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Abstract — Climate change scenarios project that several regions, especially in dryland areas of sub-
Saharan Africa, will undergo increasing aridity and, subsequently, expanding land degradation. The
study aims to investigate the effect of two drying treatments on establishing and growing Hashab
(Acacia senegal) and Boabab (Adansonia digitata) in nursery conditions. Through a 2x2 factorial
experiment, seedlings grown in a mixture of silt and sand soil (2:3) were treated by irrigation intervals
of one or two liters every three days for 14 weeks to simulate rainfall fluctuation patterns. Seedling
germination rate, leaf number, stem height, and diameter were measured weekly; taproot length, shoot,
and root dry weights were also assessed. The results showed that neither drying treatment significantly
affected A. senegal and A. digitata seedling growth parameters. However, an interaction effect was
found in the height and diameter for A. senegal and shoot dry weight for A. digitata. The study concluded
that A. senegal and A. digitata seem tolerant to drying treatment. Therefore, the two species are
recommended for afforestation programs in areas with relatively harsher conditions. Also, exposing the
seedlings of these studied species to similar, extended periods of simulated drought (e.g., 6 — 12 months)
is recommended for future studies.

Acacia senegal / Adansonia digitate / climate change / dryland / Savannah /Sudan

Kivonat — Szimulalt aszaly és csapadék ingadozas hatasa két szavannai fafaj csemetéinek
novekedésére Szudanban: egy kisérleti felfedezés. Az éghajlatvaltozasi forgatokonyvek szerint tobb
régio, killonosen a szaraz teriiletek a szubszaharai Afrikaban, egyre szarazabba valnak és ennek
kovetkeztében a talajdegradacio is terjedni fog. A tanulmany célja a Hashab (Acacia senegal) és a
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Boabab (Adansonia digitata) két szaritasi kezelésnek a csemetekerti koriilmények kozotti kialakulasara
és novekedésére gyakorolt hatdsanak vizsgalata. Egy 2x2 faktorialis kisérleten keresztiil, amelyben
magoncokat neveltiink homokos és iszapos talajkeverékben (2:3) 6nt6zési intervallumokkal, amelyek 1
vagy 2 literes vizmennyiségeket kaptak minden 3. napon 14 hétig, hogy szimulaljuk a csapadék-
ingadozasokat. A magoncok csirdzasi aranya, a levél- és a szar magassaga, valamint 4&tmérdjiik hetente
mérve lett, majd a hosszh gyokér, a hajtas és a gyokér szaraz tomegeit értékeltiik ki. Az eredmények azt
mutatjak, hogy egyik szaritasi kezelés sem volt hatassal az A. senegal és az A. digitata magoncok
novekedési paramétercire. Azonban interakciés hatast talaltunk az A. senegal magassagara ¢és
atmérGjére, valamint az A. digitata hajtas szaraz tomegére. A tanulmany arra a kovetkeztetésre jutott,
hogy mind az A. senegal, mind az A. digitata toleransnak tlinik a szaritasi kezeléssel szemben, ezért
mindkét faj ajanlhat6 az erddsitési programokhoz olyan teriileteken, ahol viszonylag szélsdségesebbek
a kortilmények. A jovObeni vizsgalatok soran érdemes volna a vizsgalt fajok csemetéit hosszabb ideig
(pl. 6-12 honap) szimulalt aszalynak kitenni.

Acacia senegal / Adansonia digitate / klimavaltozas / szaraz teriiletek / Szavanna / Szudan

1 INTRODUCTION

Climate change poses a grave threat to the planet and its inhabitants. The Intergovernmental
Panel on Climate Change (IPCC) reports that if global temperatures continue to increase at the
current rate of 0.2 °C per decade, it will result in a 1.5 °C increase between 2030 and 2052
compared to the preindustrial levels (IPCC 2018). Global and regional climatic changes are
expected to increase the frequency and severity of other natural hazards, such as droughts,
heavy precipitation, floods, and monsoons (Grillakis 2019, Gebrechorkos et al. 2020, Carvalho
et al. 2022, Aibaidula et al. 2023). According to the IPCC (2014), Sudan is projected to
experience increasing temperatures, with summer averages expected to rise by 1.5 to 3.0 °C
and winter averages by 1.1 to 2.1 °C by 2100. Additionally, there will be changes in
precipitation patterns, characterized by a decrease in overall precipitation and increased
variability, ranging from 15 % to 190 % coefficient of variation (CV). Rainfall shifts of up to
6mm and changes in the timing and length of the rainy season are anticipated. Reduced water
availability will likely increase this risk and worsen land degradation (Roy et al. 2022,
Chaudhuri et al. 2023). Africa has been identified as exceptionally vulnerable to the impacts of
climate change; however, impacts are worse in dryland ecosystems, particularly sub-Saharan
Africa (IPCC 2014, Hoffmann 2022, Ntali et al. 2023).

Drylands cover 43% of land in Africa and about 65% of the countries are dryland
(Gebremeskel et al. 2021, Ren et al. 2022, Kuyah et al. 2023). Sudan is classified as a dryland
country; more than half of the area is desert, 23% is a savannah ecosystem, 10% is forested,
13% is grasslands, 13% is agricultural lands, and 1% is water resources. The remainder is other
(i.e., urban areas) (FAO 2013). The Savanna ecosystem in Sudan is a source of several
ecosystem services, including providing livelihood and support for rural life. However, it is also
a vital host of great biological diversity (Abdel Magid 2001, Siddig et al. 2019, Mohamed 2022,
Mulatu et al. 2022).

