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Abstract

Bush encroachment by woody species threatens biodiversity, ecosystem functioning, and
rangeland productivity in savanna ecosystems. Understanding how juvenile woody plants
respond to cutting at different times of the year is essential for developing effective man-
agement strategies. This study evaluated the seasonal resprouting responses of juvenile
individuals of Dichrostachys cinerea and Terminalia sericea following cutting disturbances.
The study was conducted in the Nylsvley Nature Reserve using line transects and plot-
based sampling because of challenges associated with protecting experimental sites in
communal lands. Juvenile plants of each species were allocated into groups comprising
thirty-five individuals and subjected to seasonal cutting treatments. Resprout height, leaf
production, and root sugar concentrations were measured to assess seasonal recovery
patterns. Both species successfully resprouted after cutting regardless of season. T. sericea
produced taller resprout heights than D. cinerea, whereas D. cinerea generally produced
more leaves. Seasonal differences significantly affected recovery, with winter cutting pro-
ducing the tallest resprout heights and greatest leaf production, while summer cutting
resulted in the shortest resprouts and fewest leaves. Winter-cut plants produced more
than twice as many leaves as summer-cut plants. Winter cutting drastically boosts plant
regeneration capacity and cannot effectively curb bush expansion, whereas summer cutting
achieves better suppression effects. Root sugar concentrations were lower during winter in
both species, indicating reduced metabolic activity. Summer is the most effective season
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1. Introduction

Savannas are grasslands with scattered trees, representing a transition between grass-
lands and forests [1,2]. The savanna ecosystem comprises plants at various developmen-
tal stages, including seedlings, saplings, juveniles, and adults [3-5], all contributing to
ecosystem function by providing food and habitat [1,6]. Savanna woody plant species
are among the most disturbed plant groups due to various natural and anthropogenic
disturbances [6,7]. These ecosystems are characterized by variable climatic conditions
and frequent disturbances such as drought, fire, herbivory, climate change, grazing, and
fuelwood harvesting [8-10]. Such disturbances strongly influence vegetation structure,
recruitment, and persistence within savanna ecosystems [11]. Nevertheless, many sa-
vanna woody species exhibit remarkable resilience through resprouting, a functional trait
that enables plants to recover following disturbance [6,12]. Resprouting allows woody
plants to utilize existing root systems for rapid regrowth [13], facilitating faster recovery
than seedling establishment [14-16] while enhancing post-disturbance survival, resource
retention, and long-term persistence within savanna ecosystems [17-19].

Among the most common bush encroachers in both protected and unprotected African
savannas, particularly in the Lowveld region of South Africa, are Dichrostachys cinerea and
Terminalia sericea [20,21]. These species are among the most competitive woody plants,
often outnumbering other tree species per hectare in terms of canopy cover and crown
diameter [22]. D. cinerea and T. sericea contribute substantially to bush encroachment across
southern African savannas, resulting in degradation of rangelands and pasturelands [23].
These encroaching species reduce plant diversity, species richness, biomass, and grazing
capacity through the suppression of herbaceous vegetation [23]. Consequently, repeated
clearing has been employed as a management strategy to mitigate bush encroachment in
semi-arid savannas of southern Africa [24-26].

Despite their role as major bush encroachers, D. cinerea and T. sericea are ecologically
and socio-economically important savanna species. D. cinerea, a fast-growing member of the
Mimosaceae family, is highly competitive and can suppress herbaceous vegetation [27-29].
Nevertheless, it possesses important medicinal properties, exhibiting antimalarial activity
and traditional uses in the treatment of diarrhea, rheumatism, and respiratory ailments,
with phytochemical analyses revealing the presence of alkaloids, flavonoids, and tan-
nins [29-32]. T. sericea, a member of the Combretaceae family widely distributed across
southern Africa [33-39], contributes to soil conservation, restoration of degraded sites,
and dry-season forage for livestock [33,35,37]. In addition, it is widely utilized for timber,
fencing posts, carvings, and traditional medicine, with extracts from its leaves, bark, and
roots demonstrating antimicrobial, antibacterial, and antifungal properties [33-35,40—47].
These ecological functions and socio-economic benefits highlight the importance of under-
standing the responses of both species to disturbance while developing sustainable bush
encroachment management strategies.

