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Abstract We tested whether cultivation and fallow-

ing have any significant effect on tree species

diversity and dominance in semi-arid Zimbabwe. To

this end, we quantified tree species diversity and

physiognomy on two soil types (mutapo and bandati)

stratified into three land-use categories, i.e., cultivated

land, fallow land and woodland. Results showed that

tree species diversity was significantly different on the

two soil types. Tree species diversity was high on

bandati soil and low on mutapo soil. Results also

showed that there was significant difference in tree

species diversity among the three land-use categories

on mutapo soil but no differences on bandati soil.

Pairwise comparisons revealed significant differences

in species diversity between paired categories on

mutapo soil but no significant differences on bandati

soil. Tree physiognomy was significantly different

among all three land use categories. Colophospermum

mopane and Diospyros kirkii were the dominant

species within woodlands, while Acacia tortilis subsp.

spirocarpa replaced them as the dominant species

within the fallow land category. These results indicate

that woodland conversion for cultivation purposes has

no immediate significant effect on tree species diver-

sity on bandati soil, while it has a pronounced effect

on mutapo soil, at least in the short term.

Keywords Cultivation � Fallowing � Physiognomy �
Species dominance �Woodland

Introduction

Agriculture is often perceived to be a major threat to

biodiversity in forest and woodland ecosystems

(Balmford et al. 2005; Kadoya and Washitani 2011).

Today, the common landscape pattern within many

tropical areas is woodland patches embedded in an

agricultural mosaic matrix (Teodoro et al. 2011). In

this regard, conventional scientific wisdom has pre-

scribed the separation of woodlands (‘‘locking away

resources’’) and agricultural activities as the preemi-

nent way to conserve biodiversity in tropical biodi-

versity hotspots (King 1979). Tilman et al. (2001) has
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noted that for the next 50 years (50% larger global

population) the major driver of global environmental

change will be food production. Therefore, today’s

major challenge for conservation practitioners and

land-use managers is the achievement of a balanced

compromise between the ever-growing demand for

agricultural products and biodiversity conservation

(Harvey et al. 2008; Gardner et al. 2009).

‘‘Land sparing’’ and ‘‘wildlife-friendly’’ farming

are currently the two conflicting strategies that have

been proposed in trying to balance conservation and

agricultural production (Fischer et al. 2008). Land

sparing involves intensification of existing farmland

and separation of reserves aimed at biodiversity

conservation. In contrast, wildlife-friendly farming

integrates conservation and farming within land-

scapes. For each of these strategies to be effective,

there is need to consider both social and biophysical

factors within a particular area. There has been

increasing advocacy for agricultural intensification

as the most viable strategy for sparing land for nature

(Balmford et al. 2005; Green et al. 2005; Mattison and

Norris 2005; Matson and Vitousek 2006; Ewers et al.

2009; Rudel et al. 2009). In reality, however, agricul-

tural intensification requires costly inputs of fertiliz-

ers, high yielding crop varieties, water, energy and

pesticides, thus consequently has a negative impact on

‘‘spared’’ land. Currently, therefore, there is strong

advocacy for integrated landscapes and conservation

efforts within and outside parks and reserves, in the

matrix of surrounding human habitats (Scherr and

McNeely 2008; Brussaard et al. 2010; Guillen and

Perfect 2010).

Most poor farmers in tropical countries cannot

afford the inputs necessary for agricultural intensifi-

cation (King 1979) as they traditionally rely on natural

soil fertility. These farmers, thus, view extensification

(spatial intensification) as a cheaper strategy to

increased agricultural production. This strategy is

demonstrated in the mid-Zambezi valley of Zimba-

bwe. Many farmers in this area no longer use synthetic

fertilizers (organic or inorganic) to maintain or

improve fertility of fields due to declining economic

circumstances (Baudron et al. 2009). Any perceived

decrease in productivity of a field results in its

abandonment as fallow, and a new field is opened

instead. This practice has led to agricultural extensi-

fication into, lowly populated areas, with large undis-

turbed natural forests. Rather than trying to conserve

biodiversity through management of protected areas

separated from agricultural areas, it is therefore

reasonable that complementarities between trees and

farming be identified (Augusseau et al. 2006). In this

way, conservation and production units within agri-

cultural landscapes can be managed jointly for long

term sustainability through existing practices (Harvey

et al. 2008).