Climate change is a major environmental threat to Sudan’s dryland biodiversity because it
reduces overall ecosystem productivity, composition, function, and vegetation diversity (Stavi
et al. 2023, Abdoelmoniem et al. 2023). Savannah ecosystems are more fragile to soil erosion
and lower rainfall levels. Climate extremes (e.g. drought) are highly expected in Sudan because
rainfall patterns in savannas link directly to climate change, rising temperatures, and the El
Nino phenomenon. Subsequently, tree species will likely suffer from water scarcity, reflected
in species distribution and patterns in savannas and woody land (Huang et al. 2022, Delgado et
al. 2022, Dahan et al. 2023). Desertification is likely to complicate the impacts of climate
change on savannah ecosystems as the Sahara Desert expands rapidly southwards (Ardi 2013).
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Hashab (Acacia senegal) is a priority dryland species, a crucial component of traditional
dryland agroforestry resilience systems, and a source of livelihood in Sudan (Mohamed et al.
2015, Deng et al. 2017, Gadallah et al. 2022, Hasoba et al. 2020, Hemida 2023). A. senegal is
a multi-purpose tree that produces gum arabic, a high-value export commodity in Sudan and
other African countries (Peroches et al. 2022). The tree also provides animal fodder, multiple
timber products, intercropping, firewood, food, and medicines (Fadl — El Sheikh 2010, Peroches
et al. 2022). Furthermore, it is one of the most significant sub-Saharan African trees inhabiting
savannah systems to be threatened by ongoing anthropogenic and climate-mediated
degradation, leading to substantial losses of natural habitats (Marchant 2022, Abdoelmoniem
et al. 2023). The tree is found to be more responsive to its limited growth factors, especially by
availing water in the seedling stage (Abdoelmoniem et al. 2023).

The Baobab tree (Adansonia digitata) is widely distributed in Africa, forming a belt in
central Sudan (Elamin 1990, Adesina — Zhu 2022, Elsayed et al. 2023). A. digitata is a valuable
savanna tree for food, fodder, and medicine it provides animals and humans (Leakey et al. 2022,
Bosch et al. 2004, Saeed et al. 2023). The European Union approved the species as a novel food
in 2008, granting African farmers access to a billion-dollar industry (Hermann 2009, Meinhold
et al. 2022, Leakey et al. 2022). Nicknamed the Tree of Life, the endangered baobabs play a
significant role in their ecosystem by keeping soil conditions humid, promoting nutrient
recycling, and preventing soil erosion. Additionally, they are a vital source of food, water, and
shelter for various animals, birds, reptiles, and insects (Nayak et al. 2022).

Drought stress at germination and seedling emergence stages may have a series of
disastrous consequences on the dynamics of species. For instance, a lack of natural regeneration
and the decline of A. senegal and A. digitata populations have been commonly observed in
Sudan (Fischer 2020, Mohammed 2021). However, the link between drought resistance and
plant distribution and diversity of the two species needs to be better understood. The present
study focuses on the effects of simulated drought and rainfall fluctuations on seedling growth,
providing insights into how changing environmental conditions can affect tree species. This
study is relevant because it explores the tree seedling responses to simulated drought and
rainfall fluctuations within a savanna setting. Understanding the influence of these factors on
seedling growth can provide valuable insights into the resilience and adaptability of tree species,
which is relevant not only in Sudan but also in other ecosystems, including those in Central
Europe. This paper aims to experimentally investigate drought impacts on the establishment
and development of these two species.

2 MATERIALS AND METHODS

2.1 Seed source

A. senegal and A. digitate seeds were collected from trees growing naturally in the Elain Natural
Forest Reserve (12° 52" -13° 04" N and 30° 10°-30° 24" E), 26 km south of Elobeid, the capital
of North Kordofan State, Sudan. The forest falls under savannah low rainfall and receives
annual rainfall between 300-600 mm.

2.2 Study site and settings

The experiment was conducted in the nursery facility in the Faculty of Forestry at the University
of Khartoum, Shambat Area (latitude 15°40 N, longitude 32° 32 E and height 380 m above sea
level) (Figure 1) from December 2017 to March 2018. Annual precipitation of 14.28 mm,
annual temperatures (min. 24.76°C, max. 37.25 °C), relative humidity of 22.53 %, and dense
vegetation adjacent to the eastern bank of the river Nile characterize the region.
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Nursery, Faculty of Forestry
_ — University of Khartoum

Figure 1. Map of the study area.

2.3 Experimental design and treatments

The study simulated drought and rainfall fluctuation effects on the seedling growth of two
savannah tree species in an area with annual rainfall between 300-600 mm. The experiment
design was through a 2x2 factorial study. The treatments were drought occurrence (i.e., drought
occurs or does not occur) and drought pattern (i.e., occurs regularly or randomly).

The study collected 250 grams of A. senegal and A. digitata seeds from the Kordofan region
and sowed three seeds of each species in 24 pots (six seeds per pot; 72 seeds). Irrigation in the
first three weeks was two liters in three-day intervals, assigned to normal condition (no drought)
units. An irrigation interval of one liter every three days was assigned to drying units (drought
conditions). From week four to week 14, irrigation intervals used to simulate rainfall
fluctuations were assigned randomly to the pots by adopting two weeks of irrigation breaks.
Consultations with hydrology and climatology experts determined the water amounts used for
irrigation in the experiment. The study also considered natural rainfall patterns in the low-
rainfall Savannah, which typically ranges between 300 and 600 mm.

2.4 Measured variables

The study monitored seedling germination, growth, and survival weekly. Germination was
observed for the presence or absence of newly germinated seeds, seedling height, diameter, and
number of leaves. Then plants were harvested and separated into shoot and root, where the tap
root lengths were measured. Shoot and root dry weight was determined by oven drying for 24
hr at 105 °C. Soil characteristics were also assessed by conducting before and after treatments
following the same sample quantity. In particular, Electric Conductivity (EC) pH, Sodium
Adsorption Ratio (SAR), and Field Capacity (FC) were measured (Pachepsky — Rawls 2005).

2.5 Statistical methods

The Analysis of Variance (ANOVA) procedures and Duncan’s Multiple Range Test were
applied to separate means of the same factor that were performed using the R open-source
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software program (R core team 2021), and simple summary descriptive statistical methods were
used.