Although adult savanna trees have been extensively investigated with respect to
disturbances such as fuelwood harvesting [48-52], fire [53,54], and climate change [55,56],
relatively little attention has been paid to juvenile stages. Existing research has largely
focused on adult woody plants and the disturbances they experience [57], overlooking
the important role of juvenile plants in species recruitment and population persistence.
Frequent disturbances in savannas, including fire, fuelwood collection, drought, herbivory,
cutting, grazing pressure, climate change, and human activities, continually affect juvenile
individuals of both D. cinerea and T. sericea [8]. Studies have further shown that seedling and
sapling survival is species-specific in disturbed habitats and that savanna woody species
may perform differently between communal and protected areas [58]. Consequently,
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understanding juvenile responses to disturbance is fundamental for improving knowledge
of recruitment dynamics and long-term vegetation structure.

Cutting disturbances are widely used to control bush encroachment in African sa-
vannas [24-26]. Woody species generally exhibit the capacity of resprouting following
disturbance [57], and juvenile plants may display even greater resilience than adults [8].
Resprouting is largely supported by stored non-structural carbohydrate reserves contained
in underground organs such as lignotubers, rhizomes, bulbs, and roots, which provide the
energy required for the regeneration of new shoots following destruction of above-ground
biomass [59]. Lignotubers have also been described as important sources of dormant
buds or regenospheres that facilitate post-disturbance regeneration [60]. In Mediterranean
shrubs, repeated clipping has been shown to substantially deplete starch and soluble
sugar reserves stored in lignotubers, thereby reducing the resources available for sub-
sequent resprouting [61]. While canopy cover has been shown to influence resprouting
success [57], tree density and other plant characteristics may exert less influence following
disturbance [62]. Although previous studies have documented resprouting following dis-
turbance, relatively few have examined the responses of juvenile savanna woody species
to cutting disturbances while simultaneously assessing growth responses (height and leaf
production) and physiological responses, particularly root soluble sugar concentrations,
under natural field conditions. Furthermore, there remains a notable gap in understand-
ing juvenile responses to human-induced cutting disturbances aimed at controlling bush
encroachment compared with the well-documented responses of adult trees [48].

Effective management of bush encroachment requires improved understanding of
recruitment dynamics and the responses of juvenile woody plants to cutting disturbances.
Therefore, this study employed a quadrant sampling method to investigate the effects of
cutting disturbances on juvenile individuals of D. cinerea and T. sericea in the semi-arid
savanna biome of the Nylsvley Nature Reserve (NNR). Specifically, the study examined
how cutting affected resprouting behaviour, regeneration capacity, height growth, leaf
production, and root soluble sugar concentrations of juvenile plants under natural field
conditions. Root soluble sugar concentrations were assessed because carbohydrate reserves
stored in underground organs play a central role in supporting post-disturbance resprouting
and recovery. The study tested the hypothesis that the magnitude of resprouting responses
differs between D. cinerea and T. sericea and varies with the season in which cutting is
applied because of differences in species-specific regeneration strategies and seasonal
carbohydrate availability.

2. Materials and Methods
2.1. General Overview of the Study Area

The study was conducted in the NNR, a savanna ecosystem located in the upper
catchment of the Nyl River in Limpopo Province, South Africa. The reserve forms part of
the 3120 ha Nylsvley Provincial Nature Reserve (24°39’ S, 28°42’ E; 1080 m above sea level).
Two sampling sites were selected within the reserve for data collection: the Maroelakop and
Stemmerskop sectors. The Maroelakop sector represents an upland savanna and foothill
landscape dominated by T. sericea, whereas the Stemmerskop sector is situated along the
western boundary of the reserve within an ecotonal area dominated by D. cinerea. The
two sampling sites are located at coordinates (—24.6765, 28.6905) and (—24.6695, 28.7084),
respectively (Figure 1) (adapted from [63]). The reserve covers approximately 20% of the
Nyl River floodplain; however, this proportion does not directly influence the experimental
treatments or resprouting responses evaluated in this study. Instead, it reflects the broader
environmental context of the reserve, including seasonal variation in moisture availability
and vegetation characteristics.
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Figure 1. The topographic map of the Nylsvley Nature Reserve in South Africa (adapted from [63]),
where Dichrostachys cinerea and Terminalia sericea dominate the sandstone-backed region stretching
between the Stemmerskop and Maroelakop sectors of the reserve.

