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Abstract: The miombo woodlands of Tanzania have continued to be subjected to deforestation due to
mainly agricultural expansion. Knowledge of long-term productivity of the subsequent land use
can help to evaluate the sustainability of the existing land management systems. We used both
socioeconomic and soil survey data to assess maize yield and selected soil properties, respectively,
with an increasing cultivation period since conversion from miombo woodland. Data on maize
production was collected from 121 households in three villages, while soil sampling was undertaken
on 15 plots in one of the study villages. Soil samples were taken from miombo woodland and from
croplands with cultivation periods varying from two to 52 years. Samples were taken at 0–10 cm
and 10–20 cm depths and analyzed for the major plant nutrients. According to the results of the
socioeconomic data analysis, continued cultivation of former miombo woodlands does not have a
significant effect on maize yield. The results of the soil analysis also showed that the major plant
nutrients on farmlands in both soil layers did not show a significant change from the adjacent miombo
woodland and did not decline with increasing cultivation period. This indicates that the current
farming system can maintain the levels of the major plant nutrients and thus soil productivity.
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1. Introduction

Deforestation and subsequent land degradation are common challenges worldwide [1,2].
The global annual loss caused by land degradation is estimated to be USD 40 billion [3]. Expansion
of agricultural lands have been reported as one of the main causes of land degradation [4]. This in
turn has been resulting in soil quality deterioration and loss of productivity [1].

The miombo woodlands of sub-Saharan Africa have been one of the areas subjected to deforestation
and forest degradation [5]. The Tanzanian miombo woodlands, which cover a significant part of
the country [6–8], have also been declining at an average rate of about 1% (400,000 ha) per year
since the 1980s [7]. Agricultural expansion has been considered as one of the main proximate causes
of deforestation in the country [9–13]. On the other hand, there has been a growing demand for
environmental services such as carbon sequestration provided by tropical forests and woodlands owing
to the recognition of payments for ecosystem services [14]. Sustainable agricultural production has
been suggested as one way of limiting the expansion of agricultural land, and thus deforestation [15].

The financial justification for deforestation in developing countries in general is because agriculture
provides higher economic return than standing forests and woodlands. Alternatively, scientists argue
that the profitability of deforested land is short-term, as the soil loses its fertility, and consequently
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its productivity, over time. Several studies e.g., [16–20] showed that deforestation and subsequent
land use for crop production in general leads to deterioration in soil chemical, physical, and biological
properties. This is mainly due to changes in the amount and quality of organic carbon input to the
soil [21]. The rates of change, however, differ greatly both between and within farms [21,22] depending
on several factors such as inherent variation in soils, particle size distribution, type of cultural practices,
and soil conditions prior to conversion [21]. On the other hand, little effects of clearing and continuous
cultivation on soil properties have been reported. For example, Hati et al. [23] observed that the
soil organic carbon (SOC) content in unfertilized plots did not change after 31 years of continuous
cultivation. Improvements in plant available nutrients after conversion are also reported. For example,
Lemenih et al. [24] observed an increase in concentrations of exchangeable K and P in croplands
cultivated for up to 53 years. Therefore, understanding the relationship between deforestation and the
dynamics of productivity of the subsequent land use is important for the sustainable management
of land.

The aim of this study was to assess the long-term responses of permanent conversion of miombo
woodland into small-scale farming systems to maize yield and selected soil properties. This can
help to predict the dynamics of agricultural production for better valuation of actual and potential
returns to land use change. Besides, this can provide information in designing compensation-based
climate change mitigation measures such as REDD+ (Reducing Emissions from Deforestation and
Degradation), which requires information on returns to alternative uses of forest land.