Agricultural extensification results in rapid wood-

land conversion. This conversion follows two alter-

native patterns: floristic or physiognomic. Floristic

conversion involves qualitative and quantitative

changes in vegetation composition. Through this type

of conversion, some plant species are lost and others

increase in relative abundance. The most common

pattern is the physiognomic one, which involves

changes in vegetation structure (Crawley 1997).

Through physiognomic conversion, forests and wood-

lands give way to cultivated fields, grassland, shrub

grassland, bushland and wooded grassland. Scientific

studies have noted the effect of agriculture on

woodlands which mainly result in negative changes

in the floristic composition of forests and woodlands

(Bierregaard et al. 1992; Oba et al. 2002; Ogunleye

et al. 2004; Augusseau et al. 2006). Such change is not

confined to floristic composition, neither is it always

negative.

The present study investigated the effects of

agriculture on woody species in a landscape of global

importance for conservation: the mid-Zambezi valley

of Zimbabwe in Southern Africa. Specifically, we

tested whether cultivation and fallowing have any

significant effect on woody species diversity or,

alternatively, tree species physiognomy. In addition,

we tested whether there was change in species

dominance due to cultivation and fallowing.

Materials and methods

Study area

The study was conducted in Mushumbi, Dande

Communal Area in Mbire Rural District of the mid-

Zambezi valley of Zimbabwe. The mid-Zambezi

valley, approximating some 40 km wide, and at an

average altitude of 400 m, lies between 30� and 31�
longitudes, and 15� 300 and 16� 200 latitudes. The area

is characterized by deciduous dry savanna vegetation
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(Timberlake et al. 1988), and has a dry, tropical

climate, with an annual mean temperature of 25�C,

and minimum and maximum temperature of 10 and

40�C, respectively. Annual rainfall is low and variable

(350–650 mm), with dry spells occurring during the

rainy season. The mid-Zambezi valley is a marginal

area that still host rich biodiversity (Baudron et al.

2009; Biodiversity Project 2002). A total of 729 plant

species have been identified in the area, reflecting a

wide range of habitats (Biodiversity Project 2002).

The area also has an important diversity of mammals,

several of which are emblems of big African game

animals (lion, leopard, buffalo and elephant).

The human population of the mid-Zambezi valley

expanded rapidly after the Tsetse fly (Glossina sp.)

eradication and associated provision of roads and

infrastructure (Chizarura 2003). Population figures in

Dande area increased from 36.074 (18.5 inhabitants/

km2) in 1992 to 71.096 (36.6 inhabitants/km2) in 2002

(Baudron et al. 2009). In the early 80s, the government

of Zimbabwe embarked on a resettlement project that

was earmarked to resettle 3,000 families. Each family

received a 0.4 ha residential plot and a 4.8 ha plot for

farming (Derman 1996). Intensive agriculture devel-

opment is less than 50 years old. New settlers and new

extension advice brought in cotton as a major crop,

which did quite well in the deep virgin soils which

were fertile, and thus suited this crop very well. Today

other crops grown include maize, millet, sorghum and

groundnuts (Baudron et al. 2011).

Tree species data collection and analysis

An interpreted soil map that was produced as part of a

previous study in the mid-Zambezi valley (Biodiver-

sity Project 2002) was used in the present study to

stratify the delineated area into two zones based on the

two dominant soil types, mutapo and bandati. These

two spatial zones were demarcated as: (1) Site 1,

where mutapo soil (grey-white clays), are present.

Mutapo soils are eutrophic soils associated with sodic/

saline areas. The soils are heavy, with high moisture

holding capacity, and a depth reaching up to 3 meters;

and (2) Site 2, where bandati soils (sandy clay soil) are

present. Bandati soils are moderately heavy soil that

makes huge dust clods when ploughed, and have high

moisture retention capacity. Fertility rate in the latter

is high, and gives a good yield of cotton, maize, millet

and sorghum.

