard 

deviations and overlapping confidence intervals resulted in no 

statistically significant difference between treatments (0.81 > 

0.05). 

Table 4. Effect of substrates on growht parameters. 

a) Burkea africana 

Substrate Number of shoots Height of shoots Number of leaves 

Sand/Sawdust 1.46 ± 1.40b 1.93 ± 1.66a 2.27 ± 2.27b 

Black soil 2.29 ± 1.43b 2.49 ± 1.25a 4.27 ± 2.16c 

Black soil/Sawdust 0.52 ± 0.40a 1.35 ± 1.10a 0.91 ± 0.58a 

P-value 0.02 0.59 0.007 

b) Uvaria chamae 

Substrate Number of shoots Height of shoots Number of leaves 

Sand/Sawdust 23.44 ± 19.05a 7.23 ± 6.12a 76.11 ± 61.64a 

Black soil 17.66 ± 17.67a 5.63 ± 5.45a 70.33 ± 69.97a 

Black soil/Sawdust 18.88 ± 16.98a 8.29 ± 5.68a 92.11 ± 89.45a 

P-value 0.31 0.48 0.81 

Means with identical letter do not differ significantly at P ≤ 0.05 according to Duncan’s Multiple Range Test 

3.3.2. Effect of Length 

(i). Number of Shoots 

For the number of leafy shoots for Burkea africana, the var-

iation in leafy shoot production between 10 cm (0.81 ± 0.46) 

and 15 cm (1.81 ± 1.13) cuttings was not statistically signifi-

cant (0.22 > 0.05) (Table 5a). In Uvaria chamae, the number 

of leafy shoots varied substantially from 8.33 ± 6.46 in 10 cm 

cuttings to 31.44 ± 17.57 in 20 cm cuttings (Table 5b). The 

analysis of variance indicated a significant difference (0.02 < 

0.05). 
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(ii). Height of Shoots 

The height of shoot of Burkea africana, demonstrated a 

fluctuating pattern, ranging from 0.65 ± 0.27 cm in 10 cm cut-

tings to 3.24 ± 2.84 cm for 15 cm cuttings (Table 5a). However, 

analysis of variance indicated no significant difference among 

the treatments (0.08 > 0.05). Similarly, in Uvaria chamae, 

shoot height varied from 4.03 ± 2.27 cm in 10 cm cuttings to 

10.00 ± 4.72 cm in 20 cm cuttings (Table 5b), yet the differ-

ences were not statistically significant (0.12 > 0.05). 

(iii). Number of Leaves 

The number of leaves in Burkea africana displayed a differ-

ent pattern, with leaf counts ranging from 1.33 ± 1.08 in 10 

cm cuttings to 3.25 ± 2.07 in 20 cm cuttings (Table 5a); how-

ever, the differences were not statistically significant (0.12 > 

0.05). For Uvaria chamae, the number of leaves varied signif-

icantly with cutting length, increasing from 26.22 ± 16.58 for 

10 cm cuttings to 121.33 ± 78.68 in 20 cm cuttings (Table 5b), 

with the effect confirmed by analysis of variance (0.03 < 0.05). 

Table 5. Effect of length on growth parameters. 

a) Burkea africana 

Length of RSC (cm) Number of shoots Height of shoots (cm) Number of leaves 

10 0.81 ± 0.46a 0.65 ± 0.27a 1.33 ± 1.08a 

15 1.81 ± 1.13a 3.24 ± 2.84a 3.25 ± 2.07a 

20 1.66 ± 1.52a 1.88 ± 1.37a 2.86 ± 2.59a 

P-value 0.72 0.70 0.69 

b) Uvaria chamae 

Length of RSC (cm) Number of shoots Height of shoots(cm) Number of leaves 

10 8.33 ± 6.46a 4.03 ± 2.27a 26.22 ± 16.58a 

15 20.22 ± 15.57ab 7.12 ± 5.85a 91 ± 72.48b 

20 31.44 ± 17.57b 10.00 ± 4.72a 121.33 ± 78.68c 

P-value 0.02 0.12 0.03 

Means with identical letter do not differ significantly at P ≤ 0.05 according to Duncan’s Multiple Range Test 

3.4. Rooting Rate 

3.4.1. Effect of Substrate 

The rooting rate of Uvaria chamae exhibited considerable 

variability, with values ranging from 11.11 ± 10.64% in the 

black soil to 22.22 ± 20.33% in the black soil/sawdust sub-

strate (Table 6). The analysis of variance did not indicate sig-

nificant variation (0.44 > 0.05). In the case of Burkea africana 

after 24 weeks none of the cutting profuse adventitious roots. 