2. Materials and Methods

2.1. Study Sites

We selected three villages namely, Kunke, Maseyu and Mlimbilo, from the Morogoro region in
eastern Tanzania (Figure 1). Kunke and Mlimbilo are located 120 km north of Morogoro town, the
capital of the region, while Maseyu is located 50 km east of Morogoro town along the road to the
country’s largest city, Dar es Salaam. The climate in the region is generally characterized as sub-humid
tropical, with a mean annual rainfall ranging from 800 to 1200 mm [25]. The rainfall has a bimodal
distribution with the short rains falling from October to December and the long rains falling from
March to June. The mean annual temperature ranges from 28 to 31 ◦C [25]. The soils in the area
vary according to topography and parent material but in general they are well drained red sand clay
loam with a pH ranging from 5 to 5.5. In valley bottoms, Mollisols and Inceptisols are dominant [26].
The parent material of the soils is neogene colluvium, derived from metasedimentary rocks rich in
garnet-biotite gneisses with microcline and muscovite [27]. The mean annual soil temperature is
categorized under iso-hyperthermic (>22 ◦C) [27]. The vegetation type is generally characterized as
open dry miombo woodland [25], with an average above ground biomass density of 40 Mg ha−1 [7].

2.2. Farming Systems

The livelihoods of the people in the three study villages depend mainly on small scale subsistence
farming. About 80% of the inhabitants cultivate maize (Zea mays L.) while millet (EleusinecoracanaL.)
and sesame (SesamumindicumL.) are also common crops [28]. The size of farmlands ranges from 0.4
to 6.0 ha [28]. The mixed farming system in the area integrates crops and scattered trees. This system
can be considered as a parkland agroforestry system, which refers to farmlands or recently fallowed
fields with scattered multipurpose trees selected and protected by the farmers [29]. The most common
tree species found in the croplands include Albizzia harveyi, Anacardium occidentale, Combretum
collinum, Dalbergia melanoxylon, Mangifera indica and Sclerocarya birrea ssp. Caffra. Site preparation
usually involves the burning of herbaceous plants and crop residues. Soil fertility management in the
study villages generally does not involve the application of commercial fertilizers, but animal manure
is widely used. Livestock rearing is also a source of livelihood for some inhabitants, and free grazing is
the common system practiced in the area.
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Figure 1. Map of (a) Tanzania; (b) Morogoro region; (c) the study villages. 
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2.3. Data Collection

The effect of continuous cultivation on land quality and productivity can be assessed by quantifying
yields across farmlands with different cultivation periods, or by evaluating the condition of key
indicators of soil quality such as available plant nutrient reserves under farmlands of different
cultivation periods [16]. In our study, data on both crop yield (maize) and selected soil quality
indicators were collected to evaluate agricultural productivity in relation to the number of years the
plots have been under cultivation since conversion from miombo woodlands.

2.3.1. Socioeconomic Survey

The socioeconomic data from the three villages were collected in January 2012. A total of 30
households were randomly selected from Kunke, 54 from Maseyu, and 37 from Mlimbilo. The selected
households represent 15% of the total households in the corresponding villages. Basic demographic
information, data on maize yield per hectare and characteristics of each farm plot were obtained using
structured questionnaires.

2.3.2. Soil Sample Collection and Analysis

The soil samples were collected from Maseyu village only due to practical reasons, including
its proximity to the University where the soil analysis was conducted. Moreover, as this village has
been subjected to continuous deforestation for more than 50 years due to its proximity to the road
and settlement area, the probability of getting farmlands cultivated for more than 50 years is very
high in this village compared to the other two villages. For this study, 12 farmlands with similar
topographic, climatic and edaphic conditions, as well as management history, were selected (Figure
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S1). Most of the plots are located near the household’s residence. The slope of the farmlands can be
described as level to mid hill with low to no risk of soil erosion. The average altitude of the farmlands
is 708 m a.s.l. Management of all farmlands does not involve the use of chemical fertilizers, pesticides,
and irrigation. The farmlands had been cultivated from 2 to 55 years since conversion from miombo
woodlands. The year when each farm was cleared for crop production was determined by interviewing
the landowners and village administrators. An additional three sample plots were selected from
miombo woodlands in the adjacent Kitulangalo forest reserve (Figure S1). This was done to detect
possible changes due to the conversion and subsequent continuous cultivation of miombo woodlands.