The NNR is characterized by a mean annual rainfall (56-year record) of 630 =+ 134 mm,
approximately 85% of which falls between November and April [64]. The mean annual
temperature is approximately 19 °C, with a mean annual temperature range of 10.6 °C and
an absolute temperature range from —3.2 °C to 38.5 °C recorded in the study area [64]. The
reserve supports a semi-arid, dystrophic savanna [65], and the vegetation is classified as
mixed bushveld [66].

The vegetation of the NNR comprises grasses, shrubs, and scattered trees. Common
grass species include Cynodon dactylon, Cymbopogon spp., Heteropogon muticans, Hyparrhe-
nia hirta, Setaria sphacelata, Sporobolus africana, Themeda triandra, and Fimbristylis hispidula
(sedge), among others [67]. The woody vegetation includes Vachellia karroo, which is mainly
associated with clay, waterlogged areas of the reserve, and Vachellia tortilis, which is pre-
dominantly found in areas formerly occupied by farm workers before the establishment of
the reserve. Other woody species commonly found on sandy soils include Burkea africana,
Dombeya rotundifolia, D. cinerea, Ochna pulchra, Peltophorum africanum, and T. sericea [67],
reflecting the soil conditions and vegetation characteristics of the savanna ecosystem.

Fire is an important ecological process within the NNR. Reports from anecdotal infor-
mation indicate that fires occurred at approximately five-year intervals [68]. To minimize
the spread of accidental fires from surrounding areas, firebreaks approximately 3 m wide
were created annually during summer and autumn along the reserve boundary [69]. Be-
cause vegetation communities dominated by V. karroo, B. africana, D. cinerea, and T. sericea
occur within different burning blocks, the various sampling sites have experienced different

fire histories.

2.2. Pre-Treatment Vegetation Survey

Two sampling sites were selected within the NNR for data collection. One site was
dominated by juvenile individuals of D. cinerea, while the other was dominated by juvenile
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individuals of T. sericea. Juvenile plants were defined as young, non-reproductive individu-
als that had yet to reach reproductive maturity (Figures 2 and 3). Each month, 35 juvenile
individuals of D. cinerea and 35 juvenile individuals of T. sericea were randomly selected
from March 2021 to December 2022, spanning a period of 22 months, using probability
random sampling [70]. This sampling method was selected because it provides each indi-
vidual in the population with an equal probability of selection. The sampling sites were
purposively identified based on the availability and dominance of juvenile individuals of
D. cinerea and T. sericea. Thus, although the sampling sites were subjectively selected based
on species occurrence, individual plants within the selected sites were randomly selected
for monthly data collection.

o o
KOO

Figure 2. Sampling site in the Stemmerskop sector of the Nylsvley Nature Reserve, showing a sandy
habitat dominated by juvenile individuals of Dichrostachys cinerea (24.6695° S, 28.7084° E). The inset
image and arrow indicate a representative juvenile D. cinerea plant.

XXX

Figure 3. Sampling site in the Maroelakop sector of the Nylsvley Nature Reserve, showing a sandy
habitat dominated by juvenile individuals of Terminalia sericea (24.6765° S, 28.6905° E). The inset
image and arrow indicate a representative juvenile T. sericea plant.
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2.3. Sampling Procedure and Data Collection Techniques

Following the selection of the sampling sites, quadrats were used to facilitate the
identification and sampling of juvenile individuals of D. cinerea and T. sericea. A4 m X 4 m
quadrat was established at each selected location following standard vegetation sampling
procedures [71,72]. All juvenile individuals of D. cinerea and T. sericea occurring within the
quadrats were identified and recorded. Line transects and square quadrats were used to
facilitate the sampling of juvenile plants of both species [73,74].