Table 6. Effect of substrate on the rooting rate. 

Substrates Sand/Sawdust Black soil Black soil/Sawdust 

Mean 14.44 ± 14.24a 11.11 ± 10.64a 22.22 ± 20.33a 

P-value 0.44 

Means with identical letter do not differ significantly at P ≤ 0.05 according to Duncan’s Multiple Range Test 
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3.4.2. Effect of Length of Root Segments Cuttings 

For Uvaria chamae, the rooting rate varied from 5.55 ± 4.26% 

for cuttings of 10 cm to 23.33 ± 21.79% for those of 20 cm 

(Table 7). However, the analysis of variance did not indicate 

significant variation (0.13 > 0.05). 

Table 7. Effect of length of cutting on the rooting rate. 

Length of RSC (cm) 10 15 20 

Mean 
5.55 ± 

4.26a 

18.88 ± 

16.04a 

23.33 ± 

21.79a 

P-value 0.13 

Means with identical letter do not differ significantly at P ≤ 0.05 ac-

cording to Duncan’s Multiple Range Test 

 
Figure 6. Rooted cutting of Uvaria chamae. 

3.4.3. Effect of Substrate Length Interaction 

For U. chamae, the rooting rate exhibited fluctuations, 

ranging from 3.33 ± 1.77% for the cutting of 10 cm inserted 

in the sand/sawdust and black soil to 26.66 ± 5.77% for those 

of 20 cm put into the sand/sawdust mixture (Fig7). The anal-

ysis of variance did not indicate a significant variatin (0.48 > 

0.05). 

 
Figure 7. Rooting percentage according the interaction sub-

strate*length. 

3.5. Rooting Parameters 

3.5.1. Effect of Substrate 

(i). Number of Roots 

In Uvaria chamae, the number of roots varied from 1.55 ± 

0.9 in cuttings placed in black soil to 2.88 ± 2.75 in those 

placed in the sand/sawdust mixture (Table 8). However, anal-

ysis of variance revealed no significant difference between the 

treatments (0.9 > 0.05). 

(ii). Length of Roots 

The length of root of U. chamae, exhibited fluctuations, 

with the cutting inserted in the black soil displaying a value of 

1.74 ± 1.22 cm, while those placed in the sand/sawdust mix-

ture recorded a value of 5.56 ± 3.07 cm (Table 8). The analysis 

of variance did not indicate a significant variation (0.43 > 

0.05). 

Table 8. Effect of substrate on rooting parameters. 

Substrates Number of roots Length of roots 

Sand/Sawdust 2.88 ± 2.75a 5.56 ± 3.07a 

Black soil 1.55 ± 0.9a 1.74 ± 1.22a 

Blacksoil/Sawdust 2.77 ± 2.38a 3.03 ± 2.54a 

P-value 0.50 0.43 

Means with identical letter do not differ significantly at P ≤ 0.05 according to Duncan’s Multiple Range Test 
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3.5.2. Effect of Length of Cuttings 

(i). Number of Roots 

The number of roots of Uvaria chamae varied, with values 

ranging from 1 ± 0.22 for the 10 cm cuttings to 2.88 ± 2.42 for 

those of 20 cm (Table 9). The analysis of variance indicated 

no significant variation (0.16 > 0.05). 

(ii). Length of Roots 

The length of roots of U. chamae, demonstrated fluctua-

tions, with values ranging from 1.67 ± 1.15 cm for the 10 cm 

cuttings to 5.31 ± 3.09 cm for those of 15 cm (Table 9). The 

analysis of variance indicated that no significant variation was 

present (0.12 > 0.05). 