3 RESULTS

3.1 Effect of simulated drying and rainfall fluctuation pattern on the development and
growth of A. senegal seedlings

Drying and rainfall fluctuation patterns did not significantly affect A. senegal seedling height,
diameter, leaf number, taproot length, and shoot and root dry weights (P < 0.05, Table 1).
However, the interaction effect of drying and fluctuation was significant on seedling height and
diameter (F1,20=5.522, P < 0.05) and (F1,20=4.902, P < 0.05), respectively.

Table 1. Results of ANOVA test for effects of simulated drying and rainfall fluctuation pattern
on A. senegal seedling growth

Source Df Sum Sq Mean Sq F value Pr(>F)
Shoot Height

Drying 1 20.17 20.17 2.817 0.1088
Fluctuation 1 11.48 11.48 1.604 0.2199
Drying: Fluctuation 1 39.53 39.53 5.522 0.0292 *
Residuals 20 143.16 7.16

Number of Leaves
Drying 1 40 39.8 0.207 0.6539
Fluctuation 1 3 3.2 0.016 0.8993
Drying: Fluctuation 1 727 727.1 3.786 0.0659
Residuals 20 3841 192.0

Root Length
Drying 1 65 65.0 0.333 0.5704
Fluctuation 1 53 52.5 0.269 0.6098
Drying: Fluctuation 1 721 720.5 3.689 0.0692
Residuals 20 3907 195.3
Biomass
Drying 1 63 63.1 0.309 0.5844
Fluctuation 1 49 49.0 0.240 0.6293
Drying: Fluctuation 1 734 733.7 3.596 0.0724
Residuals 20 4080 204.0
Plant Diameter

Drying 1 0.02667 0.02667 3.137 0.0918
Fluctuation 1 0.01500 0.01500 1.765 0.1990
Drying: Fluctuation 1 0.04167 0.04167 4.902 0.0386 *
Residuals 20 0.17000 0.00850

Root Dry Weight
Drying 1 0.015 0.0150 0.091 0.766
Fluctuation 1 0.060 0.0600 0.363 0.553
Drying: Fluctuation 1 0.060 0.0600 0.363 0.553
Residuals 20 3.303 0.1652

Shoot Dry Weight
Drying 1 0.0417 0.04167 0.725 0.4047
Fluctuation 1 0.0017 0.00167 0.029 0.8665
Drying: Fluctuation 1 0.2400 0.24000 4174 0.0545
Residuals 20 1.1500 0.05750
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3.2 Effect of simulated drying and rainfall fluctuation pattern on the development and

growth of A. digitata seedlings

Drying and rainfall fluctuation patterns did not significantly affect the A. digitata seedling
height, diameter, leaf number, taproot length, and shoot and root dry weights. However, a
significant interaction effect was found on shoot dry weight (F1, 20 = 4.17, P = 0.05; Table 2),
root length (P= 0.06), and biomass (P=0.07).

Table 2. Results of ANOVA test for effects of simulated drying and rainfall fluctuation pattern
on A. digitata seedling growth.

Source Df Sum Sq Mean Sq F value Pr(>F)
Shoot Height

Drying 1 2.34 2.344 0.293 0.594
Fluctuation 1 0.01 0.010 0.001 0.972
Drying: Fluctuation 1 0.84 0.844 0.105 0.749
Residuals 20 160.13 8.007

Number of Leaves
Drying 1 5.42 5.423 1.036 0.321
Fluctuation 1 0.46 0.459 0.088 0.770
Drying: Fluctuation 1 0.46 0.459 0.088 0.770
Residuals 20 99.43 5.233

Root Length
Drying 1 65 65.0 0.333 0.5704
Fluctuation 1 53 52.5 0.269 0.6098
Drying: Fluctuation 1 721 720.5 3.689 0.0692
Residuals 20 3907 195.3
Biomass

Drying 1 77 63.2 0.312 0.5855
Fluctuation 1 50 49.22 0.250 0.6288
Drying: Fluctuation 1 735 733.7 3.595 0.0722
Residuals 20 4090 204.0

Plant Diameter
Drying 1 0.0104 0.010417  0.652 0.429
Fluctuation 1 0.0012 0.001157  0.072 0.791
Drying: Fluctuation 1 0.0012 0.001157  0.072 0.791
Residuals 20 0.3194 0.015972

Root Dry Weight
Drying 1 0.0150 0.01500 0.0908 0.7663
Fluctuation 1 0.0600 0.0600 0.363 0.553
Drying: Fluctuation 1 0.0600 0.0600 0.363 0.553
Residuals 20 3.3033 0.16517

Shoot Dry Weight
Drying 1 0.0412 0.04157 0.721 0.4027
Fluctuation 1 0.0015 0.00144 0.025 0.8625
Drying: Fluctuation 1 0.2200 0.2477 4.17 0.0542
Residuals 20 1.1700 0.05780

3.3 Effect of simulated drying and rainfall fluctuation pattern on soil conditions of the

two studied species

Drying significantly affected SAR (F1,20=13.91, P < 0.01) but not on other variables. Further,
rain fluctuation patterns showed no significant effects on any measured variables (FC, EC, pH,
and SAR). On the other hand, the interaction effect was marginal on soil pH (F1,20=3.689, P =

0.06, Table 3).
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Table 3. Results of ANOVA test for the effect of simulated drying and rainfall fluctuation pattern

on soil
Source Df Sum Sq Mean Sq F value Pr(>F)
Field Capacity (FC)
Drying 1 2.60 2.600 0.372 0.549
Fluctuation 1 0.77 0.770 0.110 0.743
Drying: Fluctuation 1 0.07 0.070 0.010 0.921
Residuals 20 139.91 6.995
Electrical Conductivity (EC) — Salinity
Drying 1 0.0067 0.00667 0.087 0.772
Fluctuation 1 0.1067 0.10667 1.385 0.253
Drying: Fluctuation 1 0.1067 0.10667 1.385 0.253
Residuals 20 1.5400 0.07700
pH
Drying 1 65 65.0 0.333 0.5704
Fluctuation 1 53 52.5 0.269 0.6098
Drying: Fluctuation 1 721 720.5 3.689 0.0692
Residuals 20 3907 195.3
Sodium Adsorption Ratio (SAR)
Drying 1 0.20167 0.20167 13.91 0.00132 **
Fluctuation 1 0.00667 0.00667 0.46 0.50550
Drying: Fluctuation 1 0.00667 0.00667 0.46 0.50550
Residuals 20 0.29000 0.01450