From the identified juvenile individuals, 35 individuals of D. cinerea and 35 individuals
of T. sericea were randomly selected each month for the cutting experiment. The selected
individuals were cut to 10 mm above ground level during each monthly sampling period
from March 2021 to December 2022, covering a 22-month study period. The cutting treat-
ments were conducted across the four seasons: autumn, winter, spring, and summer. The
cutting experiment was undertaken to assess the resprouting responses of the two species
to cutting disturbance.

Following each monthly cutting treatment, the resprout height and number of leaves
produced by the cut juvenile individuals were recorded. Resprout height was measured
using a 30 cm ruler or 3 m aggregated tape measure. The number of leaves produced by
each individual was counted, and the measurements were used to calculate mean resprout
height and mean leaf number for each species and cutting season. Standard errors were
calculated for the mean values. The effects of species, cutting season, and the interaction
between species and cutting season on resprout height and leaf number were subsequently
assessed using analysis of variance (ANOVA).

2.4. Subsequent Monitoring and Data Collection of Juvenile Plant Species
2.4.1. Root Sampling and Preparation

Thirty-five similarly sized juvenile individuals of D. cinerea and 35 similarly sized
juvenile individuals of T. sericea were clipped during autumn (February—April), winter
(May-July), spring (August-October), and summer (November-January). Each cut individ-
ual was allowed to recover for one year before root excavation. Plants cut in a particular
season were excavated during the corresponding season in the following year to ensure an
equivalent recovery period.

Immediately after excavation, roots were oven-dried at 100 °C for 1 h, after which the
temperature was reduced to 70 °C for a further hour [75]. This drying procedure in Labcon
oven minimized enzymatic activity that could alter carbohydrate composition through the
interconversion of starch and soluble sugars [75]. Dried roots were subsequently ground
into a fine powder for laboratory analysis.

2.4.2. Determination of Root Sugar Concentrations

Root sugar concentrations were determined following the method described by [75].
Oven-dried root samples were ground into a fine powder, and 0.1 g of each sample was ex-
tracted with 80% ethanol. The extracts were incubated at 0 °C for 72 h, centrifuged in Nuve
NF 1200 centrifuge, and analyzed using the phenol-sulphuric acid method. Absorbance
was measured at 490 nm using a UV Vis Metertech SP 8001 spectrophotometer, and root
sugar concentrations were calculated from a glucose standard curve [75].

2.5. Data Analysis

All statistical analyses were performed using Statistical Package for Social Sciences
(SPSS) version 27. A two-way analysis of variance (ANOVA) was used to evaluate the
effects of species, cutting season, and their interaction on the measured response variables.
The response variables analyzed included resprout height, number of leaves, leaf size, and
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root sugar concentration. Species (D. cinerea and T. sericea) and cutting season (autumn,
winter, spring, and summer) were included as fixed factors in the model, and the interaction
between species and season was also tested.

3. Results
3.1. Resprout Number of Heights

By the end of the experimental period, every juvenile D. cinerea and T. sericea plant that
had been cut had resprouted, regardless of the month of the cut (Table 1). The D. cinerea
overall mean resprout heights yielded the value of 47.4 cm, compared to 58.2 cm observed
for T. sericea. The mean resprout heights based on the season of cutting for D. cinerea
ranged between 22.8 cm in summer, 42.3 cm in spring, 55.1 cm in autumn, and 69.3 cm
in winter (Table 1). On the other hand, the mean resprout heights based on the season
of cutting for T. sericea ranged between 23.9 cm in summer, 60.9 cm in spring, 57.5 cm in
autumn, and 90.5 cm in winter. Average resprout heights between plants of the two species
were found to differ significantly at p < 0.05 (Table 2). Averaged across seasons, T. sericea
resprout heights were 24% (11.7 cm) taller compared to those of D. cinerea (Table 2). The
T. sericea juveniles always maintained higher mean resprout height responses throughout
the monitoring survey period when compared to D. cinerea (Figure 4). The average resprout
heights were found to vary from one season to another (p < 0.05), with winter average
resprout heights taller than those of other seasons, while those of summer were shorter than
for the other three seasons (Tables 1 and 2). In addition to the main effects of plant species
and season of cutting, the interactive effect of plant species and season of cutting (P x S)
on the height of resprouts was also found to be significant. The T. sericea resprouts were
taller compared to the D. cinerea ones in all seasons except in autumn, where no significant
differences in the height of the two species were observed (Figure 4).

