
Vol.:(0123456789)

 Discover Sustainability           (2025) 6:733  | https://doi.org/10.1007/s43621-025-01236-3

Discover Sustainability

Research

Woody plant secondary succession along the gradients of fallow 
periods in traditional shifting cultivation system of Quara District, 
Northwestern Ethiopia

Dereje Gasheye1 · Demelash Alem1 · Asmamaw Alemu2

Received: 8 October 2024 / Accepted: 28 April 2025

© The Author(s) 2025    OPEN

Abstract
Traditional shifting cultivation is a common land management practice widely used in the northwest lowlands of Ethiopia 
in general and in Quara district in particular. It is considered as an important factor in determining the woody plant 
diversity, composition and structure in the area. Particularly, no studies have been conducted to examine the resilience 
capacity of woody plant species after shifting cultivation along the fallow period gradients and compare with the old-
age natural forest adjacent to the fallow lands. This study was conducted at Bambaho, Gelegu and Chercher sites in 
Quara district to examine the diversity, structure and regeneration status of woody plant in secondary forest under 
traditional shifting cultivation system. A total of 57 quadrats (20 × 20 m2) were laid out randomly along different fallow 
period gradients of 2–4 years, 5–7 years, 8–10 years, 11–13 years 14–16 years and 17–20 years. Major quadrats were 
made in to four, each 100 m2 (10 × 10 m) subplots for the regeneration assessment (sapling and seedling counting). 
From each fallow period, 12% sampling intensity was taken per hectare. Vegetation parameters were measured and 
compared along the fallow period gradients and the adjacent old-growth natural forest using multivariate analysis. The 
highest similarity coefficient was observed between four and six fallow periods whereas the least similarity coefficient 
was observed between 2 and 4 years fallow period and old-age natural forest. No statistically significant difference was 
observed in Shannon’s diversity index (p = 0.08), wood plant regeneration status (p = 0.94) and species evenness (p = 0.89) 
among the fallow period gradients and old-age natural forest, while species richness (p = 0.004), tree density (p = 0.001) 
and basal area (p = 0.0000) showed significant difference among the fallow period gradients and old-age natural forest. 
Overall this study showed that secondary woody plant succession after traditional shifting cultivation has resilience 
potentials in the district.
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1  Introduction

Ethiopia is an agrarian country whereby the majority of the population is living in rural areas. Natural resources like land, 
water, and forests are important resources for economic development, food security and other basic necessities in the country 
[1]. The country has diverse plant and animal resources [2]. Numerous factors such as forest removal for fuel, charcoal and 
construction wood, expansion of farmland at the expense of forests, and urbanization caused loss of forest resources in the 
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country [3–6] which in turn resulted in loss of biological resources [7] This problem is exacerbated by high human and animal 
pressure [8]. Long history of settlement and agricultural expansion in the country [9] resulted in high deforestation and forest 
degradation [10] and caused imbalance between demand and supply for wood products in the country [11].

In Africa, especially in tropical countries including Ethiopia, millions of farmers practice shifting cultivation for their 
subsistence [12]. For the soil fertility improvement, proper fallow period is mandatory in shifting cultivation practice. This is 
not only for crop productivity enhancement but also for the forest regeneration and recruitment, otherwise if those countries 
use improper shifting cultivation practices with improper fallow periods, the soil fertility will decline. Broadly speaking, the 
term refers to any temporal and spatially cyclical agricultural system that involves clearing of land usually with the assistance 
of fire followed by phases of cultivation and fallow periods [13]. Despite the fact that the practice is widely used, it is blamed 
for causing deforestation and keeping farmers in poverty [12].

Teegalapalli et al. [14] estimated that globally over 300 million people (about 5 percent of the world’s population) practice 
shifting cultivation on more than 400 million hectares, accounting for 30% of the global land [15]. In Southeast Asia, shifting 
cultivation system is a major factor for forest cover loss and deforestation [14]. However, shifting cultivation has been 
considered as the primary cause for forest deforestation and degradation even though it supports around 14–34 million 
people in the region [16].

Worldwide there are many kinds of drivers for the cause of deforestation but since 1991, shifting cultivation (SC) is 
considered as a major driver and accounts for 61% of the overall tropical forest destruction [17]. Nevertheless, the practice 
has been used for a long period of time with close to 300 to 500 million people worldwide. The practice is only subsistence 
and also intricately linked to cultural, ecological, and economic aspects of communities [18]. High population number of an 
area is demanding huge cultivated land in order to satisfy the need of the population which causing for short fallow period 
time in shifting cultivation practice [18]. Even though, shifting cultivation is practiced throughout the tropics it is dominantly 
used as a subsistence not for income diversification. On the other hand in the tropics shifting cultivation covers more than 
600 million hectares of lands and it plays a crucial role for biodiversity conservation [17]. For ecological sustainability and 
vegetation succession needs best conservation practice and sustainable management strategy [19].

The vegetation cover of a given area has a definite structure and composition, which is developed because of the long-term 
interaction between biotic and abiotic factors [1]. The climatic zones like, soil types, latitude and the landscape feature of the 
area directly affect the distribution and vertical and horizontal composition of the vegetation [1]. Disturbances (natural or 
anthropogenic) changed the plant community structure in the forest ecosystem region [20]. The plant species composition 
distribution patterns are crucial to understanding the biodiversity status for the formulation of best conservation strategy in 
order to sustain the forest resources to the next generation [20]. In many tropical countries especially in Ethiopia, appropriate 
fallowing system is a prerequisite for maintaining long-term biodiversity conservation and ecosystem function as well as 
plant-available nutrient pools and crop yields [21]. However, the countries rich in biodiversity the country is experienced 
by shifting cultivation and this practice resulted for devastate rate of the forest degradation [22–24]. In tropical countries 
optimization of the fallowing period in shifting cultivation practice is very important for the forest resource sustainability 
and proper land use practice [25]. Despite shifting cultivation was identified long time ago as a threat to tropical forests, to 
date there is limited information to show its impact on forest structure, composition and cover change. This study aimed 
to provide a better understanding about the secondary woody plant structure, composition, the diversity of woody plant 
species and regeneration status of the woody plant species along the fallow period gradients in comparison to old-growth 
natural forest in traditional shifting cultivation system of Quara district, Northwest lowlands of Ethiopia.