Soil sampling was done in November 2011, during the non-cropping season. In each of the 12
plots on croplands and 3 plots on the miombo woodland, a 20 m × 20 m sampling plot was established.
In each sampling plot, five mini-pits, four at the corners and one at the center of the plot, were dug
to a depth of up to 25 cm using a shovel. Soil samples were collected from each pit at two depths
(0–10 cm and 11–20 cm). The five soil samples from each sampling plot at each depth were mixed to
get a composite sample. Each composite sample was placed in a labeled plastic bag and was taken
to the soil laboratory at Sokoine University of Agriculture in Morogoro, Tanzania. The soil samples
were air dried and sieved through a 2 mm sieve for chemical analysis. Another set of undisturbed
soil samples, for bulk density determination, were collected using a core sampler from the two above
mentioned depths. The samples were oven dried to a constant weight at 105 ◦C and the bulk density
was determined with the core using a gravimetric method [30].

Total nitrogen (Total N) was determined with Kjeldahl method [31]. Available phosphorus was
extracted by the Bray and Kurtz-1 method [32] and it was determined using a spectrophotometer [33,34].
Exchangeable potassium was extracted by saturating soil with neutral 1M NH4OAc [35] at a pH of 7,
and the extracted potassium was measured with an atomic absorption spectrophotometer. Soil pH
(H2O 1:2.5) was analyzed using a pH meter. Texture was determined in soil suspension by hydrometer
method [36]. Soil organic carbon concentration was determined by the wet oxidation method of
Walkley and Black [37]. The Soil organic C stock (SOC) (g m−2) was then calculated using the formula,

SOC = SOC * BD * D * 100

where: SOC is the carbon stock in g m−2 of a sample depth, D, the depth of a sample layer (cm), BD, the
bulk density in g m−3 of a sample depth D, and SOC, the carbon content in g 100 g−1 soil of a sample
depth. The same equation was applied to estimate the stock of Total N (g m−2) for each soil layer.

We further calculated Carbon to Nitrogen ration (C: N ratio) using the following formula.

C:N ratio = SOC stock/Total N stock

2.4. Data Analysis

2.4.1. Socioeconomic Data

Agricultural yield was assessed along farmlands with different ages since conversion from
miombo woodland. In addition to the important variable, cultivation period (age of a given plot),
other factors (explanatory variables) thought to have both fixed and random effect on maize yield,
were also considered in the analysis. Descriptions of the explanatory variables used in the analysis are
summarized in Table 1. Farmlands used only for maize production were considered in the analysis.
Consequently, the total number of farm plots used for this analysis was 94. Before analysis, explanatory
variables were tested for correlation between each other. When two variables were strongly correlated,
only one was considered in the analysis. A linear mixed-model was applied to examine the effect of
the different explanatory variables on the response variable (maize yield). A reason for choosing a
mixed-model was to be able to incorporate a random variable; in this case the administrative unit
(village) into the model.
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Table 1. Description of the response and explanatory variables used in the model.

Variables Description Variable Type Number of Factors
(Levels) Effect

Response variable
Yield (Yie) Total yield harvested (kg ha−1) Continuous

Explanatory
variables

Village (Vil) An administrative unit Factor 3 factors Random
Sex Sex of the household head Factor 2 factors Fixed
Age Age of the household head Continuous Fixed

Family size (FL) Family member above 10 years
old are considered in the analysis Continuous Fixed

Education (Ed) Number of schooling years
completed by the household head Factor 3 factors Fixed

Number of plots
(NP)

Number of plots managed by the
household Continuous Fixed

Ownership (OS) If the farm manager has user right
to the plot or rents from others Factor 2 factors Fixed

Plot size (PS) Total area of a given plot Continuous Fixed
Distance from

household (DHH)
Time required to reach to the plot

from the user’s house Continuous Fixed

Cultivation period
(CY)

The time period since the land was
being used for crop cultivation Factor 4 factors Fixed

Distance from the
nearest forest (DF)

Distance in minutes walking to
the particular plot from the

nearest forest
Continuous Fixed

Soli type (ST) Soil texture based on the farm
managers description Factor 4 factors Fixed

Land quality (LQ) Land quality in terms of fertility
according to the farm managers Factor 3 factors Fixed

Slop (Slo)
The degree to which the plot is
exposed to erosion (slop of the

farmland)
Factor 3 factors Fixed

Degree of weed
infestation (DW)