At each study site, a 1 km radius study area was

demarcated after traversing and identifying areas at

relatively the similar elevation using a handheld

Global Positioning System (Garmin eTrex H Hand-

held GPS Navigator) receiver. To evaluate the effect

of cultivation and fallowing on woody species, the two

study sites were stratified into different land-use

categories: (1) an area where natural vegetation has

been cleared for agricultural purposes, with the crops

grown including cotton, sorghum, maize and millet,

denoted as cultivated area; (2) previously cleared or

cultivated areas of different ages with recovering

vegetation, denoted as fallow areas; and (3) natural

woodland. All fields and fallows within the two sites

were located and their area determined with the help of

a hand held GPS. Data on each field in the study area

were adopted from Baudron et al. (unpublished, 2008)

and included name of farmer, current crop, field age

and fallow age. Sampling plots to evaluate tree

diversity and physiognomy were established within

fields, fallows and natural vegetation. Each sampling

plot measured 30 m width and 100 m length. Fields

and fallows to establish these sampling plots were

randomly selected at each site. This was achieved by

entering information on all plots into a spread sheet

and arranging all cultivated fields and fallows by age,

ranging from 1 to 30 years for cultivated fields, and 1

to 6 years for fallows. Fields or fallows within each

particular age were allocated numbers and for each

particular age, random selection of sampling plots was

achieved by generating random numbers from a

calculator. Selection of sampling plots in the natural

woodland was simultaneously carried out with that of

cultivated fields. Random selection of these plots was

achieved by moving a distance of 300 m into the

adjacent natural woodland from a randomly selected

field. Sampling involved dividing each plot along its

length into strips of 5 m width and 100 m length. This

part of the study was done between March and July

2009.

In this study, trees were defined as woody plants in

the form of stumps, seedlings, saplings, shrubs and

adult trees. On each sampling plot, all woody species

(from seedling, sapling, shrubs and adult tree) encoun-

tered were identified in situ by their botanical and local

names and recorded. Nomenclature of species fol-

lowed Drummond and Coates-Palgrave (1973), Van

Wyk and Van Wyk (1997), Palgrave (2002) and

Biodiversity Project (2002). Vernacular names were
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adopted from the local community. Dominant species

of the study area were selected for detailed analysis of

physiognomic status in each of the three land-use

categories. Within each sampling plot, individuals of

the dominant species were grouped by height into four

classes (1) seedlings and immature saplings, woody

plants with a height less than 0.5 m (\0.5 m); (2)

stumps and saplings, woody plants with a height

between 0.51 and 1 m (0.51–1 m) (3) shrubs, woody

plants with a height between 1.1 and 2 m (1.1–2 m)

and (4) mature trees, woody plants with a height more

than 2 m ([2 m). The physiognomic status of the

dominant species in each land-use category was

assessed on the basis of frequency of individuals

within each size class.

Species diversity was quantified using Simpson’s

and Shannon-Wiener indices as recommended by

(Magurran 1988). To test the two hypotheses that (1)

increasing field age results in a decrease in tree

diversity and (2) increasing fallow age results in an

increase in tree species diversity parameters, simple

regression analysis was used with age as the single

explanatory variable. But as a preamble to regression

analysis normality tests using a Kolmogorov–Smirnov

test were conducted to find out whether our data did

not significantly deviate from a normal distribution.

Since our data did not significantly deviate from a

normal distribution we therefore carried out the

regression analysis. A standard analysis of variance

(ANOVA) was used to compare recordings from the

three land-use categories described above. Multiple

comparisons (Tukey’s) tests were made between

specific land-use categories. In all cases, a level of

P \ 0.05 was adopted as the minimum significance.

Results

Tree diversity

A total of 82 woody species from 32 families were

recorded across the study area. More species were

present on mutapo soil (53 species, 63%) than on

bandati soil (43 species, 52.4%). Tree diversity

(Simpson’s and Shannon-Weiner diversity indices)

was generally higher on bandati soil than on mutapo

soil in all three land-use categories.

On mutapo soil, the highest number of species was

recorded on fallow land (45 species) followed by

cultivated land (36 species) and natural woodland (27

species). As expected, tree density was considerably

higher within the woodland category (1,819 trees/ha)

than the other two categories. Tree diversity, however,

was highest (Simpson’s and Shannon-Weiner diver-

sity indices 11.83 and 2.47, respectively) in the fallow

land category, and lowest in the woodland category

(8.54 and 1.45, respectively, see Table 1). On bandati

soil, only 34 tree species were recorded within

cultivated land compared to 45 species within fallow

land and 42 species within woodland. Tree density was

also lower within cultivated areas (673 trees/ha) than

within fallow land (1,653 tree/ha) and woodland

(1,242 tree/ha). Highest tree diversity (Simpson’s,

23.96 and Shannon-Weiner diversity, 2.07) was again

recorded within fallow land. Cultivated land recorded

the lowest tree diversity (Table 2).