Table 1. The mean resprout heights (cm) according to species and season of cutting for juvenile
individuals of Dichrostachys cinerea and Terminalia sericea. The alphabetical letters attached to the
means indicate significant differences between the means according to the Bonferroni ad hoc test.

Means and Significant Differences

Treatments Species and Seasons Mean Resprout Heights (Bonferroni ad hoc Test)

Plant species Dichrostachys cinerea 474 (0.62) b

P Terminalia sericea 58.2 (1.07) a
Summer 22.8 (0.130) g

. . Spring 423 (1.28) e
Dichrostachys cinerea Autumn 55.1 (0.989) d
Winter 69.3 (0.0851) b

Summer 23.9 (0.952) £

Torminali . Spring 60.9 (1.65) c
erminalia sericea Autumn 575 (1.43) cd
Winter 90.5 (0.197) a

Table 2. Results of ANOVA testing the effect of cutting on resprout heights in D. cinerea and T. sericea
following cutting experiments in the Nylsvley Nature Reserve.

Source of Variation df. Sum Squares Mean Squares F-Value p-Value Signif. Code
Species 1 30,350 30,350 236.727 22 x 10716 whx
Season 3 311,985 103,995 811.145 22 x 10716 i
Species: Season 3 18,046 6015 46.919 22 x 10716 e
Residuals 872 111,797 128

Significance code: 0 “***’.
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Figure 4. Mean resprout heights of the Dichrostachys cinerea and Terminalia sericea according to seasons
of clipping, which were autumn, winter, spring, and summer during the period between March 2021
and December 2022. Different alphabetical letters indicate significant differences between means
based on Bonferroni post hoc test. Error bars represent standard error.

3.2. Resprout Number of Leaves

The resprouts of all D. cinerea and T. sericea plant individuals that were cut produced
leaves during the experimental period and throughout all seasons of cutting, as presented
in Table 3 and Figure 5. The average number of resprout leaves was found to vary from
one season to another (p < 0.05) (Table 4). Pertaining to the overall mean number of resprout
leaves throughout the survey period, T. sericea had 119 leaves on average, compared to
113 for D. cinerea. The mean number of resprout leaves based on the season of cutting
for juvenile individuals of D. cinerea during the survey ranged between 74.8 in summer,
119 in spring, 138 in autumn, and 146 in winter (Table 3). The mean number of resprout
leaves based on the season of cutting for juvenile individuals of T. sericea during the survey
ranged between 51 in summer, 117 in spring, 130 in autumn, and 155 in winter. The number
of resprout leaves of the winter-cut plants was 16 (12%) and 32 (27%) more than those
cut in autumn and spring, respectively (Table 4). The number of resprout leaves from the
summer-cut plants was fewer than those from the rest of the seasons, with the resprout
leaves from the winter-cut plants being more than 1-fold (87,1) larger than the summer ones
(Table 4). The average number of leaves between plants of the two species was found to
differ at the significance level of p < 0.05 (Table 4). Averaged across seasons, the number of
T. sericea resprout leaves was 4 (3.4%) less than that of D. cinerea (Tables 3 and 4). In addition
to the main effects of plant species and season of cutting, the interactive effect of plant
species and season of cutting (P x S) on the number of resprout leaves was also significant
(Table 4). The T. sericea resprouts produced fewer leaves compared to the D. cinerea ones in
all seasons except in winter, where their resprouts produced more leaves than those of the
D. cinerea resprouts (Figure 5).
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Table 3. The mean resprout leaves according to species and season of cutting for juvenile individuals
of Dichrostachys cinerea and Terminalia sericea. The alphabetical letters attached to the means indicate
significant differences between the means according to the Bonferroni ad hoc test.