The degree to which the plot is
affected by weed Factor 4 factors Fixed

Seed input (SI) Amount of seed used per hectare Continuous Fixed

Labor input (LI) Man-days employed per hectare
of land Continuous Fixed

2.4.2. Soil Data

To compare the mean value of each soil parameter among cultivation periods, the cultivation
period of the plots was categorized into 4 groups: 1–10 years, 11–20 years, 21–30 years and >30 years.
The miombo woodland was considered as control (0 years). One-way analysis of variance (ANOVA)
was used to detect statistically significant differences in mean values of each soil parameter per depth
among the different categories of cultivation periods. Pair-wise comparisons of the means of each
soil parameter per depth between the different cultivation period groups were made using Tukey’s
studentized test. A significance level of α = 0.05 was used. The statistical software, R version 3.6.1. [38]
was used for all statistical analysis.

3. Results

This section is divided by subheadings; it provides a concise and precise description of the
experimental results, their interpretation as well as the experimental conclusions that can be drawn.

3.1. Maize Yield and Cultivation Period

The average yield per hectare was 1.19 ton (Figure 2). The results of the linear mixed model
analysis showed that the number of years of continued cultivation of the former miombo woodlands
did not have a significant effect on maize yield. Of all the other explanatory variables included in the
model, distance from household (DHH) and land quality (LQ) showed significant effects on maize
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yield at 1% and 5% levels of significance, respectively (Table 2). However, the yield in the three different
villages showed insignificant variation.Sustainability 2020, 12, x FOR PEER REVIEW 7 of 16 
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Figure 2. Observations of maize yield across farmlands of different cultivation age.

Table 2. ANOVA table of variables explaining variation in maize.

Source of Variation df SS MS F Pr (>F)

Sex 1 1,254,948 1,254,948 2.209 0.141
Age 1 18,745 18,745 0.033 0.856
FL 1 221,637 221,637 0.390 0.534
Ed 2 610,983 305,492 0.538 0.586
NP 1 362,213 362,213 0.637 0.427

DHH 1 7,641,817 7,641,817 13.448 <0.000 ***
CY 1 287,360 287,360 0.506 0.479
OS 1 585,152 585,152 1.030 0.313
DF 1 8750 8750 0.015 0.901
ST 3 2,201,571 733,857 1.291 0.284
LQ 2 4,492,679 2,246,340 3.953 <0.05 *
Slo 3 554,817 184,939 0.325 0.807
DW 3 251,357 83,786 0.147 0.931
PS 1 221,993 221,993 0.391 0.534
SI 1 30,956 30,956 0.054 0.816
LI 1 889139 889139 1.565 0.215

Note: * p < 0.1, ** p < 0.05 & *** p < 0.01.

3.2. Soil Properties Responses to Land-Use Conversion and Continuous Cultivation

3.2.1. Major Plant Nutrients (N, P and K)

The mean N concentration in the miombo woodland was 0.24 ± 0.02% and 0.19 ± 0.02% in the
upper and lower soil layers, respectively (Table 3). In the croplands, it ranged between 0.23 ± 0.01 and
0.28 ± 0.01% in the upper and between 0.19 ± 0.01 and 0.23 ± 0.02% in the lower soil layer (Table 3).
The variation in average N between the miombo woodland and the croplands was not significant. In
the croplands, average N (%) in the lower soil layer declined with increasing cultivation period, but
not significantly. In the upper soil layer however, a consistent trend was not observed (Figure 3).
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Table 3. Mean (±SE) for selected soil properties in the 0–10 cm and 10–20 cm soil layers on miombo
woodland and across croplands of different cultivation period categories since conversion from miombo
woodland (the values in parentheses are one standard error and * p < 0.1).