3.4 Trend of growth and development factors of two studied species:

The trend of seedling response to drying and rain fluctuation treatments was moderate and
varied between the species. As the following figures show (Figures 2, 3, 4, and 5), the number
of leaves on Hashab seedlings increased in the first seven weeks for all treatments before
decreasing in the last three weeks. The interaction of drying and fluctuations significantly
increased the number of leaves compared to the independent (main) treatment (Figure 2). The
results are as expected if the drying fluctuations are discounted; however, the drying
fluctuations influenced the results unexpectedly.
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Figure 2. The trend of weekly changes in the number of leaves for Acacia senegal (H) seedlings.
D = Drying treatment & F = Drying fluctuation pattern treatment; 1 = treatment present; 0 =

treatment absent.
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Figure 3. The trend of weekly changes in the number of leaves for Adansonia digitata (A)
seedlings. D = Drying treatment & F = Drying fluctuation pattern treatment; 1 = treatment
present; 0 = treatment absent.

Adansonia seedlings responded negatively to the drying and fluctuation treatments, as the
number of leaves in the treated pots showed a declining trend compared to the control (Figure
3). Seedling height for Hashab trees showed an increasing trend because the interaction effects
of the two treatments seemed higher than the control (Figure 4). On the other hand, the height
of Adansonia seedlings in the interactive treatments showed a steady, stable trend compared to
the control treatment (Figure 5).
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Figure 4. The trend of weekly changes in seedling height for Acacia senegal (H). D = Drying
treatment & F = Drying fluctuation pattern treatment; 1 = treatment present; 0 = treatment
absent.
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Figure 5. The trend of weekly changes in seedling height for Adansonia digitata (A). D =
Drying treatment & F = Drying fluctuation pattern treatment; 1 = treatment present; 0 =
treatment absent.

4 DISCUSSION

The present study tested the effect of the simulated drought and drying pattern on Acacia
senegal and Adansonia digitata seedling establishment in nursery conditions. It provides
valuable information about these species’ potential for adapting to future climate change
scenarios by exposing them to controlled environmental stressors. Sustainable reforestation and
afforestation programs can benefit from the findings because they can aid in selecting tree
species that do well in varying climates. The study’s rigorous experimental design ensures
accurate results and adds to our knowledge of how to preserve the savannah ecosystems of
Sudan. The findings also help with climate-resilient land use planning and provide insight into
broader ecological implications.

Our results showed some significant effects and varied impacts of drying and watering
fluctuation patterns within and between the two species in some of the parameters investigated.
Seedling growth of the two species, as measured by the number of leaves and plant shoot height,
showed some negative responses to the treatments. Results were consistent with our early
assumptions and literature about plant responses to environmental changes in dryland
(Schreiner-McGraw et al. 2020, Sun et al. 2021, Wang et al. 2022). Studies have also reported
that trees native to arid environments often have a high root/shoot ratio; the higher the exposure
to drought, the more the ratio between root and shoot mass shifted further in favor of root
growth (Larcher 1995, Lozano et al. 2022, Wu et al. 2023) and was found in many dry zone
plants, including Acacia tortilis, Acacia senegal, and Acacia mellifera (Elmagboul 2002, Musa
2005, Retta et al. 2022, Zwarts et al. 2023).

Many studies proved that a lack of rainfall is the main reason for low Baobab seedling
survival in several countries (Sanchez 2011, Hellion—Gusted 2004, Venter — Kwiatkowski
2013, Fischer et al. 2020). However, Schweiger et al. (2020) have projected that efficient
Baobab recruitment may occur every 100-150 years. Thus, in the absence of Baobab
regenerations, episodic recruitment could maintain Baobab populations (Sanchez 2011, Venter
2012, Venter — Kwiatkowski 2013, Msalilwa et al. 2020, Orina et al. 2021).

Acacia senegal seedlings were more tolerant than Adansonia digitata seedlings in response
to drying and drying fluctuation patterns suggesting that plants can adapt to drought conditions
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by shedding older leaves. Drought resistance differences in species may be a crucial factor
influencing species distributions in the dry tropics. However, the link between species drought
resistance and plant distribution and diversity needs to be better understood, mainly because
comparative quantitative assessments of the effects of drought on plant growth and survival are
largely missing. We use drought resistance as “the capacity of a plant to withstand periods of
dryness” (Larcher 2000), i.e., the ability to survive drought while minimizing reductions in
growth and, ultimately, fitness.

On the other hand, increasing drying conditions affected the total plant dry weight for both
studied species. Although Acacia senegal seedlings showed higher total plant weight, the two
species no significant weight differences during the experiment. Indeed, this indicates the
tolerance of Acacia senegal to survive arid conditions with reasonable growth performance and
biomass buildup. Furthermore, the observed higher root/shoot ratio in Acacia senegal indicates
that this species is more prone to survive dry conditions.

Both species can withstand drying and watering fluctuations, indicating their resistance
against anticipated drought conditions. However, Acacia senegal seedlings seem more tolerant
to drought and rain breaks than Adansonia digitata seedlings.