Table 9. Effect of substrate on rooting parameters. 

Lenght of RSC (cm) Number of roots Length of roots (cm) 

10 1 ± 0.22a 1.67 ± 1.15a 

15 3.33 ± 2.5a 5.31 ± 3.09a 

20 2.88 ± 2.42a 3.33 ± 2.72a 

P-value 0.16 0.12 

Means with identical letter do not differ significantly at P ≤ 0.05 according to Duncan’s Multiple Range Test 

3.5.3. Carbohydrate content Dynamics on 

Developmental Stages of Cuttings 

Following the propagation stages, some relationships are 

developped between carbohydrates and cutting stages and 

among carbohydrates. The correlation analysis revealed for 

Uvaria chamae strong positive relationships among starch, 

soluble sugars, and sucrose (r = 0.662, 0,864, –0.949), indicat-

ing that these carbohydrate fractions are metabolically inter-

connected and tend to accumulate together (Table 7). In con-

trast, the budding and rooting rates were generally negatively 

correlated with carbohydrate content. Rooting rate showed 

particularly strong negative associations with starch (r = –

0.947), soluble sugars (r = –0.867), and sucrose (r = –0.980). 

Budding rate exhibited a moderate negative correlation with 

starch (r = –0.751) and a weak negative correlation with su-

crose (r = –0.317) (Table 10). The moderate positive correla-

tion between budding and rooting rates (r = 0.500) further in-

dicates that tissues capable of initiating buds efficiently may 

also exhibit enhanced rooting potential, likely. Collectively, 

the results imply that while carbohydrates are essential for 

growth, their utilization rather than absolute abundance is crit-

ical for successful bud and root formation. 

Table 10. Relationships between carbohydrates and developmental cuttings stages of Uvaria chamae. 

Variables Starch Soluble sugars Sucrose Budding rate Rooting rate 

Starch 1     

Soluble sugars 0,662 1    

Sucrose 0,864 0,949 1   

Budding rate -0,751 -0,002 -0,317 1  

Rooting rate -0,947 -0,867 -0,980 0,500 1 

 

The correlation analysis in Burkea africana revealed per-

fect relationships among starch, soluble sugars, sucrose, 

and budding rate, with coefficients of ±1 (r = ±1) (Table 

11), indicating tightly coupled metabolic associations. 

Starch and sucrose were perfectly positively correlated, 

while both were perfectly negatively correlated with solu-

ble sugars. Budding rate exhibited a perfect positive corre-

lation with soluble sugars and perfect negative correlations 

with starch and sucrose. 
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Table 11. Relationships between carbohydrates and developmental cuttings stages of Burkea Africana. 

Variables Starch Soluble sugars Sucrose Budding rate 

Starch 1    

Soluble sugars -1,000 1   

Sucrose 1,000 -1,000 1  

Budding rate -1,000 1,000 -1,000 1 

 

Principal component analysis (PCA) gives supplementary 

explanations regarding these relationships between carbohy-

drate fractions (starch, soluble sugars, and sucrose) and the 

developmental stages of cuttings in Uvaria chamae and 

Burkea africana. For U. chamae, axes F1 and F2 together ex-

plained 100% of the total variance, with F1 accounting for 

88.53% and F2 for 11.47%. Soluble sugars and sucrose were 

strongly correlated with F1 and moderately with F2, while 

starch exhibited a positive correlation with F1 and a negative 

correlation with F2. Budded cuttings clustered near the vec-

tors for soluble sugars and sucrose, while rooted cuttings were 

positioned away from all carbohydrate vectors. Control cut-

tings (that did not emit adventitious shoot) were closely asso-

ciated with starch (Figure 8a). For B. africana, the PCA re-

vealed a one-dimensional distribution, with 100% of the vari-

ance explained by F1 alone. All carbohydrate fractions aligned 

along this single axis. Budded cuttings were located on the 

negative side of F1, near soluble sugars, whereas control cut-

tings were positioned on the positive side, closer to starch and 

sucrose. Rooted and callus cuttings were not represented in 

the dataset (Figure 8b). 