Means and Significant Differences

Treatments Species and Seasons Mean Resprout Leaves (Bonferroni ad hoc Test)
Plant species Dichrostachys cinerea 119.45 (1.163) a
p Terminalia sericea 113.25 (1.476) b
Summer 74.8 (0.986) f
) ) Spring 119 (2.35) e
Dichrostachys cinerea Autumn 138 (0.453) ¢
Winter 146 (0.863) b
Summer 51 (1.20) g
nalia seri Spring 117 (3.63)e
Terminalia sericea Autumn 130 (0.935) d
Winter 155 (0.137) a
200 +
180 + a
b
160 + c d
140 + e ¢
w 120 T
[
5 100 + f wD. i
. cinerea
= 8
OT. sericea

Summer Autumn Winter Spring

Season

Figure 5. Mean number of resprout leaves in juvenile individuals of Dichrostachys cinerea and
Terminalia sericea according to season of clipping (autumn, winter, spring, and summer) from March
2021 to December 2022. Different alphabetical letters indicate significant differences between means
based on Bonferroni post hoc test. Error bars represent standard error.

Table 4. Results of ANOVA testing the effect of cutting on number of resprout leaves following
cutting experiments in the Nylsvley Nature Reserve.

Source of Variation df. Sum Squares Mean Squares F-Value p-Value Signif. Code
Species 1 4124 4124 11.627 0.0006799 A
Season 3 787,600 262,533 740.175 22 %1071
Species: Season 3 27,712 9237 26.043 3.867 x 10716
Residuals 872 309,290 355

Significance code: 0 “***’.
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3.3. Allocation of Sugar Concentration for Resprouting

The allocations of sugar level in all D. cinerea and T. sericea plant individuals that
were root analyzed during the experimental period, throughout all seasons, are shown
in Table 5 and Figure 6. The decrease in average resprout heights of D. cinerea alongside
increased root sugar concentrations in winter suggests that resprout height may not always
correlate positively with root sugar levels. Instead, carbon could be allocated to roots
and other structures. For T. sericea, the autumn distribution of root sugars may correlate
positively with sprout height development, as these plants allocate below-ground reserves
to above-ground structures in autumn (Figure 6). Insufficient sugar reserves may lead
T. sericea to prioritize root sugar allocation over resprout height in summer (Figure 6).
Additionally, plants might bolster root sugar supplies to support regeneration through
stored non-structural carbohydrates in their roots. The analysis of variance revealed
significant effects of species, cutting season, and the interaction between species and season
on root sugar concentration of juvenile individuals of D. cinerea and T. sericea following
cutting disturbances (Table 6). These results indicate that root sugar responses varied
between species and across cutting seasons, suggesting species-specific differences in
carbohydrate dynamics following disturbance.

Table 5. Mean root sugar concentrations of juvenile individuals of D. cinerea and T. sericea according to
species and season of clipping. Different alphabetical letters indicate significant differences between
means based on the Bonferroni post hoc test.

Treatments Species and Seasons Mean Root Sugar Means and Significant
P Concentrations Differences (Bonferroni ad hoc Test)

Plant species Dichrostachys cinerea 21.2 (0.642) b
p Terminalia sericea 67.9 (1.74) a
Summer 21.5 (0.139) e
, ) Spring 34.6 (0.255) d
Dichrostachys cinerea Autumn 218 (0.109) e
Winter 13.8 (0.160) £
Summer 70.5 (194) b
- . Spring 84.9 (0.270) a
Terminalia sericea Autumn 90.3 (0.164) a
Winter 455 (0.804) ¢

Table 6. ANOVA results depicting the effects of cutting disturbances and seasons on root sugar
concentrations in juvenile individuals of Dichrostachys cinerea and Terminalia sericea following cutting
treatments in the Nylsvley Nature Reserve.