5 CONCLUSIONS

This study concludes with significant insights regarding the effects of simulated drought and
drying patterns on the growth and development of Acacia senegal and Adansonia digitata
seedlings. The findings suggest that the two species have different tolerance levels to drying
treatments, with Acacia senegal seedlings demonstrating greater tolerance than Adansonia
digitate seedlings. The drought resistance differences between the two species may
significantly influence their distributions in the dry tropics. The study also highlights the
importance of water harvesting techniques and protection from browsing animals and humans
during afforestation projects involving these two species. Additionally, the results suggest that
further research is needed to assess the impacts of longer drying intervals on the growth and
development of both seedlings and to investigate their sensitivity to other climate change
factors, such as heat waves and temperature rises. In light of the findings, the study recommends
prioritizing Acacia senegal for afforestation programs in areas with more arid conditions and
that special programs be developed for Baobab afforestation focusing on drying tolerance for
seedlings and protection from browsing. Nevertheless, the results of this study warrant caution
as they are of only are from only one experiment with relatively low replications. Overall, this
study contributes to our understanding of the effects of drying on seedling survival and
dynamics and provides valuable insights into the management of afforestation projects in dry
tropics.

Acknowledgements: We acknowledge the grant funding from the Ministry of Higher
Education and Scientific Research in Sudan, provided to Dr. Ahmed Siddig as the principal
investigator for the project. Additionally, we note that this paper is part of a thesis for the first
author, in partial fulfilment of the Master of Desertification Studies at the University of
Khartoum. We extend our heartfelt gratitude to all those who have contributed to the successful
completion of this work. We also acknowledge the support of our colleagues and friends for
their insightful discussions, advice, and encouragement throughout the writing process.
Furthermore, we would like to thank the reviewers for their constructive comments.

Acta Silv. Lign. Hung. 19 (1), 2023



Effect of simulated drought and rainfall on growth of two savannah species 47

REFERENCES

ABDI, O.A — GLOVER, E.K — LUUKKANEN, O. (2013): Causes and impacts of land degradation and
desertification: Case study of the Sudan. International Journal of Agriculture and Forestry 3(2):40—
51. doi:10.5923/j.ijaf.20130302.03. http://article.sapub.org/10.5923.j.ijaf.20130302.03.html

ADESINA, J.A. — ZHU, J. (2022): A Review of the Geographical Distribution, Indigenous Benefits and
Conservation of African Baobab (Adansonia Digitata L.) Tree in Sub-Saharan Africa. Preprints.org
, 2022050287. https://doi.org/10.20944/preprints202205.0287.v1

AIBAIDULA, D. — ATES, N. — DADASER-CELIK, F. (2023): Modelling climate change impacts at a
drinking water reservoir in Turkey and implications for reservoir management in semi-arid regions.
Environ Sci Pollut Res 30, 13582-13604. https://doi.org/10.1007/s11356-022-23141-2

CARVALHO, D. — PEREIRA, S.C. - SILVA, R. —ROCHA, A. (2022): Aridity and desertification in the
Mediterranean under EURO-CORDEX future climate change scenarios. Climatic Change, 174(3—
4): 28 p. https://doi.org/10.1007/s10584-022-03454-4

CHAUDHURI S. — RoY M. — MCDONALD L. M. — EMENDACK Y. (2023): Land Degradation—
Desertification in Relation to Farming Practices in India: An Overview of Current Practices and
Agro-Policy Perspectives. Sustainability 15(8): 6383. https://doi.org/10.3390/su15086383

DAHAN, K.S. — KASEIl, R.A. — HUSSEINI, R. — SAID, M.Y. — RAHMAN, M.M. (2023): Towards
understanding the environmental and climatic changes and its contribution to the spread of wildfires
in Ghana using remote sensing tools and machine learning (Google Earth Engine). International
Journal of Digital Earth 16(1): 1300-1331. https://doi.org/10.1080/17538947.2023.2197263

DELGADO, R.C. — DE SANTANA, R.O. — GELSLEICHTER, Y.A. — PEREIRA, M.G. (2022): Degradation of
South American biomes: What to expect for the future?. Environmental Impact Assessment
Review 96, p.106815. https://doi.org/10.1016/j.eiar.2022.106815

DENG, B. — TAMMEORG, P. — LUUKKANEN, O. — HELENIUS, J. — STARR, M. (2017): Effects of Acacia
seyal and biochar on soil properties and sorghum yield in agroforestry systems in South Sudan.
Agroforestry systems 91: 137-148. https://doi.org/10.1007/s10457-016-9914-2

EL AMIN, H.M. (1990): Trees and shrubs of the Sudan. Ithaca Press, Exeter. 491 np.
https://www.abebooks.com/9780863721151/Trees-Shrubs-Sudan-EI-Amin-086372115X/plp

ELMAGBOUL, A.E. (2002): Comparative study of seed characteristics of Acacia tortilis, Subspecies
raddiana and subspecies spirocarpa. M.Sc thesis, Sudan University of Science and Technology.

ELSAYED, M.E. — ABDALHAMEED, H.A. — ELTAHIR, M.E. — ADAM, |. — SULIEMAN, |. — ABDALGADER,
A. — HASSAN, E.A. — KRAWINKEL, M. — MusA, F.I. (2023): Uses, Harvesting, Consumption of
Baobab Leaves, Pulps and Seeds in North and West Kordofan States Sudan. Journal of Global
Agriculture and Ecology 20-28. https://doi.org/10.56557/jogae/2023/v15i18126

FADL, K.E.M. — sHEIK, S.E.E. (2010): Effect of Acacia senegal on growth and yield of groundnut,
sesame and roselle in an agroforestry system in North Kordofan state, Sudan. Agroforestry Systems
78(3): 243-252. https://doi.org/10.1007/s10457-009-9243-9

FA0 (2013): Optimization of feed use efficiency in ruminant production systems — Proceedings of the
FAO Symposium, 27 November 2012, Bangkok, Thailand, by Harinder P.S. Makkar and David
Beeve, eds. FAO Animal Production and Health Proceedings, No. 16. Rome, FAO and Asian-
Australasian ~ Association of  Animal  Production  Societies, Rome, 225-250.
https://www.fao.org/3/i3331e/i3331e.pdf