 
Figure 8. Principal Component Analysis (PCA) of Carbohydrate content and physiological state of different types of cuttings. 
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4. Discussion 

4.1. Optimal Sampling Period for Root Segment 

Cuttings Collection 

The discrepancy in seasonal peaks of soluble sugar concen-

trations may be attributed to species-specific physiological re-

sponses and environmental conditions. This may explain the 

divergence from the findings of [21], who reported the highest 

soluble sugars levels in Bombax costatum at the onset of the 

dry season. Conversely, the current results agree with those of 

[22], who observed peak soluble sugar accumulation during 

the rainy season, corresponding to the autumn period, in Pop-

ulus tremuloides. The seasonal dynamics of soluble sugar con-

tent likely reflect plant responses to water availability. During 

dry periods, water stress typically limits photosynthetic activ-

ity, yet it often leads to increased concentrations of soluble 

sugars in plant tissues. These sugars function as osmolytes, 

helping cells maintain turgor pressure under drought condi-

tions. Moreover, plants may hydrolyze stored starch reserves 

into soluble sugars to counteract the osmotic stress induced by 

water deficit [23]. Conversely, during the rainy season, en-

hanced water availability promotes higher rates of photosyn-

thesis and carbohydrate synthesis. The surplus sugars gener-

ated under these favorable conditions are utilized to support 

growth processes such as leaf flushing. 

In their natural environment, Burkea africana and Uvaria 

chamae exhibit marked phenological cycles that correspond 

to the distinct raining and dry seasons of the region. The rain-

ing season, which extends from May to October, is character-

ized by high rainfall and moderate temperatures, while the dry 

season, from November to April, is marked by little or no rain 

and higher evapotranspiration. During the early wet season 

(May–June), both species initiate active vegetative growth, 

with leaf flushing and shoot elongation occurring soon after 

the first rains [24]. This is followed by flowering and fruit de-

velopment in the mid- to late wet season (July–October). In 

contrast, during the dry season (November–April), the pheno-

logical activity declines: leaves senesce and are shed, repro-

ductive activity ceases, and the plants enter a state of dor-

mancy to withstand moisture stress. According to [25], Burkea 

africana begins leaf flushing shortly after the onset of the rains 

in May, flowers later in the wet season, and sheds its leaves 

with the arrival of the dry season. Similarly, Uvaria chamae, 

as reported by [26], produces new shoots and flowers predom-

inantly during the rainy months, with reduced growth and par-

tial dormancy during the dry period. 

The patterns of sucrose accumulation in these species fol-

low the seasonal phenological changes and are consistent with 

the findings of [27] in Populus tremuloides, where seasonal 

variability in moisture availability strongly influenced carbo-

hydrate dynamics. In both Burkea africana and Uvaria 

chamae, the onset of the wet season and increased photosyn-

thesis promote sucrose synthesis in the leaves, which is then 

translocated to developing tissues to support growth, repro-

duction, and storage during the growing season. 

4.2. Root Segment Propagation 

4.2.1. Budding 

Burkea africana began to sprout after 12 weeks. In contrast, 

Uvaria chamae exhibited rapid bud emergence within just 2 

weeks. These findings underscore the significant interspecific 

differences in vegetative regeneration dynamics and suggest a 

hierarchy of physiological responsiveness among the species 

evaluated. The rapid sprouting observed in Uvaria chamae are 

nearer to those observed by [28, 29], who reported mean 

sprouting periods of three weeks for Bombax costatum and 

Diospyros mespiliformis, respectively. This precocious spout-

ing may indicate the presence of active meristematic cells and 

low levels of physiological dormancy in the donor material 

[30]. It may also reflect higher endogenous auxin concentra-

tions, which are known to stimulate early bud break and or-

ganogenesis [31]. In addition, the species colonizes gallery 

forests. In contrast, the significantly delayed sprouting ob-

served in Burkea africana (14 weeks) diverges markedly from 

previously reported values for other native woody species. For 

instance, [11, 32-35] reported much shorter sprouting times of 

4, 5, 6 and 8 weeks, respectively, for Bombax costatum, De-

tarium microcarpum, Vitex doniana, Ximenia americana and 

Amblygonocarpus andongensis. Several factors may contrib-

ute to this divergence: high levels of endogenous abscisic acid 

(ABA), which suppresses bud growth; structural dormancy re-

lated to the thickness or lignification of root tissues; or envi-

ronmental stress experienced during the collection or handling 

of cuttings [36]. Beyond species differences, sprouting time is 

strongly modulated by technical and environmental factors. 