2 � Materials and methods

2.1 � Study site description

The study was conducted in Quara district (Fig. 1), located in North West low land Ethiopia in West Gondar zone, 
covering a total area of 858,588 ha. It is found 1049 km away from Addis Ababa in north direction. Geographically, 
the district is located between 02° 39′ 47″–11° 46′ 54″N and 35° 15′ 28″–36° 29′ 59″E. The area is endowed with large 
coverage of woody plant vegetation and high plant diversity [26]. The altitude of the district ranges from 550 to 2010 
m above sea level [26].

According to Quara agricultural office [26], the study area is generally characterized by undulated topography 
and consists of mountains, deep gorges, escarpments, and plateaus. The mean annual rainfall and temperature of 
the study area is 400–1200 mm and 25–42 °C, respectively. Rain starts in the beginning of May and extends to first 
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week of October. The agro-climatic zones of the district are Kola and Woynadega covering about 70% and 30% of 
the total area of the district, respectively.

The district has 28 Kebeles with a total population of 137,476 [26]. Sesame, sorghum and cotton are the major 
crops grown in Kolla agro-climatic zones whereas finger millet, teff, bean and other crops are common in Woyna Dega 
agro-climatic zones of the district. About 98% of the area coverage of Kola agro-climatic zone of the district is covered 
by vertisol and sandy loam soils whereas Woyna Dega is characterized by silt-loam soil [26]. Shifting cultivation is 
a common practice in the district. The major land use type in Kola agro-climatic zone of the district is agricultural 
land. Many investors are involved in the production agricultural crops such as sesame, sorghum and cotton [26].

Agricultural crop production and livestock is the main livelihood for about 98% of the population and the 
remaining are engaged in trade, gum and resin collection [26].

2.2 � Site selection and data collection

Quara district was selected purposively because of the presence of shifting cultivation. Then reconnaissance survey 
was carried out to identify specific sites for the current study where there is traditional shifting cultivation with 
different fallow periods included in the study (the six fallow periods and intact natural forests). Accordingly, Chercher, 
Gelegu and Bambaho sites were selected and used as blocks.

The selected sites were then grouped into seven categories based on fallow age: 2–4 year, 5–7 year, 8–10 year, 
11–13 year, 14–16 year, 17–20 year and intact natural forest. A randomized complete block design with four replication 
was used. The seven fallow periods were used as treatments [16]. From each fallow period in each site, 12% sampling- 
intensity (1200 m2 per hectare) was used. After determining the number of plots in each site, the plots in each fallow 
period per site were selected randomly using grids. Three plots were used from each treatment in each site.

In each sample plot, vegetation data (count, height and DBH) and the composition, structure and regeneration status 
of woody plant species were determined and compared among the different fallow periods and intact natural forests. A 
plot size of 20 m × 20 m (400 m2) was used to collect tree data. Within the bigger plots, five smaller plots with a dimension 
of 100 m2 (10 m × 10 m), one at the center and one at four corners, were laid out to collect data on the regeneration status 
of the woody plants and density of seedling and sapling. In each quadrat, the number of seedlings of each species with a 
height of less than 1 m were counted [1, 16, 27, 28]. Individuals plants with a height of at least 1 m and DBH of less than 
2.5 cm were considered as sapling and counted [1].

Life form of a species was clustered as trees (DBH > 2.5 cm and height of > 2.5 m), sapling (DBH < 2.5 cm and height 
of 1 m < h < 2 m) and seedling and herbs (DBH < 2.5 cm and height of < 1 m) at each quadrates [29, 30].

Fig. 1   Map of the study area
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If not already known to the authors, the species were identified by their local name in Amharic (given by key informant), 
collected, and taxonomically identified. The scientific names and authors of the species followed the checklist of Ethiopian 
vascular plants [31].

2.2.1 � Vegetation data collection

The number of all individuals of each tree and shrub species in each plots were recorded. In addition, height and diameter 
at Breast Height (DBH) data were recorded for all individuals of the woody plant species with DBH greater than or equal to 
2.5 cm. Trees and shrubs with DBH less than 2.5 cm (saplings) and less than 1 m in height (seedlings) were only counted. 
Height of trees and shrubs was measured using Silva hypsometer (type 65, made in Sweden).

2.3 � Data analysis

2.3.1 � Density, forest structure, and diversity indices

Density, which refers to the total number of stems of trees, sapling and seedling of woody plants ha−1, was calculated by 
summing up all the woody plant species across all sample plots of treatments (abundance) and translated per hectare 
bases for all woody plant species encountered in plots. Species diversity was calculated in terms of species richness (S), 
Shannon–Wiener’s diversity index (H) and species evenness index (J) as follows [32]:

where H′ = Shannon diversity index; S = the number of species; pi = the proportion of individuals or the abundance of 
the ith species expressed as a proportion of total cover; ln = natural logarithm.

The minimum value of H′ is 0, which is the value for a community with a single species, and increase as species richness 
and evenness increases.

Evenness was measured as the relative abundance of the different woody plant species making up the richness. 
Evenness (Equitability) was measured as the relative abundance of the different species the richness of an area and when 
compared the similarity of the population size of each of the species present. The species evenness was measured as 
the equity of species and its values ranges 0 to 1, where 0 indicates the abundance of few species and 1 indicates the 
condition where all species are equally abundant.

Shannon’s equitability (J) or Evenness is calculated as follows [33]:

where, J = Evenness, H′ = Shannon–Wiener diversity index and H′max = ln S, where S is the number of species.
Sorensen’s similarity index was selected to evaluate woody species composition on different fallowing period 

gradients. The woody plant species composition was described using the following formula[33]:

where Ss = Sorensen’s similarity coefficient; a = Number of species common to both samples; b = Number of species in 
sample 1; c = Number of species in sample 2.