Source of Variation df. Sum Squares = Mean Squares F-Value p-Value Signif. Code
Species 1 130,713 130,713 4308.15 2.2 x 10716 o
Season 3 32,483 10,828 356.87 2.2 x 10716 ot
Species: Season 3 9496 3165 104.33 22 x 10716 o
Residuals 232 7039 30

Significance code: 0 “***.
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Figure 6. Mean root sugar concentrations of juvenile individuals of D. cinerea and T. sericea according
to season of clipping (autumn, winter, spring, and summer) from March 2021 to December 2022.
Different alphabetical letters indicate significant differences between means based on the Bonferroni
post hoc test. Error bars represent standard error.

4. Discussion

4.1. Resprouting Capacity of Juvenile Dichrostachys cinerea and Terminalia sericea Following
Cutting Disturbances

Alljuvenile individuals of D. cinerea and T. sericea survived throughout the twenty-two-
month experimental period, demonstrating a strong capacity for post-disturbance recovery
following cutting. The persistence of both species after repeated cutting disturbances
supports previous findings that many savanna woody plants possess effective resprouting
mechanisms that enable survival following above-ground biomass removal [76]. Similarly,
ref. [13] reported that harvested woody plants commonly regenerate after cutting, either
through the production of fewer vigorous shoots or numerous smaller shoots depending
on species characteristics and environmental conditions. Therefore, the continued survival
and regrowth observed in the present study indicate that cutting disturbances alone may
not be sufficient to eliminate juvenile individuals of these bush-encroaching species.

The ability of juvenile plants to resprout is an important ecological trait contributing to
persistence in disturbance-prone savanna ecosystems. Resprouting allows woody plants to
rapidly replace lost above-ground biomass and maintain population persistence after dis-
turbances such as cutting, fire, or herbivory [77,78]. The present findings demonstrate that
juvenile individuals of D. cinerea and T. sericea retain this recovery capacity despite seasonal
variation in cutting time, highlighting the importance of considering plant developmental
stage when evaluating bush encroachment management strategies.

4.2. Influence of Cutting Season on Resprout Height and Recovery Responses

Season significantly affected resprout height, with winter-cut individuals producing
taller resprouts than plants cut during autumn, spring, or summer. Seasonal differences
in post-disturbance recovery have previously been linked to variation in plant resource
availability, particularly the availability and allocation of below-ground reserves that
support initial shoot development following biomass loss [57,61]. Although root sugar
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concentration was measured in the present study, total non-structural carbohydrate reserves
were not quantified. Therefore, the stronger resprouting observed after winter cutting
cannot be directly attributed to greater carbohydrate storage. However, seasonal variation
in soluble carbohydrate availability and plant physiological condition may contribute
to differences in regeneration capacity. Previous studies have demonstrated that stored
carbohydrates provide energy for bud activation and early shoot growth before newly
developed leaves become fully photosynthetically active [61]. In addition, successful
resprouting depends not only on resource availability but also on the presence and viability
of dormant buds capable of producing new shoots [77,78].

The lower resprout height observed following summer cutting may reflect seasonal
differences in resource allocation. During periods of active growth, plants allocate resources
towards shoot development, leaf production, and maintenance processes, which may influ-
ence their capacity to recover following disturbance [79]. However, further physiological
studies measuring carbohydrate dynamics before and after cutting would be required to
directly confirm this mechanism.

4.3. Species-Specific Differences in Resprouting Responses

The significant interaction between species and cutting season indicates that D. cinerea
and T. sericea exhibited different resprouting responses depending on the timing of dis-
turbance. Although T. sericea generally produced taller resprouts than D. cinerea across
seasons, these differences suggest variation in species-specific recovery strategies. Such
variation is expected among co-occurring woody species, as differences in morphology,
physiology, resource allocation patterns, and life-history traits can influence responses
to disturbance [80,81]. Similar differences in regeneration responses have been reported
among woody species following biomass removal, with many top-killed shrubs and trees
maintaining persistence through vigorous resprouting [82-89]. Therefore, management
strategies involving cutting disturbances should consider species-specific responses rather
than assuming uniform recovery patterns among bush-encroaching woody plants.