The timing of cutting collection, the age and position of the 

donor branch, and the type of substrate used for propagation 

all play pivotal roles. Additionally, the application of exoge-

nous plant growth regulators [11, 19, 22] is not in the rest. 

Comparable results to those of Uvaria chamae have been 

reported under similar agroecological conditions. [11, 34] 

identified optimal substrates for Vitex doniana and Ximenia 

americana as black soil/sawdust mixtures. Similarly, [37] 

found that the substrate type had no significant effect on Dan-

iellia oliveri, consistent with the findings for Uvaria chamae. 

In contrast, the results for Burkea africana deviate from pre-

vious studies conducted in the Guinean Savannah Highlands 

of Adamawa, where black soil was identified as the most ef-

fective substrate. These findings suggest that the use of porous 

substrates enhances the circulation of water and air around the 

cuttings, promoting better budding by maintaining hydration 

and preventing hypoxic conditions. Substrates offering good 

aeration and moderate moisture retention typically result in 

higher budding rates compared to compact or waterlogged 

media [38]. 

These findings support earlier finding by [11, 32] who ob-
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served that 20 cm cuttings of Vitex doniana and Detarium mi-

crocarpum produced significantly higher bud emergence 

about five times greater compared to 10 cm cuttings. Likewise, 

several studies have shown that cuttings between 15 and 20 

cm offer the best propagation results. This has been reported 

respectevely for Faidherbia albida, Spathodea campanulata, 

Ximenia americana, and Amblygonocarpus andongensis [5, 

33, 35, 39]. The superior performance of longer cuttings in 

tree species has been attributed to their higher reserves of sol-

uble sugars and starches, which provide energy and carbon 

skeletons essential for cell division and differentiation during 

bud formation. Longer cuttings, with greater carbohydrate 

stores, have been shown to root more successfully than shorter 

ones, as demonstrated in Vitex doniana and Ximenia ameri-

cana [11, 34]. These carbohydrate reserves also enhance auxin 

transport and sustain meristematic activity at the cutting base, 

promoting rooting and bud emergence. [40] postulated that 

longer cutting segments maintain a higher concentration of 

stored photosynthates and phytohormones, which facilitate 

cellular division and differentiation necessary for successful 

propagation. In contrast, shorter cuttings are more susceptible 

to desiccation and may lack sufficient energy reserves, thereby 

limiting their capacity for bud initiation and root development. 

The biochemical basis underlying these observations is further 

supported by studies indicating a positive correlation between 

root elongation and endogenous sugar concentrations [32, 41]. 

The non-significant interaction of substrate × cutting length 

for shoot formation was not jointly influenced by these two 

factors. This suggests that substrate conditions and cutting 

length acted independently. Shoot formation is primarily con-

trolled by endogenous reserves and bud viability, while the 

substrate mainly provides suitable moisture. Similar result 

was observed by [34] on Amblygonocarpus andongensis. 

The relationship between cutting length and shoot produc-

tion ois consistent with the findinds of [19] for Detarium mi-

crocarpum, as well as those of [11] and [21] for Vitex doniana 

and Securidaca longepedunculata in the Guinean savannah 

highlands. These authors reported a positive correlation be-

tween cutting size and the number of aerial shoots produced. 

This phenomenon may be attributed to the presence of carbo-

hydrates in the cuttings, which could potentially exert an in-

fluence on the growth and development of the aerial shoots. 