2.3.2 � Woody plant structural and Importance Value Index (IVI) analysis

The structure of the vegetation was described using frequency distribution DBH and height [30]. Moreover, important value 
index (IVI) was computed to identify key ecological species along the fallow period gradients. Tree or shrub density was 
computed based on the number of adult woody plants (DBH ≥ 2.5 cm) and basal area values were computed on hectare 
basis. Importance value indices (IVI) was computed to know the dominant woody species based on their relative density 
(RD), relative dominance (RDO) and relative frequency (RF) to determine their dominance, as follows:

�
� ∶= −

s
∑

i=1

pilnpi

J = H/Hmax = H/lnS

Ss =
2a

(2a + b + c)
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where Dominance is average basal area per Tree times the number of Tree species (DBH ≥ 2.5 cm) (Maria et al., 2007). 
Frequency is defined as the probability or chance of finding a woody plant species in a given sample area or quadrat. It 
is calculated with the formulae [33].:

2.3.3 � Basal area

It is the cross-sectional area of all of the stems in a stand with a DBH of ≥ 2.5 cm. The Basal area is used to explain the 
crowdedness of a stand and can be computed using the formula:

where, π = 3.14; d = DBH (m) following the procedure used by [1, 16, 27, 28].
Field data were checked for accuracy and coded in excel. Comparison of different parameters among fallow periods was 

done using one way ANOVA in R version 4.0.3 [34].
Combinations of analytical procedures were applied for analysis of the collected data. The woody plant density, diversity, 

and structure data were calculated using Microsoft Excel. Plant diversity analysis was done using Shannon and Wiener index 
of species diversity [30]. All diversity measures were calculated using the BiodiversityR package [35] in R [34]. Two-way ANOVA 
was performed (a = 0.05) using R [34] and Tukey HSD was used to determine significant differences in species diversity, 
richness, evenness, abundance, density, stem number, and basal area among study sites and seven treatments.

3 � Results and discussion

3.1 � Species characteristics and composition

A total of 27 woody plant species belonging to 14 families were recorded and identified from the study sites (Table 1). 
Of the woody plant families, Fabaceae and Combretaceae were the most dominant families each represented by 7 
and 6 species, respectively. Whereas, Ebenaceae and Rhamnaceae represented only two species each and contributed 
only about 7.4% of the total number of woody plant species. Each of the remaining families were represented by 
a single species and together contributed only 3.7% of the total number of woody plant species in the study area. 
Similarly, Kacholi [36] and Teshager et al. [37] found Fabaceae family as the most dominant species in wood land 
vegetation. Ganamé et al. [38] also reported 69 woody species composed of 24 families in Burkina Faso vegetation, 
whereby Combretaceae and Fabaceea represented about 57.22% and 18.01%, respectively, of the total wood species.

(1)Frequency =
Number of plots in which species A occures

Total number of plots
× 100

(2)Relative frequency =
Frequency of species A

Total frequency of all species
× 100

(3)Relative Density =
Number of individuals of tree species A

Total Number of individuals
× 100

(4)Relative dominance =
Dominance of species A

Total dominance of all species
× 100

Importance value index combines data for three parameters

(relative frequency, relative density and relative abundance).

IVI = Relative Density (abundance) + Relative Dominance (basal area) + Relative Frequency

BA =
π d2

4
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Kacholi [39] also reported a total of 11 families, Fabaceae being dominant with 9 species followed by Combretaceae 
with 3 species. In addition, 63 species out of the total of 123 species from Ethiopia, 63 species represent Combretaceae 
followed by Fabaceae with 8 species [40].

3.2 � Woody plant species similarity along the successional stages

We found significant difference in the distribution of woody plant species among treatments with a similarity 
coefficient ranging from 25.6 to 58.7.

Old age natural forest showed the same similarity coefficient (31.1%) compared with 2–4 year and 17–20 year 
fallow periods. The highest similarity coefficient (58.7) was recorded between 2–4 year and 8–10 year old fallow 
periods (Table 2). According to Dinkissa [27] and Fekadu [1], the highest similarity coefficient between different 
plant communities is attributed to similarity in slope, aspect, similar adaptation mechanisms of the species, the 
anthropogenic and other environmental factors such as soil type and properties. Similarly, the highest similarity 
coefficient between fallow period one and three (58.7%) in our study could be attributed to their similarity in natural 
and anthropogenic disturbance level, topographic and soil factors. whereas the least similarity coefficient between 
fallow period two and old-age natural forest (25.6%) could be due to the different disturbance levels such as fire, 
logging, grazing and differences in slope, soil and others.

3.3 � Important Index Value (IVI)

The highest IVI was contributed by A. plyacantha (176.99) and A. seyal (169.39) along all fallow period gradients. While 
least important index value (IVI) was recorded by A. seyal (36.39) and A. polyacantha (20.37) on the adjacent old age 
natural forest in the study area (Table 3). This could indicate that species with higher IVI in the secondary successional 

Table 1   Number of woody 
plant species under each 
family and their percentage in 
Quara district

Family Number of species %

Fabaceae 7 25
Combretaceae 6 22
Rhamnaceae 2 7.4
Ebenaceae 2 7.4
Balaniteceae 1 3.7
Dombaceae 1 3.7
Burseraceae 1 3.7
Olacaeae 1 3.7
Rubiaceae 1 3.7
Bignoniaceae 1 3.7
Logniaceae 1 3.7
Anacardiaceae 1 3.7
Celastraceae 1 3.7
Strculiaceae 1 3.7

Table 2   Sorenson’s similarity 
coefficient along the fallow 
period gradients and old age 
natural forest

Secondary vegetation 2–4 Year 5–7 Year 8–10 Year 11–13 Year 14–16 Year 17–20 Year Old-age NF

2–4 year 1
5–7 year 38.5 1
8–10 year 58.7 41.4 1
11–13 year 40.0 42.4 42.1 1
14–16 year 44.4 40.0 43.2 41.0 1
17–20 year 43.8 42.9 45.7 46.2 44.4 1
Old-growth NF 31.1 25.6 30.4 34.6 37.7 31.1 1
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vegetation are early colonizers. During the data collection time of this study all fallow period lands were dominated by 
the two species types.