Species richness showed significant differences

among land-use categories on mutapo soil (F =

2.673,48, P = 0.02) but diversity indices (Simpson’s

Table 1 Tree diversity parameters within three different land-

use categories on mutapo soil, mid-Zambezi valley, northern

Zimbabwe

Cultivated Fallow Woodland

Diversity measures

Total no. of spps. 36 45 27

Individuals/ha 1051.5 1147.26 1819.26

Species/ha 21.71 41.66 17.40

Simpson’s index (1/D) 10.88* 11.83* 8.54

Shannon–Weiner index

(H’)

2.07* 2.47* 1.45

Values with asterisks (*) in a row do not differ significantly at

P \ 0.05 (Tukey’s post hoc test)

Table 2 Tree diversity parameters within three different land-

use categories on bandati soil, mid-Zambezi valley, northern

Zimbabwe

Cultivated Fallow Woodland

Diversity measures

Total no. of spps. 34 46* 42*

Individuals/ha 673.30 1653.32 1242.41

Species/ha 27.83 38.26 28.20

Simpson’s index (1/D) 19.12* 23.96* 20.68*

Shannon–Weiner index

(H’)

1.66* 2.07* 1.78*

Values with asterisks (*) in a row do not differ significantly at

P \ 0.05 (Tukey’s post hoc test)
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and Shannon-Weiner indices) revealed no significant

differences in woody species diversity among the three

land-use categories (Simpson’s: F = 3.673,48, P =

0.186; Shannon-Weiner: F = 3.423,48, P = 0.165).

Tukey’s pairwise comparison test on the two diversity

indices revealed that the woodland category signifi-

cantly differ from the other two categories. Land-use

categories on bandati soil, showed no significant

differences in woody species richness and diversity

(Species richness, F = 2.433,46, P = 0.231; Simpson’s,

F = 1.953,46, P = 0.155; Shannon-Weiner, F =

2.053,46, P = 0.108). Tukey’s pairwise comparison

tests revealed that the cultivated category significantly

differ from the other two categories only in terms of

species richness.

Tree diversity parameters as a function of field

and fallow age

We observed that tree diversity decreased with age of

the field, on both mutapo and bandati soils (Fig. 1).

Within young fields, tree diversity parameters were

high, then gradually decreased to a relatively constant

level as fields become older. Non-linear regression

analysis, showed significant (P \ 0.05) relationships

between field age and all tree diversity parameters

except species richness which showed a sturdy vari-

ance for each particular field age overtime. All

diversity parameters showed an exponential decrease

with an increase in field age on both soils. On the other

hand, high values in tree diversity parameters were

recorded within young fallows. We observed that there

is a gradual decrease in tree diversity as age of fallow

increased (Fig. 2). Regression analysis on fallow data

showed a significant (P \ 0.05) exponential decrease

in tree diversity with increasing fallow age. In fact we

observe that high R2 values of 0.79 and 0.85 are

obtained when fallow age is used to predict tree

diversity (Simpson’s and Shannon-Weiner index

respectively). For fallows both number of species and

tree density showed a linear decrease with increase in

fallow age. However, the linear trend was not signif-

icant, P [ 0.05 in both cases and very low R2 values of

0.15 (number of species) and 0.05 (tree density).

Tree physiognomy

The lowest height class (\0.50 m) recorded the

highest frequency in the cultivated land category for

each of the 10 dominant species, and frequency

decreased with increasing size class (Fig. 3). Farmer’s

practices confirm the above trend as field opening

includes clearing of all vegetation, and fields subse-

quently burnt before planting each season. In the

fallow land, maximum frequency was recorded in the

[2 m height class, followed by the \0.50 m class.