The results obtained for shoot height suggest that substrate 

type exerted minimal influence on shoot elongation in the spe-

cies studied under the experimental conditions. This observa-

tion may reflect a conservative growth strategy in B. africana, 

or alternatively, a reduced sensitivity to substrate composition 

during early developmental stages. These findings imply that 

substrate variation did not substantially modulate shoot 

growth in these taxa. Notably, our results contrast with those 

reported by [34], who found a significant effect of substrate 

type on shoot height. Such divergence may point to consider-

able interspecific or intraspecific variability, potentially at-

tributable to genetic differences, microenvironmental hetero-

geneity 

The result observed for Burkea africana on the number of 

leaves indicating that the black soil alone provided more fa-

vorable conditions for leaf development in this species. This 

result may reflect differences in nutrient availability, substrate 

texture, or moisture retention between the two treatments. The 

results observed from Uvaria chamae may be due to the large 

variability in this species can be attributed to intrinsic biolog-

ical variability or heterogeneous responses to environmental 

conditions. Overall, these findings suggest species-specific re-

sponses to substrate composition, with B. africana showing a 

clear preference for black soil, while U. chamae did not ex-

hibit statistically significant differences in leaf production 

across treatments. 

4.2.2. Rooting 

Following the emergence of young leaves formed via pho-

tosynthetic activity, auxins and carbohydrates are translocated 

through a complex vascular system to the basal portion of the 

rootstock cuttings (RSC), thereby initiating rhizogenesis. In 

the present study, the rooting process was found to be signifi-

cantly slower than the sprouting process, consistent with the 

findings of [37, 42], who reported that root initiation generally 

requires more time than bud emergence. Among the various 

substrates tested, the black soil and sawdust mixture resulted 

in the highest rooting rate, corroborating the findings of [33]. 

The use of mixed substrates appears to offer a more effective 

medium for root development. Comparable results were re-

ported by [43] for Dalbergia melanoxylon in Tanzania, where 

a sand and compost mixture outperformed sand alone in pro-

moting root formation. No adventitious roots were observed 

in Burkea africana, a result that aligns with observations by 

[29] in Diospyros mespiliformis cuttings in Benin, where no 

root formation occurred after 29 weeks. This lack of rooting 

may be attributed to substrate characteristics, particularly po-

rosity, which facilitates root penetration and elongation. Po-

rous substrates have been shown to reduce compaction, 

thereby enhancing root proliferation [44]. Furthermore, such 

substrates provide a balance between moisture retention and 

drainage, ensuring optimal water availability for root initiation 

and development. The absence of adventitious root formation 

in Burkea africana root cuttings may be attributed to the phys-

iological age of the donor plants, as the cuttings were obtained 

from mature trees. Similarly, [45] Bisongin et al. (2020) re-

ported that root system regeneration did not occur in root cut-

tings derived from adults Cordia trichotoma trees, whereas 

successful rooting was on served in material collected from 

juvenile plants. 

The results obtain in Burkina Faso on Detarium micro-

carpum [32] revealed divergent pattern compared to those of 

the present study. The observed influence of cutting length on 

rooting performance is consistent with the hypothesis that 

longer cuttings possess greater reserves of carbohydrates, nu-

trients, and endogenous auxins, which collectively support ad-

ventitious root formation. Longer segments may also maintain 
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higher cambial activity and a more favorable hormonal bal-

ance, both of which are critical for root induction [46]. In ad-

dition, sucrose has been shown to play a pivotal role in pro-

moting adventitious rooting, not only as an energy source but 

also by facilitating auxin transport and stimulating cell divi-

sion [47, 48]. These results are in agreement with findings re-

ported by [34] Binwe et al. (2024), who demonstrated that cut-

ting length significantly affected the rooting success of Xime-

nia americana root cuttings. This suggests that the positive in-

fluence of cutting length may be a common feature across di-

verse tropical species, although the magnitude of the response 

may vary depending on species-specific physiological traits 

and environmental interactions. 

The combination of black soil and sawdust produced the 

greatest root length per plant among the tested substrates. This 

outcome is likely due to the reduced bulk density of the black 

soil/ sawdust mixture which enhances soil aeration and re-

duces mechanical resistance to root growth. Such physical 

properties facilitate easier root penetration and elongation, 

thereby supporting the development of longer root systems. 