Dinkissa [27] stated that species with highest IVI are well adapted to high-pressure disturbance, natural and 
environmental factors, and the effect of local communities. The IVI are used to understand the ecological significance 
of the tree species in community structure [41]. Woody species with a high IVI is considered more important than those 
with low IVI. This is likely due to their wider economic role [42]. Species with the highest importance value index are 
relatively dominant in vegetation [43]. The highest IVI of A. seyal and A. polyacantha species in fallow lands than in old 
age natural forest could be attributed to their ability to resist disturbances.

The results showed that the majority of land in the study area have been under shifting cultivation. The dominant 
species in the early successional stages of the fallow period are A. polyacantha and A. seyal. These species were the most 
dominant in all the fallow period gradients except in old-age natural forests where they were the least dominant species, 
implying that these species require open space to regenerate. The most dominant species in old-age natural forest was 
A. leiocarpaus followed by A. brevispica, C. adenogonium and S. kunthianum.

Fekadu [1] stated that analysis of important value index (IVI) is very important to set conservation priority for a certain 
species. Our study showed that D. melanoxylon, L. fruticosa, C. abyssinica, A. leiocarpa, C. adenogonium, S.kunthianum and 
B.aegyptiaca need conservation priority along the fallow period gradients and old age natural forest due to their least 
importance value index compared with other woody plant species. Pterocarpus lucens is an indicator species for the old 
age natural forest.

3.4 � Regeneration status of the woody plant species

The highest numbers of trees, saplings and seedlings per ha were recorded in the early fallow periods and the least was 
recorded in old-age natural forests. The number of saplings was nearly similar across the fallow period gradients, though, 
numerically the lowest value was recorded in 5–7 years fallow periods (Fig. 2).

From the total 27 woody plant species recorded in our study, T. brownii, T. indica, P. lucens, C. molle, S. setigera, C. 
adenogonium, P.thonningii, C. collinum and B. papyrifera were not represented by sapling and seedling.

Fekadu [1] and Abunie [44] mentioned the composition, distribution and abundance of saplings, seedlings and adult 
trees as indicators of regeneration status of any woody plant species. Similarly, we found that the composition of woody 
plant species corresponded with the length of the fallow period except in old age natural forests whereby the total of 
woody plant species were not represented by sapling and seedling stages. B. papyrifera, T. indica, T. brownii, P. lucens, C. 
molle, C. collinum, X. americana, M. undata, and S. setigera were found only in old age natural forests. For these species 
no seedlings were recorded but less number of seedlings. This could be attributed to overexploitation, grazing and 
browsing, seed predation and dormancy period, firing, seed producing efficiency of the mother trees, and poor site 
quality indicating the need for protection of these tree species [45].

S. innocua, Z. abyssinicus, L. fruticosa, D. abyssinica, D.melanoxylon, and G.volkensii were represented by very few 
numbers of sapling and seedling whereas A.seyal, A.polyacantha, A. brevispica, T. laxiflora, A.leiocarpus, S. kunthianum, Z. 
mucronata, B. aegyptiaca, and C. abyssinica had high number of seedlings and sapling. The composition of saplings and 
seedlings showed statistically significant difference among the treatments. However, the regeneration status showed 
no statistically significant difference among the treatments (p > 0.9648) the proportion of saplings and seedlings did not 
also showed significant difference among the treatments (p = 0.94284) (Table 4).

There was high variation in the number of seedlings and sapling among the fallow periods, though, the pattern 
was not consistent (Fig. 2). This lack of clear pattern in the number of seedlings and saplings among the treatments 
could be due to high human and animal disturbance (Fig. 3).

3.5 � Species diversity, richness and evenness of the woody plant species

3.5.1 � Species diversity

The Shannon diversity Index of woody plant species in fallow period two (5–7 year), fallow period four (11–13 year) 
and old-age natural forest were 1.211, 1.704, and 2.04, respectively. The same magnitude of diversity values were 
recorded (1.68) on fallow period one (2–4 year), fallow period three (8–10 year), fallow period five (14–16 year) and 
fallow period seven (17–20 year). In general, the diversity was relatively high in all fallow periods and in old natural 
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Table 3   Relative density, 
Relative frequency, Relative 
dominance, and Important 
Value Index of woody plant 
species across the fallow 
period gradients in shifting 
cultivations system of Quara 
district, Northwestern 
Ethiopia

Treatment Species name RD RF RDO IVI

2–4 Year Acacia polyacantha Willd 32.0 100 49.96 181.93
Acacia seyal Del 32.0 85.7 43.02 160.71
Terminalia laxiflora Engl. & Diels 13.7 71.4 0.42 85.58
Acacia brevispica.Harms 15.2 57.1 – 72.38
Stereospermum kunthianum Cham 0.4 28.6 0.29 29.29
Ziziphus mucronata Willd 1.9 14.3 4.47 20.68
Combretum adenogonium Steud.ex A. Rich 1.1 14.3 1.52 16.87
Anogeissus leiocarpus (A.Rich)Guil l& perr 2.4 14.3 – 16.65
Strychnos innocua Del 1.3 14.3 0.33 15.90

5–7 Year Acacia seyal Del 48.3 100.0 44.20 192.46
Acacia polyacantha Willd 30.6 100.0 53.59 184.21
Acacia brevispica.Harms 16.5 62.5 1.39 80.36
Ziziphus mucronata Willd 1.9 25 0.56 27.5
Terminalia laxiflora Engl. & Diels 1.6 25 0.25 26.80
Balanites aegyptiaca (L.) Del 0.4 25 – 25.39
Clutia abyssinica Jaub. & Spach 0.8 12.5 – 13.28