Soil
Parameter

Depth
(cm)

Cultivation Period ANOVA

0 1–10 11–20 21–30 >30

Total N (%) 0–10 0.24 (±0.02) 0.25 (±0.03) 0.24 (±0.03) 0.23 (±0.01) 0.28 (±0.01)
10–20 0.19 (±0.02) 0.23 (±0.02) 0.23 (±0.01) 0.21 (±0.02) 0.19 (±0.01)

P (mg kg−1) 0–10 5.64 (±0.16) 19.15 (±15.98) 21.61 (±18.65) 55.71 (±3.50) 34.36 (±16.81)
10–20 2.20 (±0.12) 16.38 (±14.83) 19.68 (±17.16) 44.38 (±7.63) 17.31 (±9.86)

K
exchangeable
(cmoles kg−1)

0–10 0.65 (±0.10) 0.81 (±0.13) 0.85 (±0.28) 1.00 (±0.10) 0.91 (±0.17)

10–20 0.35 (±0.06) 0.46 (±0.18) 0.86 (±0.04) 0.74 (±0.16) 0.62(±0.22)
pH 0–10 5.79 (±0.28) 5.62 (±0.28) 5.58 (±0.44) 5.72 (±0.12) 5.73 (±0.36)

10–20 5.56 (±0.26) 5.38 (±0.24) 5.14 (±0.06) 5.67 (±0.17) 5.64 (±0.07)
SOC (%) 0–10 1.47 (±0.28) 1.24 (±0.18) 1.52 (±0.41) 1.24 (±0.18) 1.47 (±0.29)

10–20 1.40 (±0.23) 1.06 (±0.10) 1.14 (±0.07) 1.08 (±0.20) 0.83 (±0.01)
BD (g cm−3) 0–10 1.28 (±0.10) 0.99 (±0.10) 1.25 (±0.02) 1.29 (±0.09) 1.22 (±0.02) *

10–20 1.34 (±0.11) 1.17 (±0.05) 1.34 (±0.10) 1.28 (±0.12) 1.35 (±0.05)
Clay (%) 0–10 14.10 (±1.32) 15.93 (±2.03) 23.43 (±2.80) 15.77 (±3.09) 15.07 (±1.35) *

10–20 18.27 (±1.48) 15.93 (±2.85) 22.27 (±2.90) 15.60 (±0.58) 19.77 (±4.05)
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Figure 3. Observations of (a) total nitrogen; (b) available phosphorus; (c) average concentration of K in
the upper (0–10 cm) (Top soil) and the lower (10–20 cm) (Sub soil) soil layers across cultivation period.
0: woodland, 1: cropland cultivated for 1–10 years, 2: cropland cultivated for 11–20 years, 3: cropland
cultivated for 21–30 years, and 4: cropland cultivated for more than 30 years. The error bars represent
one standard error.
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Available P was generally higher in the croplands compared to in the miombo woodland (Figure 3).
Average P in the woodland was 5.64 ± 0.16 mg kg−1 and 2.20 ± 0.12 mg kg−1 in the upper and lower
soil layers, respectively, while in the croplands it ranged from 19.15 ± 15.98 to 55.71 ± 3.50 and from
16.38 ± 14.83 to 44.38 ±7.63 in the upper and lower layers, respectively (Table 3). The variability in
P within the cultivation period category was very high and there was no clear relationship between
cultivation period and P concentration.

The average concentration of K on the miombo woodland was 0.65 ± 0.10 (cmoles kg−1) and
0.35 ± 0.06 (cmoles kg−1) in the upper and lower soil layers, respectively (Table 3). In the croplands, it
ranged between 0.81 ± 0.13 and 1.00 ± 0.10 (cmoles kg−1) in the upper soil layer and between 0.46 ± 0.18
and 0.86 ± 0.04 (cmoles kg−1) in the lower soil layer (Table 3). The average concentration of K in
the lower soil layer was significantly higher (p < 0.01) on the croplands compared to the same soil
layer in the miombo woodland. In the upper soil layer however, the difference was not significant.
The variation in average K between the different age categories of croplands was also insignificant for
both soil layers.

3.2.2. Soil Bulk Density (BD)

The results of the bulk density analysis showed that it significantly declined in the first 2–7 years
of cultivation but remained unaffected following deforestation and continuous cultivation in both
soil layers. In general, BD on the lower layer was higher than in the upper layer except for the third
cultivation period category in which the BD in the upper and lower layer was the same.