4.4. Seasonal Effects on Resprout Leaf Production and Species Differences in Leaf Traits

Seasonal variation also influenced resprout leaf production, with differences observed
between D. cinerea and T. sericea. These differences may partly reflect contrasting leaf
characteristics between the two species. D. cinerea produces compound leaves, whereas
T. sericea has simple leaves, which may influence patterns of leaf production and seasonal
persistence. However, because photosynthetic performance was not measured in this study,
differences in leaf morphology cannot be directly linked to differences in photosynthetic
efficiency or carbon assimilation. Further research incorporating measurements of photo-
synthetic activity, leaf area, and carbon assimilation would be required to determine how
leaf functional traits contribute to post-disturbance recovery. Leaves remain essential for
restoring photosynthetic capacity after disturbance because they support the production of
new assimilates required for continued growth [90]. Therefore, variation in leaf production
among species may contribute to differences in recovery trajectories following cutting.

4.5. Root Sugar Concentration and Its Relationship with Resprouting Responses

Root sugar concentration differed significantly between species and cutting seasons,
indicating that carbohydrate responses following disturbance were species-dependent.
Seasonal variation in carbohydrate dynamics has been identified as an important factor
influencing woody plant recovery after disturbance [19,61,91]. In D. cinerea, the negative
relationship between root sugar concentration and resprout height during winter may
indicate that stored soluble sugars were being utilized during active shoot regeneration.
Conversely, the positive relationship observed in T. sericea during autumn suggests that
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greater sugar availability may contribute to improved recovery under certain seasonal
conditions. However, these relationships should be interpreted cautiously because carbo-
hydrate mobilization was not directly measured.

The observed differences suggest that species-specific carbohydrate regulation may
influence recovery following cutting disturbances. Future studies incorporating detailed
measurements of total non-structural carbohydrates, carbohydrate allocation patterns,
and below-ground storage organs would provide further insight into the mechanisms
underlying resprouting responses. In addition, environmental factors such as soil texture,
nutrient availability, and moisture conditions may influence resource acquisition and
storage. Because detailed soil physicochemical properties were not measured in the present
study, future research should incorporate edaphic assessments to quantify their contribution
to regeneration responses.

4.6. Implications for Bush Encroachment Management

The ability of juvenile individuals of D. cinerea and T. sericea to survive and regenerate
after cutting disturbances indicates that cutting alone may not provide long-term control of
these bush-encroaching species. Although winter cutting resulted in stronger resprouting
responses, summer cutting reduced resprout growth and may therefore represent a more
suitable period for limiting vigorous post-cutting recovery. Nevertheless, seasonal cutting
should be considered as one component of integrated management strategies, including
repeated monitoring and complementary control approaches. Since this study focused on
two woody species at a single savanna site, further studies across multiple locations and
species are required before broader ecosystem-level recommendations can be developed.
Future studies should also incorporate pre-disturbance measurements of plant height,
stem diameter, and biomass to better quantify the influence of initial plant condition on
post-cutting recovery responses.

5. Conclusions

This study demonstrates that juvenile individuals of D. cinerea and T. sericea can
resprout following cutting disturbance, although the magnitude of their responses differed
between species and seasons. Cutting season influenced resprout growth, with winter-cut
individuals producing greater resprout heights than those cut during autumn, spring, and
summer. T. sericea generally produced taller resprouts than D. cinerea, despite having fewer
leaves. The observed variation in root sugar concentrations among seasons may reflect
differences in plant physiological activity and seasonal environmental conditions, which
could contribute to differences in post-cutting recovery.

Within the environmental conditions of the NNR, the observed resprouting responses
suggest that summer cutting may be a suitable period for managing juvenile individuals
of D. cinerea and T. sericea. However, this interpretation should be considered within the
limitations of the study, which focuses specifically on juvenile individuals of two woody
species and sampling sites selected based on the occurrence and dominance of the target
species. Consequently, the findings should not be generalized to other growth stages,
woody species, or savanna ecosystems without further investigation. The observed species-
and season-specific responses nevertheless provide useful information for understanding
the response of juvenile D. cinerea and T. sericea to cutting disturbance and may contribute
to the development of more targeted bush encroachment management approaches in the
NNR. Further research involving additional species, growth stages, and sites would help
determine whether the observed patterns are consistent under different environmental and
ecological conditions.
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