8–10 years Acacia polyacantha Willd 33.9 100.0 57.21 191.33
Acacia seyal Del 30.0 100.0 36.52 166.50
Ziziphus mucronata Willd 10.7 75 3.93 89.65
Acacia brevispica. Harms 17.5 50 0.17 67.67
Terminalia laxiflora Engl. & Diels 5.7 50 0.49 56.18
Stereospermum kunthianum Cham 1.3 37.5 0.25 39.06
Ziziphus abyssinicus 0.7 25 0.88 26.53
Balanites aegyptiaca (L.) Del 0.4 12.5 0.31 13.25
Piliostigma thonningii (Schumach.) Milne-Redth 0.2 12.50 0.25 12.97
Dalbergia melanoxylon Guill. & Perr 0.2 12.5 – 12.72

11–13 years Acacia polyacantha Willd 36.1 100.0 42.62 178.74
Acacia seyal Del 31.9 66.7 56.76 149.37
Acacia brevispica. Harms 9.5 44.4 0.20 54.1
Ziziphus mucronata Willd 2.9 44.4 3.17 50.48
Terminalia laxiflora Engl. & Diels 2.9 44.4 0.74 48.05
Stereospermum kunthianum Cham 4.2 22.2 0.20 26.6
Balanites aegyptiaca (L.) Del 0.9 22.2 0.24 23.3
Diospyros abyssinica (Hiem) F.White 7.9 11.1 1.43 20.5
Lannea fruticosa (Hochst. ex A. Rich) Engl 0.9 11.1 0.61 12.60
Clutia abyssinica Jaub. & Spach 1.3 11.1 0.02 12.5
Anogeissus leiocarpus (A.Rich) Guill & perr 1.3 11.1 – 12.43
Dalbergia melanoxylon Guill. & Perr 0.2 11.1 – 11.33

14–16 years Acacia seyal Del 29.6 100.0 53.96 183.61
Acacia polyacantha Willd 29.2 100.0 41.30 170.52
Acacia brevispica. Harms 20.9 60.0 0.63 81.51
Terminalia laxiflora Engl. & Diels 3.8 60.0 0.14 63.90
Ziziphus mucronata Willd 9.0 50.0 2.64 61.62
Anogeissus leiocarpus (A.Rich) Guill&perr 3.1 40.0 0.18 43.31
Ziziphus abyssinicus Hochst.ex A.Rich 0.4 20.0 0.20 20.62
Clutia abyssinica Jaub. & Spach 2.7 10.0 – 12.71
Combretum adenogonium Steud.ex A. Rich 0.4 10.0 0.61 11.03
Dalbergia melanoxylon Guill. & Perr 0.6 10.0 0.12 10.75
Stereospermum kuntbianum Cham 0.2 10.0 0.21 10.42

17–20 Yrs Acacia seyal Del 21.9 77.8 64.00 163.69
Acacia polyacantha Willd 22.6 100.0 32.57 155.18



Vol.:(0123456789)

Discover Sustainability           (2025) 6:733  | https://doi.org/10.1007/s43621-025-01236-3 
	 Research

Table 3   (continued) Treatment Species name RD RF RDO IVI

Ziziphus mucronata Willd 22.8 77.8 1.16 101.78
Terminalia laxiflora Engl. & Diels 8.6 66.7 0.98 76.27
Acacia brevispica.Harms 21.2 44.4 0.72 66.38
Dalbergia melanoxylon Guill. & Perr 0.7 22.2 – 22.92
Anogeissus leiocarpus (A.Rich) Guill&perr 1.2 11.1 0.12 12.40
Stereospermum kunthianum Cham 0.5 11.1 0.44 12.02
Balanites aegyptiaca (L.) Del 0.5 11.1 – 11.58

Old -age NF Anogeissus leiocarpus (A.Rich) Guill&perr 11.5 100.0 52.68 164.19
Acacia brevispica.Harms 44.2 83.3 0.66 128.23
Combretum adenogonium Steud.ex A. Rich 4.7 66.7 0.62 71.96
Stereospermum kunthianum Cham 3.6 66.7 0.72 70.98
Pterocarpus lucens Guill. & perr 3.2 66.7 0.12 70.03
Terminalia laxiflora Engl. & Diels 10.4 50.0 0.97 61.40
Ximenia americana L 9.0 33.3 1.08 43.40
Combretum molle R.Br. ex G.Don 1.1 33.3 7.12 41.53
Sterculia setigera Del 1.4 33.3 4.65 39.42
Acacia seyal Del 1.8 33.3 1.26 36.39
Boswellia papyrifera Hochst. ex A. Rich 1.1 33.3 0.16 34.57
Combretum collinum Fresen 0.4 16.7 13.83 30.86
Tamarindus indica L.L 1.1 16.7 12.81 30.56
Acacia polyacantha Willd 1.4 16.7 2.26 20.37
Gardenia volkensii K. Schum 1.4 16.7 – 18.1
Terminalia brownie Fresen 0.4 16.7 1.04 18.07
Diospyros abyssinica (Hiem) F. White 1.1 16.7 – 17.7
Dalbergia melanoxylon Guill. & Perr 0.7 16.7 – 17.4
Maytenus undata (Thunb.) Black lock 0.4 16.7 0.03 17.05
Clutia abyssinica Jaub. & Spach 0.4 16.7 – 17.0
Ziziphus abyssinicus Hochst. ex A. Rich 0.4 16.7 – 17.0
Adansonia digitata L 0.4 16.7 – 17.0

RD relative density, RF relative frequency, RDO relative dominance, IVI Importance Value Index

Fig. 2   Number of trees, 
saplings and seedlings 
per ha across the different 
fallow periods in a shifting 
cultivation system of the 
Quara district, Northwestern 
Ethiopia

Table 4   Analysis of variance 
for woody plant regeneration 
along the gradients of fallow 
periods

Source of variation df Sum sq Mean sq F value Pr (> F)

Site 2 10,368.0 5184.0 3.8793 0.05018
Fallow period 6 2127.1 354.5 0.2653 0.94284
Residuals 12 16,036.0 1336.3
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forests (Table 5). According to Kent [30], the Shannon–Wiener diversity indices usually range from 1.5 to 3.5 and 
seldom exceed 4.5. The recorded Shannon–Wiener index (1.2–2.0) in our study lies within the range of the tropical 
forest. Other studies also indicate that the normalized general index of diversity ranges from 0 to 1. The value of the 
index tends to 1 when the land cover types present have roughly equal proportion or a high number of cover/use 
types actually being present. A low value means that the landscape is dominated by one land cover type. In other 
words, the landscape has less diversity [46].