This observation aligns with the findings of [49], who empha-

sized that effective rooting substrates are those specifically 

prepared to provide optimal conditions namely, freedom from 

pests and pathogens, adequate air-filled porosity, sufficient 

moisture retention, and a suitable bulk density conducive to 

root development. 

4.3. Carbohydrate Content on Developmental 

Stages of Cuttings 

The results of the principal component analysis (PCA) 

highlight distinct associations between carbohydrate fractions 

and the developmental stages of cuttings in Uvaria chamae 

and Burkea africana. In U. chamae, the total variance ex-

plained by the first two axes (100%) indicates a strong struc-

turing of the data around carbohydrate content and cutting re-

sponse. The strong positive correlation of soluble sugars and 

sucrose with F1, and their spatial proximity to budded cuttings, 

suggests a significant role of these sugars in bud activation and 

organogenesis [50]. This finding supports previous studies 

showing that readily available sugars can act not only as en-

ergy sources but also as signaling molecules in the initiation 

of bud outgrowth [51]. Interestingly, rooted cuttings in U. 

chamae were located away from all carbohydrate vectors, sug-

gesting a more complex or indirect relationship between car-

bohydrate content and root formation [52]. This pattern aligns 

with observations that high carbohydrate levels can inhibit 

rooting in some species, possibly due to hormonal imbalances 

or insufficient carbohydrate mobilization toward the root ini-

tiation zone. Control cuttings, which showed no visible devel-

opment, were closely associated with starch. This may indi-

cate a lack of metabolic activation, where carbohydrates re-

main stored rather than being mobilized for growth. Starch ac-

cumulation in inactive tissues could reflect physiological dor-

mancy or low metabolic demand, consistent with their non-

responsive status. For B. africana, the one-dimensional PCA 

structure (100% variance explained by F1) suggests a simpler 

or more uniform relationship between carbohydrate fractions 

and cutting development. The location of budded cuttings near 

soluble sugars on the negative side of F1 further reinforces the 

idea that soluble carbohydrates support early developmental 

processes. Conversely, control cuttings were aligned with 

starch and sucrose on the positive side of the axis, again sug-

gesting that limited mobilization of these carbohydrates may 

be associated with developmental arrest [53]. In general, the 

budding and rooting rates were generally negatively corre-

lated with carbohydrate content, with rooting rate showing 

particularly strong negative associations with starch indicating 

its use as energy during rooting process. 

5. Conclusion 

This study provides important evidence that Burkea afri-

cana and Uvaria chamae, two native species of the guinean 

savannah highlands of Adamawa, possess the potential for 

vegetative propagation through root segment cuttings. The 

successful induction of budding and shoot development in 

both species marks a promising step toward their domestica-

tion and wider utilization in agroforestry systems. 

The success of propagation was shown to be contingent 

upon a combination of biological, environmental, and tech-

nical factors. Among these, seasonal variation in carbohydrate 

reserves emerged as a critical determinant, with the onset of 

the rainy season identified as the most favorable period for 

RSC collection. This phase coincided with higher concentra-

tions of starch, soluble sugars, and sucrose in the root tissues, 

enhancing the regenerative capacity of the cuttings. 

Among the substrates tested, the black soil/sawdust mixture 

demonstrated superior performance for Uvaria chamae, sig-

nificantly enhancing both the budding rate and aerial shoot 

formation. For Burkea africana, black soil alone was found to 

be the most suitable substrate. Moreover, a cutting length of 

20 cm consistently produced the highest results across multi-

ple parameters, including budding rate and root development. 

Despite these successes, Burkea africana did not form ad-

ventitious roots under the experimental conditions, indicating 

a potential limitation or the need for further refinement in 

propagation techniques for this species. Soluble sugars and su-

crose are associated with bud activation, while starch accumu-

lation correlates with developmental arrest in both Uvaria 

chamae and Burkea africana. Root formation in U. chamae 

appears to involve more complex carbohydrate dynamics. 

These findings highlight the species-specific responses to veg-

etative propagation technics and underscore the importance of 

tailoring protocols to individual plant requirements. 

Abbreviations 

RSC Root Segment Cuttings 
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