FISCHER, S — JACKERING, L — KEHLENBECK, K. (2020): The baobab (Adansonia digitata L.) in southern
Kenya-a study on status, distribution, use and importance in Taita—Taveta County. Environmental
management, 66, pp. 305-318. https://doi.org/10.1007/s00267-020-01311-7

GADALLAH, N.A.H. — TAHA, I.S.A. — HANO, A.lLA. — SIDDIG, A.AH. — Bo, H.J. (2022): Integrated
Approach for Assessment and Monitoring of Forests Conditions in the Drylands of Sudan. Arid
Ecosystems 12(2): 142-153. https://doi.org/10.1134/S2079096122020032

GEBREMESKEL, D. — BIRHANE, E. — RANNESTAD, M.M. — GEBRE, S. — TESFAY, G. (2021): Biomass and
soil carbon stocks of Rhamnus prinoides based agroforestry practice with varied density in the
drylands  of  Northern Ethiopia.  Agroforestry  Systems  95(7): 275-1293.
https://doi.org/10.1007/s10457-021-00608-8

Acta Silv. Lign. Hung. 19 (1), 2023


http://article.sapub.org/10.5923.j.ijaf.20130302.03.html
https://doi.org/10.20944/preprints202205.0287.v1
https://doi.org/10.1007/s11356-022-23141-2
https://doi.org/10.1007/s10584-022-03454-4
https://doi.org/10.3390/su15086383
https://doi.org/10.1080/17538947.2023.2197263
https://doi.org/10.1016/j.eiar.2022.106815
https://doi.org/10.1007/s10457-016-9914-2
https://www.abebooks.com/9780863721151/Trees-Shrubs-Sudan-El-Amin-086372115X/plp
https://doi.org/10.56557/jogae/2023/v15i18126
https://doi.org/10.1007/s10457-009-9243-9
https://www.fao.org/3/i3331e/i3331e.pdf
https://doi.org/10.1007/s00267-020-01311-7
https://doi.org/10.1134/S2079096122020032
https://doi.org/10.1007/s10457-021-00608-8

48 Elzaki, 1.A.E. et al.

GEBRECHORKOS S. H. — HULSMANN S. — BERNHOFER C. (2020): Analysis of climate variability and
droughts in East Africa using high-resolution climate data products. Global Planet Change
186:103130. https://doi.org/10.1016/j.gloplacha.2020.103130

GRILLAKIS M. G. (2019): Increase in severe and extreme soil moisture droughts for Europe under
climate change. Science of Total Environment 660: 1245-1255.
https://doi.org/10.1016/j.scitotenv.2019.01.001

HASOBA, A. M. M. — SIDDIG, A. A. H. — Y. E. YAGOUB. (2020): Exploring tree diversity and stage
structure of the Nuara Reserved Savanna woodland in central Sudan. Journal of Arid Land 12: 609—
617. https://doi.org/10.1007/s40333-020-0076-8

HEMIDA, M. (2023): The Potentiality of Agroforestry Practices as Essential Land use option for Forest
Rehabilitation and Livelihood Improvement, Case Study of Nabag Forest Reserve, Kordofan State,
Sudan (Doctoral dissertation, University of Sopron, Sopron, Hungary). 138 p. http://doktori.uni-
sopron.hu/id/eprint/871/1/%C3%89rtekez%C3%A9s.pdf

HOFFMANN, R. (2022): Contextualizing climate change impacts on human mobility in African
drylands. Earth's Future 10(6), p.e2021EF002591. https://doi.org/10.1029/2021EF002591

HUANG, J. — GE, Z. — HUANG, Y. — TANG, X. —SHI, Z. — LAI, P. — SONG, Z. — HAO, B. — YANG, H. — MA,
M. (2022): Climate change and ecological engineering jointly induced vegetation greening in
global karst regions from 2001 to 2020. Plant and Soil 1-20. https://doi.org/10.1007/s11104-021-
05054-0

IPCC (2018): Global warming of 1.5°C. An IPCC Special Report on the impacts of global warming of
1.5°Cabove pre-industrial levels and related global greenhouse gas emission pathways, in the
context of strengthening the global response to the threat of climate change, sustainable
development, and efforts to eradicate poverty [V. Masson-Delmotte, P. Zhai, H. O. Pértner, D.
Roberts, J. Skea, P.R. Shukla, A. Pirani, W.Moufouma-Okia, C. Péan, R. Pidcock, S. Connors, J.
B. R. Matthews, Y. Chen, X. Zhou, M. I. Gomis, E. Lonnoy, T. Maycock, M. Tignor, T. Waterfield
(eds.)]. Intergovernmental Panel on Climate Change.
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf

IPCC (2014): Climate Change 2014: Synthesis Report. Contribution of Working Groups 1, 1l and 111 to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing
Team, R.K. Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp.
https://epic.awi.de/id/eprint/37530/

KUYAH, S. — BULETI, S. — DIMOBE, K. — NKURUNZIZA, L. — MOUSSA, S. — MUTHURI, C. — OBORN, 1.
(2023): Farmer-Managed Natural Regeneration in Africa: Evidence for Climate Change Mitigation
and Adaptation in Drylands. In Agroforestry for Sustainable Intensification of Agriculture in Asia
and Africa (53-88). Singapore: Springer Nature Singapore. https://doi.org/10.1007/978-981-19-
4602-8 3

LEAKEY, R.R. — TIENTCHEU AVANA, M.L. — AwAzI, N.P. - L, A.E. - MABHAUDHI, T. - HENDRE, P.S. —
DEGRANDE, A. — HLAHLA, S. — MANDA, L. (2022): The future of food: Domestication and
commercialization of indigenous food crops in Africa over the third decade (2012-2021).
Sustainability 14(4), p.2355. https://doi.org/10.3390/su14042355