3.5.2 � Species richness

Species richness across the fallow periods ranges from 7 to 12. Statistically significant difference was observed in species 
richness among the treatments. The highest species richness (22) was recorded in old-age natural forest. The difference in 
species richness among the treatments could be attributed to the dominance of A. polyacantha. During data collection, 
we observed less number of species in plots where A. polyacantha was dominant. The high canopy coverage and shade 
of this species might have hindered the regeneration and growth of shade intolerant species (Table 6).

Fig. 3   Number of sapling population count along the fallow period gradients

Table 5   ANOVA of for woody plant diversity on the fallow period gradients

Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’.

Site 2 0.17554 0.087769 1.5837 0.24526

df Sum sq Mean Sq F value Pr(> F)

Site 2 0.17554 0.087769 1.5837 0.24526
Vegetation type (Fallow age) 6 0.83848 0.139747 2.5216 0.08146
Residual 12 0.66505 0.055420
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3.5.3 � Species evenness

Species evenness ranged from 0.622 to 0.766 across the fallow period gradients indicating the woody plant secondary 
successions were evenly distributed in the area. No statistically significant difference was observed along the fallow 
period gradients and adjacent old age natural forest in the study area (Table 7).

The highest species diversity was observed in the old-age natural forest (2.04) followed by fallow period four (11–13 
year) (1.70), five (14–16 year) (1.68), six (17–20 year) (1.68), one (2–4 year) (1.58), three (8–11 year) (1.57) and fallow period 
two (5–7 year) (1.21), respectively. Unlike our results, Delang et al. [47] and Gonçalves et al. [48] found increasing species 
diversity with increasing fallowing period. The Shannon diversity indices were nearly equal (1.7) for the fallow periods 
4, 5, and 6. Similarly, almost equal magnitude was obtained from fallow period four (11–14 year) (1.7), five (14–16 year) 
(1.68) and three (8–10 year) (1.68), respectively followed by fallow period six and one and the least richness was observed 
on fallow period two. No stastically significance difference was observed among the fallow period gradients and old age 
natural forest and nearly equal magnitude diversity value was recorded.

The possible reason for the fluctuation of woody plant species diversity and richness along the fallow period gradients 
due to Acacia polyacantha dominated land makes insufficient accesses for light and nutrient for light demanding species 
on this land and might be there was different disturbance level on different fallow periods like over exploitation, over 
grazing, frequent fire occurrence etc. [45]. Although the species diversity and evenness along the fallow period gradients 
and old-age natural forest were different figuratively there was not statistically significant difference among them.

In contrast to our result, Klanderud et al. [49] reported increasing woody plant species richness with increasing fallow 
period. We found statistically significant difference in species richness between fallow period one (2–4 years) and old-
age natural forest (p = 0.005), fallow period two (5–7 years) and old-age natural forest (p = 0.003), fallow period three 
(8–10 years) and old-age natural forest (p = 0.018), fallow period six (17–20 years) and old-age natural forest (p = 0.0121). 
We could not find statistically significant difference in woody species richness between fallow period five and old-age 
natural forest.

We found no statistically significant difference (at p = 0.88) in species evenness among the fallow periods, which is 
similar with Sharif [16]. However, unlike our finding Sharif reported significant difference in species diversity between 
fallow periods and old-age natural forest.

We found no significant difference in the woody plant diversity among the treatments, except between fallow period 
two and old-age natural forest (p = 0.0307) (Table 8).

A diversity index (H’) value equal to zero (0) indicates the occurrence of a single species in the area whereas higher H’ 
values indicate higher species richness and evenness. Species evenness approaching zero value indicates the dominance 
of a few species and a value of 1 implies all species encountered are found with nearly equal abundance. Species evenness 
value ranges from 0.6612 to 0.7659 (Table 8).

3.5.3.1  Vegetation structure  3.5.3.2  Density, frequency and dominance of the woody plant species  The overall analysis of 
relative density, relative frequency and importance value index for woody plant species along fallow periods (Table 9). 
Based on their importance value index A. seyal and A. polyacantha were highly dominant in all fallow periods while A. 
brevispica s was dominant in fallow period one, two, four and five. T. laxiflora was the third dominant on fallow period one 
only. Z. mucronata was the third dominant species on fallow period three and six next to the two most dominant species 

Table 6   ANOVA of woody 
plant species richness along 
the fallow periods in Quara 
district

Source of variation df Sum sq Mean sq F value Pr(> F)

Site 2 0.857 0.4286 0.1687 0.846690
Fallow period 6 90.667 15.1111 5.9500 0.004374**
Residual 12 30.476 2.5397

Table 7   ANOVA for woody 
plant species evenness 
among fallow periods:

Source of variation df Sum sq Mean sq F value Pr(> F)

Site 2 0.049982 0.0249910 1.6611 0.2308
Fallow period 6 0.032726 0.0054543 0.3625 0.8889
Residual 12 0.180534 0.0150445
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of A. seyal and A. polyacantha whereas in old-age natural forest the first dominant species was A. leiocarpa, followed by 
A. brevispica, C. adenogonium, S. kunthianum and P. lucens.