The least frequency was recorded in the 1.1–2 m size

class. Of major interest is the observed increase in

frequency within the upper size class from the

cultivated category to the fallow category. In the

woodland category, a very high frequency was

recorded for the [2 m height class and very low

frequencies were recorded for each of the remaining

size classes (Figs. 3, 4). For size classes \0.50 m,

0.51–1 m and[2 m, there were significant differences

(P \ 0.05 for all classes) in frequency among the land

use categories. In contrast, size class 1.1–2 m

(P = 0.09) showed no significant differences in

frequency among land use categories.

Tree dominance

Tree dominance varied from one soil type to another and

from one land–use category to another. Sixteen woody

species occurred in very high abundances and these

dominated the vegetation in the study area. Generally, in

the cultivated category at all sites mature trees most

frequently occurred within field edges. Only a limited

number of species, such as Adansonia digitata L.,

Azanza garkeana (Hoffm) Excell & Hillc, Diospyros

kirkii Hiern, Kigelia africana (Lam.) Benth, Loncho-

carpus cappassa, Tamarindus indica L. and Z. mauri-

tiana Rolfe were present within fields as mature trees.

The natural vegetation on mutapo soil was characterized

by the omnipresence of Colophospermum mopane

Benth forming tall ‘cathedral mopane’ woodlands.

Other woody trees occurred only as small trees and

shrubs. Among these was C. elaeagnoides, D. quiloensis

and D. cinerea. Some parts of the woodland were

exclusively dominated by C. mopane which formed

pure mopane stands with very little or no herbaceous

cover. A complete change in the dominance pattern was

observed in fallow areas were A. tortilis subsp. spiro-

carpa was the most abundant woody species with

C. elaeagnoides, D. cinerea and Z. mauritiana also

present in high abundance. Cultivated areas on mutapo

were characterized by high abundances and dominance

of D. cinerea and C. elaeagnoides.
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The natural vegetation on bandati soil was diverse

open woodland characterized by dominance of

D. kirkii with A. tortilis subsp. spirocarpa, D. cinerea

and Z. mauritiana also occurring in high frequency.

The natural woodland at this site was also character-

ized by a well pronounced herbaceous stratum of tall,

well-developed grass layer. A. tortilis subsp. spiro-

carpa was by far the dominant species within fallow

areas with D. cinerea and C. elaeagnoides also

present in high abundances. Similarly, A. tortilis

subsp. spirocarpa dominated the regenerating vege-

tation within cultivated areas.

Fig. 1 Tree diversity

parameters as a function of

field age, mid-Zambezi

valley, northern Zimbabwe
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Discussion

Our results indicate that soil type significantly explain

differences in tree species diversity in the landscape.

This was shown by greater dissimilarities in woody

species composition between the two soil types. The

two dominant soils in the study area (mutapo and

bandati) are known to have different chemical and

physical properties. Mutapo soils are eutrophic, grey-

white clays which are associated with sodic/saline

conditions. Fertility rating in these interfluvial soils is

very low. On the other hand, bandati soils are

moderately heavy sandy clay soils. Compared to the

clayey interfluvial soils these alluvial soils have a high

Fig. 2 Tree diversity

parameters as a function of

fallow age, mid-Zambezi

valley, northern Zimbabwe

Fig. 3 Frequency of tree size classes by land category on

mutapo soil, mid-Zambezi valley, northern Zimbabwe

Fig. 4 Frequency of tree size classes by land category on

bandati soil, mid-Zambezi valley, northern Zimbabwe
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moisture retention capacity (Mvuriye et al. 2001).

Therefore, each soil type is associated with a set of tree

species that have managed to adapt to the chemical

and physical properties of the soil. Our observations

are in line with observations from studies by Timber-

lake et al. (1993), Biodiversity Project (2002); Fritz

et al. (2003) in the same area. These studies high-

lighted that vegetation composition and structure in

the mid-Zambezi valley vary with type of soils.

It was not surprising that results show high tree

species diversity on bandati soil than on mutapo soil.

Keeping in mind the description of the two soils

highlighted above, mutapo soil supports a floristically

distinct vegetation type that is predominantly com-

posed of C. mopane which form mopane woodlands

(Mapaure 1994). The unique characteristic of mopane

woodlands is their low number of associated species,

low alpha diversity (Timberlake et al. 1993; Poilecot

and Gaidet 2011). Alluvial soils, showed high diver-

sity of woody species, chemical and physical condi-

tions in these soils are not restrictive to tree growth

therefore many tree species grow well in these soils.