LARCHER, W. (2000): Temperature stress and survival ability of Mediterranean sclerophyllous plants.
Plant Biosystem. 134: 279-295. https://doi.org/10.1080/11263500012331350455

LozANO, Y.M. — AGUILAR-TRIGUEROS, C.A. — OSPINA, J.M. — RILLIG, M.C. (2022): Drought legacy
effects on root morphological traits and plant biomass via soil biota feedback. New
Phytologist 236(1), pp.222-234. https://doi.org/10.1111/nph.18327

MARCHANT, R. (2022): East Africa’s Human Environment Interactions: Historical Perspectives for a
Sustainable Future. Springer Nature, 411 p. https://doi.org/10.1007/978-3-030-88987-6

MEINHOLD, K. — DUMENU, W.K. — DARR, D. (2022): Connecting rural non-timber forest product
collectors to global markets: The case of baobab (Adansonia digitata L.). Forest Policy and
Economics 134, p.102628. https://doi.org/10.1016/j.forpol.2021.102628

MOHAMED, E. T. — ISMAIL, F. M. — HATIM, M. A. E. — BASHIR, A. E. — OSMAN, E. A. — MUNEER, E. S.
E. (2015): Involvement of Gum Arabic Producers' Associations in Promoting Gum Arabic
Production and Marketing in Ennuhud and West Bara Localities, Sudan. International Journal of
Agriculture, Forestry and Fisheries 3 (5): 182-188.
http://www.openscienceonline.com/journal/archive2?journalld=706&paperld=2598

Acta Silv. Lign. Hung. 19 (1), 2023


https://doi.org/10.1016/j.gloplacha.2020.103130
https://pubmed.ncbi.nlm.nih.gov/30743919/
https://doi.org/10.1007/s40333-020-0076-8
http://doktori.uni-sopron.hu/id/eprint/871/1/%C3%89rtekez%C3%A9s.pdf
http://doktori.uni-sopron.hu/id/eprint/871/1/%C3%89rtekez%C3%A9s.pdf
https://doi.org/10.1029/2021EF002591
https://doi.org/10.1007/s11104-021-05054-0
https://doi.org/10.1007/s11104-021-05054-0
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
https://epic.awi.de/id/eprint/37530/
https://doi.org/10.1007/978-981-19-4602-8_3
https://doi.org/10.1007/978-981-19-4602-8_3
https://doi.org/10.3390/su14042355
https://doi.org/10.1080/11263500012331350455
https://doi.org/10.1111/nph.18327
https://doi.org/10.1007/978-3-030-88987-6
https://doi.org/10.1016/j.forpol.2021.102628
http://www.openscienceonline.com/journal/archive2?journalId=706&paperId=2598

Effect of simulated drought and rainfall on growth of two savannah species 49

MOHAMMED, E. (2021): Effects of livestock browsing and illegal harvesting on natural regeneration
and ecology of balanites aegyptiaca in dinder biosphere reserve, Sudan (Doctoral dissertation, NM-
AIST), 140 p. http://dspace.nm-aist.ac.tz/handle/20.500.12479/1540

MOHAMED, S. (2022): Assessing Vulnerability and the Potential for Ecosystem-based Adaptation (EbA)
in Sudan’s Blue Nile Basin (Master dissertation, The Ohio State University). 80 p.
http://rave.ohiolink.edu/etdc/view?acc_num=0sul164157246507125

MSALILWA, U.L. — NDAKIDEMI, P.A. — MAKULE, E.E. — MUNIsHI, L.K. (2020): Demography of baobab
(Adansonia digitata L.) population in different land uses in the semi-arid areas of Tanzania. Global
Ecology and Conservation, 24, p.e01372. https://doi.org/10.1016/j.gecco0.2020.e01372

MULATU, D.W. — AHMED, J. — SEMEREAB, E. — AREGA, T. — YOHANNES, T. — AKWANY, L.O. (2022):
Stakeholders, institutional challenges and the valuation of wetland ecosystem services in South
Sudan: the case of Machar Marshes and Sudd Wetlands. Environmental Management 69(4): 666—
683. https://doi.org/10.1007/s00267-022-01609-8

NAYAK, A. — BHUSHAN, B. (2022): Wetland Ecosystems and Their Relevance to the Environment:
Importance of Wetlands. In Handbook of Research on Monitoring and Evaluating the Ecological
Health of Wetlands, IGI Global (1-16). https://doi.org/10.4018/978-1-7998-9498-8.ch001

NTALI, Y.M. — LYIMO, J.G. — DAKYAGA, F. (20230: Trends, impacts, and local responses to drought
stress in Diamare Division, Northern Cameroon. World Development Sustainability 2 p.100040.
https://doi.org/10.1016/j.wds.2022.100040

ORINA, J. — MUKUNDI, J.B. — ADIMO, A.O. — RIMBERIA, F.K. — OMONDI, M.A. — GEBAUER, J. —
KEHLENBECK, K. (2021): Baobab (Adansonia digitata L.) population structure across different
agro-ecological zones in Coastal and lower Eastern Kenya. Forests, trees and livelihoods 30(1):13—
27. https://doi.org/10.1080/14728028.2020.1852974

PACHEPSKY Y. A. — RAWLS W. J. (2005): Development of Pedotransfer Functions in Soil Hydrology:
ELSEVIER, Dev’t in Soil Science, V 30.m Amsterdam, the Netherlands. 453 p.

PEROCHES A. — BARAL H. — CHESNES M. — LOPEZ-SAMPSON A. — LESCUYER G. (2022): Suitability of
large-scale tree plantation models in Africa, Asia and Latin America for forest restoration
objectives. Bois et Foréts des Tropiques 351: 29-44. https://doi.org/10.19182/bft2022.351.a36870

R Core TEAM (2021). R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. URL https://www.R-project.org/.