The value of relative density, relative frequency, relative dominance and Important Value index have implication 
on the management of the forest resource. In this regard, Abunie [44] stated that non-dominant woody species along 
fallow period gradient might be selectively over exploited, and have low potential for light and food competition and 
low frequency and regeneration status [44].

3.5.3.3  Stem density  Our study revealed decreasing relative dominance of woody plant species with increasing 
age of secondary succession. This could be due to the self-thinning, increasing crown diameter, and decreasing 
underground vegetation [50].The number of stems per hectare showed difference among the different fallow 
periods, but not among sites (Table 4). 2–4 years and 17–20 years (p = 0.0148), 2–4 years and old-age natural forest 
(p = 0.0192), 5–7 years and 11–13 years (p = 0.0439), 5–7 years and 14–16 years (p = 0.0138), 5–7 years and 17–20 
years (p = 0.0039), 5–7 years and old-age natural forest (p = 0.0050) (Table 4). The difference in the number of stems 

Table 8   Shannon Diversity 
Index for woody plant species 
along the fallow periods

Fallow period in years Species richness Diversity Index (H′) Evenness

2–4 9 1.5812 0.7196
5–7 7 1.2113 0.6224
8–10 10 1.5722 0.6828
11–13 12 1.7041 0.6858
14–16 11 1.6835 0.7021
17–20 9 1.6830 0.7659
Old-age 22 2.0437 0.6612

Table 9   Relative density, 
relative frequency and relative 
dominance, and IVI of woody 
plant species along the fallow 
periods

Fallow period in 
years

Species name RD RF RDO IVI

2–4 A. polyacantha 32.2 100 49.96 181.93
A.seyal 32.0 85.7 43.02 160.71
T. laxiflora 13.7 71.4 0.42 85.58
A. brevispica 15.2 57.1 – 72.38

5–7 A. seyal 48.3 100 44.2 192.49
A. polyacantha 30.6 100 53.59 184.21
A. brevispica 16.5 62.5 1.39 80.36

8–10 A. polyacantha 33.9 100 57.21 191.13
A. seyal 30.0 100 36.52 166.5
Z. mucronata 10.7 75 3.93 89.65

11–13 A. polyacantha 36.1 100 42.62 178.74
A. seyal 31.9 66.7 50.76 149.37
A. brevispica 9.5 44.4 0.20 54.1

14–16 A. seyal 29.6 100 53.96 183.61
A. polyacantha 29.2 100 41.3 170.52
A. brevispica 20.9 60.0 0.63 81.51

17–20 A. seyal 21.9 77.8 64.00 163.69
A. polyacantha 22.6 100 32.57 155.18
Z. mucronata 22.8 77.8 1.16 101.78

Old-age A. leiocarpus 11.5 100 52.68 164.19
A. brevispica 44.2 83.3 0.66 128.23
C. adenogonium 4.7 66.7 0.62 71.96
S. kunthianum 3.6 66.7 0.72 70.98
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per ha among the fallow periods could be attributed to selective cutting of woody plant stems for different purposes 
by the local people (Table 10).

3.5.3.4  Height class distribution of the woody plant species  The height of woody plant species in all fallow periods was 
classified in to five height classes: class 1 = 2.7–6.7, class 2 = 6.8–10.7, class 3 = 10.8–14.7, class 4 = 14.8–18.7, class 5 = 
> 18.7 m. 2-In 2–4 years fallow period only the first three height class intervals were observed and their corresponding 
number of stems, respectively, were 454, 371, and 57, Height class 4 and class 5 were not observed in any of the fallow 
periods included in this study. In old-age natural forests, the number of stems in class 1, class 2, class 3, class 4, and class 
5, respectively, were 221, 121, 58, 42 and 8 the number of stems in height class 1, class 2, class 3, and class 4 of 5–7 years 
fallow period were 478, 459.25, and 22, respectively. Fallow period four: 280.56, 227.78, 91.67 and 8.33, fallow period five: 
243, 238.5and 13 stems per ha were recorded in class 1, class 2, class 3 and class 4. Fallow period three had 318.75 and 
31.2 stems in height class 1 and 2, respectively. 5 Fallow period six had 166.67, 150.00, 125.00 and22.22 stems in class 1, 
3, 2 and 4, respectively (Fig. 4).

The reversed J-shape height class distribution of woody plant species was observed from fallow period one–fallow 
period five and old-age natural forest while irregular shape height class distribution was observed in fallow period six 
(17–20 year). A complete absence of individuals also observed in class four for fallow period one (2–4 year), fallow period 
three (8–11 year) and in class five for fallow periods six (17–20 year) (Fig. 4). This is a general pattern of normal population 
structure where the majority of the species had the highest number of individuals at lower DBH and height classes with 
gradual decrease towards both large DBH and height classes. This suggests good reproduction and recruitment potential 

Table 10   ANOVA of woody plant abundance among the fallow periods in shifting cultivation in Quara district of the Amhara national 
Regional Sate

Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’. 0 ‘***’ = strongly significance, 0.001 ‘**’ = highly significance, 0.01 ‘*’ = significance and 
0.05 ‘.’ 0.1 ‘’ = not significance

Source of variation df Sum sq Mean sq F value Pr(> F)

Site 2 83,225 41,612 2.5621 0.118422
Fallow period 6 761,293 126,882 7.8122 0.001369**
Residual 12 194,899 16,242

Fig. 4   Woody plant regeneration status along the fallow periods and old age adjacent natural forest
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of the vegetation. However, this pattern does not depict the general trends of population dynamics and recruitment 
processes of a given species [51]. None uniform distribution of the woody plant species in any forest area implied that 
there were different disturbances in the area [27]. The vegetation in our study area has been disturbed by different 
factors such as overexploitation of the vegetation by the local communities for construction, fuelwood, charcoal, over 
grazing, fire and other factors. Generally, the vegetation in the surrounding area has been mismanaged and hence 
deserve special attention.