Thus, we make a claim that soil type is an important

aspect in determining tree diversity in an area.

Results on the response of woody species diversity

to the effect of agricultural activities indicate that in the

short term agricultural activities do not necessarily

conflict with tree diversity. However, woody species

response is different between the two soil types.

Contrary to the commonly held assertion that wood-

land conversion for agricultural purposes results in loss

of tree species diversity through habitat destruction and

fragmentation (Bierregaard et al. 1992; Oba et al. 2002;

Ogunleye et al. 2004; Augusseau et al. 2006), on

mutapo soil woody species diversity increased after

natural woodland conversion to agricultural farmland.

Thus clearing of mopane woodlands allows other

species to establish on the cleared areas thereby

increasing species diversity. The characteristic tree

species to establish on the newly opened fields

and fallows include A. tortilis subsp. spirocarpa, C.

elaeagnoides, M. zanzibarica, D. qualoensis, D. cine-

rea, C. mossambicense, G. monticola and A. versicola.

However, it is interesting to note that most of these

species are early succession species with strong

invasive qualities and A. tortilis subsp. spirocarpa

and D. cinerea, being the most abundant species. On

bandati soil they are no immediate changes in woody

species diversity within agricultural landscapes.

Similar to what has been observed elsewhere (e.g.

Turkwel River, northwestern Kenya: Oba et al. 2002;

Olokemeji Forest Reserve, Nigeria: Ogunleye et al.

2004; Torokoro, Burkina Faso: Augusseau et al. 2006)

our results indicate that in the long term agricultural

activities adversely affect woody species diversity.

Trends observed in the present study show high tree

diversity within young fields coupled with a decrease

in diversity parameters as fields become older. High

values within young fields may be explained by the

fact that newly opened fields are characterized by

active regeneration of trees during the dry season and

high invasion from new species that were previously

absent. In essence, older fields have repeatedly been

subjected to clearing and ploughing before each

planting season. Overtime, all potential sources for

tree regeneration that include stumps, soil seed banks

and live root stalks are destroyed. In addition, tree

selection by farmers each year leads to removal of

most species and subsequent dominance of fewer

species (fruit trees and other species of cultural

importance). However, it is important to note that

there is strong variability in tree species diversity from

young to older fields. Thus, changes observed should

only be considered as trends. This variability in tree

diversity parameters could be a result of land-use

cycles (clearance–cultivation–abandonment–recov-

ery–clearance cycle) employed by some farmers in

the area.

Our results indicate that early stages of the fallowing

phase are characterized by a recovery in tree diversity.

However, this high tree species diversity is gradually

lost under a progressive increase in the fallowing period.

The high species diversity within young fallows can

largely be attributed to the reinvasion of the abandoned

fields by new species. As fallow age increases, there is a

notable decrease in species richness and abundances of

most species except A. tortilis subsp. spirocarpa.

Fallowing practice, as observed in the present study,

promotes vigorous recruitment and growth of A. tortilis

subsp. spirocarpa at the expense of all other species. In

essence, the decreased diversity within fallow areas is

accompanied by a progressive dominance of a single

species (A. tortilis subsp. spirocarpa). Dominance of

A. tortilis subsp. spirocarpa and loss of other species

could be attributed to such factors as inter-specific

interactions with surrounding vegetation, environmen-

tal modification, seedling bank, availability of resources

and dispersal limitation (Tripathi et al. 2009). However
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it is important to note that, due to high immigration that

has resulted in high demand for cultivatable land, the

length of the fallow period has progressively shortened

over recent years (Baudron et al. 2009). This implies that

vegetation recovery within fallow areas is limited.

Although our observations indicate that the fallow

phase is characterized by a decrease in tree diversity,

results also show that it is the fallow phase that allows

recovery in tree physiognomy. Land clearing has

created patches of natural vegetation within an

agricultural matrix dominated by shrubby vegetation.

In a way, cultivation is turning woodland areas into

agricultural field matrices characterized by trees in the

form of saplings, regenerating stumps and mature trees

on field edges and small patches (islands) of undis-

turbed natural vegetation. The only tree species left

within fields are tolerated by farmers (i.e. protected

and left within fields during vegetation clearing).