RETTA, K.S.—KANU, B. —HASSEN, A. (2022): Farmers Perception, Abundance and Utilization Practices
of Acacia Species and its Pod as Animal Feed in Borana Zone, Mio District, Southern
Ethiopia. Journal of Rangeland Science 12(4): 396 p. https://doi.org/10.30495/RS.2022.685612

REN, Q.—HE, C.—HUANG, Q. —SHI, P.—ZHANG, D. -~ GUNERALP, B. (2022): Impacts of urban expansion
on natural habitats in global drylands. Nature  Sustainability 5(10):  869-878.
https://doi.org/10.1038/s41893-022-00930-8

Roy, P.—PAL, S.C. - CHAKRABORTTY, R. — SAHA, A. — CHOWDHURI, . (2022): A systematic review on
climate change and geo-environmental factors induced land degradation: Processes, policy-practice
gap and its management  strategies. Geological  Journal, 58(9):  3487-3514.
https://doi.org/10.1002/gj.4649

SAEED H. A. M. — ADAM Y. O. — DONKOR E. — MITHOFER D. (2023): Consumers behavior, attitudes,
and beliefs regarding baobab (Adansonia digitata L.) fruit and pulp consumption in Sudan. Front.
Sustain. Food Syst. 7:1118714. https://doi.org/10.3389/fsufs.2023.1118714

SANCHEZ, A.C. (2011): The status of baobab tree populations in southern Malawi: implications for
further  exploitation. Forests, Trees and Livelihoods 20(2-3): 157-173.
https://doi.org/10.1080/14728028.2011.9756704

SCHREINER-MCGRAW, A.P. — VIVONI, E.R. — AJaMmI, H. — SALA, O.E. — THROOP, H.L. — PETERS, D.P.
(2020): Woody Plant encroachment has a larger impact than climate change on Dryland water
budgets. Scientific Reports 10(1), p.8112. https://doi.org/10.1038/s41598-020-65094-x

SCHWEIGER, A.H. - IRL, S.D. — SVENNING, J.C. — HIGGINS, S.I. (2020): Dynamic management needs for
long-lived, sporadically recruiting plant species in human-dominated landscapes. Plants, People,

Planet 2(3): 186-200. https://doi.org/10.1002/ppp3.10096

Acta Silv. Lign. Hung. 19 (1), 2023


http://dspace.nm-aist.ac.tz/handle/20.500.12479/1540
http://rave.ohiolink.edu/etdc/view?acc_num=osu164157246507125
https://doi.org/10.1016/j.gecco.2020.e01372
https://doi.org/10.1007/s00267-022-01609-8
https://doi.org/10.4018/978-1-7998-9498-8.ch001
https://doi.org/10.1016/j.wds.2022.100040
https://doi.org/10.1080/14728028.2020.1852974
https://doi.org/10.19182/bft2022.351.a36870
https://www.r-project.org/
https://doi.org/10.30495/RS.2022.685612
https://doi.org/10.1038/s41893-022-00930-8
https://doi.org/10.1002/gj.4649
https://doi.org/10.3389/fsufs.2023.1118714
https://doi.org/10.1080/14728028.2011.9756704
https://doi.org/10.1038/s41598-020-65094-x
https://doi.org/10.1002/ppp3.10096

50 Elzaki, 1.A.E. et al.

Siddig, Ahmed A. H., Alison Ochs, and Aaron M. Ellison. (2019). "Do Terrestrial Salamanders Indicate
Ecosystem Changes in New England Forests?" Forests 10, no. 2: 154
https://doi.org/10.3390/f10020154

StAvl, I. — XU, C. — ARGAMAN, E. (2023): Climate-smart forestry in the world’s drylands: A review of
challenges and  opportunities. The  Anthropocene  Review, p.20530196231182354.
https://doi.org/10.1177/20530196231182354

SUN, Y.—-SUN, Y.-YAO, S. — AKRAM, M.A. —HU, W.-DONG, L. - LI, H. —WEI, M. - GONG, H. — XIE,
S.—AQEEL, M. (2021): Impact of climate change on plant species richness across drylands in China:
From past to present and into the future. Ecological Indicators 132, p.108288.
https://doi.org/10.1016/j.ecolind.2021.108288

VENTER, S.M. — WITKOWSKI, E.T. (2013): Using a deterministic population model to evaluate
population stability and the effects of fruit harvesting and livestock on baobab (Adansonia digitata
L.) populations in five land-use types. Forest Ecology and Management 303: 113-120.
https://doi.org/10.1016/j.forec0.2013.04.013

VENTER, S.M. (2012): The ecology of baocbabs (Adansonia digitata L.) in relation to sustainable
utilization in northern Venda, South Africa. In the School of Animal, Plant and Environmental
Sciences. University of the Witwatersrand Johannesburg. 200 p.

WANG, L.—JIA0, W.— MACBEAN, N.-RuULLI, M.C.— MANZONI, S.-VIco, G.—D’ODORICO, P. (2022):
Dryland productivity under a changing climate. Nature Climate Change 12(11): 981-994.
https://doi.org/10.1038/s41558-022-01499-y

Wu, D. — SHU, M. — MORAN, E.V. (2023): Heritability of plastic trait changes in drought-exposed
ponderosa pine seedlings. Ecosphere 14(3), p.e4454. https://doi.org/10.1002/ecs2.4454

ZWARTS, L. — BIILSMA, R.G. — VAN DER KAMP, J. (2023): Seasonal shifts in habitat choice of birds in
the Sahel and the importance of ‘refuge trees’ for surviving the dry season. Ardea 111(1): 227-250.
https://doi.org/10.5253/arde.2022.a23

Acta Silv. Lign. Hung. 19 (1), 2023


https://doi.org/10.3390/f10020154
https://doi.org/10.1177/20530196231182354
https://doi.org/10.1016/j.ecolind.2021.108288
https://doi.org/10.1016/j.foreco.2013.04.013
https://doi.org/10.1038/s41558-022-01499-y
https://doi.org/10.1002/ecs2.4454
https://doi.org/10.5253/arde.2022.a23