3.5.3.5  Woody Plant Species Dominance  The basal area of woody plant species in old natural forests showed statistically 
significant difference with fallow periods 1–6. However, no significant difference was observed among the first six fallow 
periods in the basal area of woody plants (Table 11).

Basal areas of woody plant species showed increasing trend with the age of the fallow period (Fig. 5). The values for 
the basal areas of woody plants in fallow period one, two, three, four, five, six and old-age natural forest, respectively, 
were 3.981, 4.269, 4.813, 5.728, 6.971, 6.893, and 16.912. In agreement with our finding, Fekadu [1] reported increasing 
basal area of vegetation with increased age of the forest (Fig. 6).

The basal area of woody plant species along the fallow period gradients showed increasing trend with increasing age 
of the fallow period (Fig. 4). The highest basal area was observed at old-age natural forest.

Therefore, negative correation was observed between stem number and the basal area whereas basal area and DBH 
of trees showed positive correlation. Postive correlation between DBH of woody plant and basal area was also reported 
by Fekadu [1]. However, we found negative correlation between the number of stems and basal area. This could be 
attributed due to the fact that.

3.5.3.6  Size class distribution of the woody plant species  The woody plant species with DBH ≥ 2.5 cm were recorded in 
each fallow period gradients and old-age natural forest. The record was divided in to five diameter class: 1 = 2.5–5.5, 2 = 
5.6–8.5, 3 = 8.6–11.5, 4 = 11.6–14.5 and 5 = > 14.5 cm (Fig. 5).

The distribution of diameter classes for fallow period one (2–4 years) and fallow period two (5–7 years) was inverted 
J-shaped curve indicating good regeneration and recruitment. Similarly, Tekle et al. [52] reported reverse ‘J’-shaped curve 

Table 11   ANOVA for basal 
area of woody plants along 
the fallow period gradients

Significant codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’. 0 ‘***’  =  strongly significance, 0.001 ‘**’  =  highly 
significance, 0.01 ‘*’ = significance and 0.05 ‘.’ 0.1 ‘’ = not significance

Source of variation df Sum Sq Mean Sq F value Pr(> F)

Site 2 0.71 0.357 0.1821 0.8358
Fallow period 6 360.46 60.076 30.6773 0.0000***
Residual 12 23.50 1.958

Fig. 5   Height class 
distribution of woody plants 
along the different fallow 
periods in Quara district, 
northwestern Ethiopia
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distribution. This trend is a common feature of natural forests with active regeneration and recruitment [53] This structure 
is stable in terms of plant community because the community maintains itself [54] (Fig. 7).

The distribution of diameter at breast height class of the woody plant species along the fallow periods and old-age 
natural forest showed that few woody plant stems appeared on the largest diameter class at fallow period one, two and 
three while in the case of fallow period four, five, six and old-age natural forest few woody plant stems were counted at the 
middle diameter class distribution. This implied that there might be a selective cutting of woody plant species on that of 
largest and middle diameter class ranges for the above respective fallow period gradients and old-age natural forest. This 
selective cutting along the fallow periods and old-age natural forest also logically acceptable because the local people 
might have cut and used bigger diameter class trees for various purposes like fuel wood, construction, fencing and soon.

Fig. 6   Relationship between 
basal area (m2) and stem 
density across the different 
Fallow periods

Fig. 7   Diameter class 
distribution along the fallow 
periods and old age natural 
forest (m)
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4 � Conclusions and recommendations

4.1 � Conclusions

A total of 27 woody plant species belonging to 14 families were recorded and identified from the study sites. From 14 
families, Fabaceae and Combretaceae were the most dominant families respectively. Sorensen’s similarity coefficient 
was examined in this study, the highest similarity coefficient was obtained between fallow period one (2–4 years) and 
three (8–10 years) (58.7%). The two fallow period highest similarity could be attributed to their similarity in natural 
and anthropogenic disturbance level, topographic and soil factors. The least similarity coefficient recorded between 
fallow period two (5–7 years) and old-age natural forest (25.6%) could be due to the different disturbance levels such 
as fire, logging, grazing and differences in slope, soil and others. The study showed that the woody vegetation in 
the study areas was severely disturbed by slash and burn agricultural practices, although the practice did not affect 
the regeneration of the woody plants. Rather, secondary woody plant species showed high resilience and good 
regeneration in all the fallow period gradients. All individual species showed high abundance of seedling, sapling and 
mature trees along the fallow period gradients unlike adjacent old-age natural forest. However, tree species richness 
was the highest in old-age natural forest when compared with other fallow period gradients. Lack of clear pattern in 
the species diversity and richness of woody plants among the different treatments indicate continuous disturbance of 
the forest system by different factors such as overgrazing, firing, selective cutting, trampling by livestock, and human 
disturbance due to seasonal immigration form highland areas during the rainy season. This study sheds light on the 
effect of the length of fallow period on the regeneration of woody plants. There was highly significance difference of 
woody plant density along the fallow period gradients and old age natural forest and this could be due to selective 
cutting by the local people for different purposes.

4.2 � Recommendations

Application of the following recommendations could enhance the regeneration of woody plant species in the study 
area and help for their sustainable management:

•	 Awareness about the value of forest biodiversity should be created to the local community for the sustainable 
management of these ecosystem.

•	 The local community should manage successional secondary vegetation by designing sustainable management 
system in the district

•	 Slash and burn traditional shifting cultivation system should be replaced by economically and environmentally 
sound practices.

•	 The local community indigenous knowledge should be developed to improve and optimize the fallowing time 
in the area.

•	 Optimum fallow period time should be determined for the sustainability of woody plant species in the area.
•	 Soil seed bank should be investigated before and after slush and burn agricultural practices to know the impact 

of fire on the loss of woody plant species.
•	 The carbon stock of secondary forests should be investigated along the fallow period gradients and old-age 

natural forests to determine the optimum fallow period for carbon sequestration.
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