Tolerated species include woody plants that provide

edible fruits (e.g. Azanza garckeana (Hoffm) Excell &

Hillc, Z. mauritiana, Sclerocarya birrea, A. digitata,

Tamarindus indica L. and D. kirkii), medicinal plants

(e.g. Cassia abreviata Oliv. and Kigelia africana

(Lam.) Benth.) and other traditionally important trees

species (e.g. L. cappassa). According to Leakey et al.

(2004) tolerated trees have undergone a long tradi-

tional selection process and usually have a social value

to the community. Augusseau et al. (2006) highlights

that these tolerated tree species have the potential to

contribute to the development of ‘‘agroforestry park-

lands’’ within agricultural landscapes.

It has emerged from our findings that woodland

clearing for cultivation purposes is effecting removal

and replacement of tree species previously dominant

in the natural woodland areas. Within recovering

fallow land, A. tortilis subsp. spirocarpa is replacing

C. mopane and D. kirkii as the dominant species in the

landscape. This observation suggests that clearing of

woodlands for cultivation purposes is changing the

pattern of species composition. In essence, cultivation

is simultaneously effecting selective removal of

dominant species (C. mopane and D. kirkii), thus

facilitating growth and dominance of A. tortilis subsp.

spirocarpa. This subsequent increase in relative

abundance of A. tortilis subsp. spirocarpa in the

disturbed sites is not surprising. The species is highly

invasive (Palgrave 2002), as A. tortilis subsp. spiro-

carpa is easily raised from seed, and although rather

slow growing, is very hardy and drought resistant. This

observation raises the need for intensive studies on the

ecology of A. tortilis subsp. spirocarpa within the

context of the mid-Zambezi valley in order to assess

the role of this species within recovering fallow areas.

A survey through recent literature (Maitima et al.

2009; Asase et al. 2010; Norris et al. 2010; Tabor et al.

2010; Kayhko et al. 2011) has shown there has been

wide research on land-use change from natural

woodlands and forests to human managed landscapes.

No study in particular has focused on the response of

tree diversity to these land-use changes. This study

focused on how tree diversity responds to land-use

change. Overall, findings from this study indicate that

farming practices in the mid-Zambezi valley are not

necessarily leading to tree species loss in the short

term. This suggests some potential to harmonize

agricultural activities and biodiversity conservation in

this area. In this regard, practices such as improved

tree fallowing and agroforestry could be highly

suitable for this area.

International Council for Research into Agrofor-

estry (ICRAF 2001) defines agroforestry as a dynamic,

ecologically-based, natural resource management sys-

tem that, through integration of trees on farms and in

the agricultural landscape, diversifies and sustains

production for increased economic, environmental

and social benefits. Although it is not possible to

conserve all biodiversity, in a situation where agro-

forestry is practiced, more can be conserved than lost

(Augusseau et al. 2006). In arguing for the role of

agroforestry in agriculture and biodiversity conserva-

tion, Augusseau et al. (2006) highlights that in order to

influence tree diversity conservation in a way which

could be compatible with farmers objectives, efforts

should be directed towards land-use units which

traditionally harbor tree diversity. These land-use

units include fallows and natural woodland patches

within agricultural landscapes. In the mid-Zambezi

valley, the only challenge lies in instilling willingness

within farmers to conserve the broader suite of species

making up the natural biodiversity.

Conclusions

In this study, we found evidence that woodland

conversion into agricultural landscapes has no negative

effect on species diversity in the mid-Zambezi, at least

in the short term. This also implies the potential of

Agroforest Syst

123

Author's personal copy



agroforestry practices in promoting conservation and

tree diversity. However, the effects of cultivation on

woody species are detrimental after long periods

cultivation. The fallow phase allows for tree recovery

in terms of physiognomy. It, however, also facilitates

dominance of invasive species, resulting in a complete

replacement of the original vegetation type. Thus,

land-use changes alternately reduce vegetation stature

(clearing and cultivation) and allow recovery (fallow).

Based on these findings, we recommend maintenance

of a mosaic of different land-use units, each in a

different phase of clearance-cultivation-abandonment-

recovery-clearance cycle. Such a landscape will allow

co-existence between conservation and providing

farmers with wood for cooking and heating and food

production which is the dominant need in the area.
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