3.2.3. Soil Organic Carbon (SOC) Concentration

In all age categories of the croplands, SOC in the upper layer was slightly higher than in the
lower layer (Table 3). In the miombo woodland however, SOC was similar in both layers. In the
upper soil layer, there was no significant variation in SOC between the miombo woodland and any of
the four cultivation period categories. Similarly, the variation in SOC content among the cultivation
period categories was not significant in both upper and lower soil layers. In the lower layer, however,
the highest SOC content (1.40%) was measured in the miombo woodland, while the lowest (0.83%)
was observed in cultivation period >30 years. The reduction in average SOC in the lower layer after
>30 years of cultivation was about 41%.

3.2.4. Soil Organic Carbon (SOC) and Total Nitrogen (Total N) Stocks

Mean Total N and SOC stocks (g m−2) in the 0–20 cm soil surface layer showed a similar trend
except for in cultivation period category 4. Figure 4 shows that the highest mean SOC density (1836 g
m−2) was observed in the miombo woodland, while the lowest (1221 g m−2) was found in cultivation
period category 1. The mean Total N content also declined by about 9% within 10 years of cultivation.
The highest mean Total N was however, observed in cultivation period category 2 (309 ± 57 g m−2) and
4 (304 ± 57 g m−2). After reaching an equilibrium after about 20 years of continuous cultivation, SOC
content continued to decline, although at low rates.

3.2.5. Carbon to Nitrogen Ration (C:N Ratio)

In all age categories of the croplands, mean C:N ratio in the upper layer was slightly higher than
in the lower layer (Table 4). In the miombo woodland however, average C:N ratio was higher in the
lower layer than in the upper layer. The mean C:N ratio in both layers was higher in the miombo
woodland compared to in the croplands of all age categories, but not significantly. The highest mean
C:N ratio (7.52) was observed in the lower layer of the miombo woodland, while the lowest mean C:N
ratio (4.37) was observed in the lower layer of cultivation period category 4.
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Table 4. Soil Organic Carbon (SOC) and Total Nitrogen (Total N) stocks and Carbon to Total Nitrogen
ratio (C:N ratio) (the values in parentheses are one standard error).

Cultivation Period Depth (cm) SOC (gm−2) Total N (gm−2) C:N Ratio

0 0–10 1835 (±227) 302 (±27) 6.31 (±1.33)
10–20 1837 (±187) 260 (±33) 7.52 (±1.79)

1–10 0–10 1181 (±52) 241 (±12) 4.92 (±0.23)
10–20 1260 (±175) 272 (±26) 4.70 (±0.69)

11–20 0–10 1892 (±517) 303 (±43) 6.03 (±0.77)
10–20 1538 (±140) 314 (±29) 4.93 (±0.41)

21–30 0–10 1589 (±208) 292 (±11) 5.50 (±0.90)
10–20 1340 (±124) 264 (±25) 5.26 (±0.98)

>30 0–10 1802 (±390) 347 (±17) 5.12 (±0.87)
10–20 1131 (±48) 262 (±24) 4.37 (±0.25)

4. Discussion

4.1. Maize Yield and Number of Years of Cultivation

The development of agricultural yields after deforestation is a crucial factor in the long-term
analysis of whether the conversion of forestland into cropland has been economically beneficial. This
is independent of whether the loss of biodiversity and/or the emission of greenhouse gases during
deforestation is included in the analysis or not. If agricultural yields are high in the first years
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immediately after deforestation, but then fall because of nutrient depletion, the decision to clear the
forest may seem rational in the short run, but not in the long run. In such cases, deforestation may be
profitable at high interest rates, but not if the interest rate is sufficiently low. In this study, no such
trend of decreasing yields was found, since the studied woodlands are usually degraded prior to their
conversion into cropland. This might explain why continuous cultivation did not show a significant
negative effect on the yield. It can also be explained by the common farming practices in the area.
By applying animal manure, burning herbaceous plants prior to cultivation, leaving crop residues
in the plot after harvest, and keeping trees in the cropland, farmers evidently manage to keep maize
yields stable long after the woodland was cleared.

Regarding the other explanatory variables included in the analysis, as expected, plots described
as being of good quality, resulted in relatively high yields. Moreover, the further the plot was from the
farm manager’s house, the higher the yield was. This can be explained by the frequency of human and
animal disturbance in nearby plots, which might result in reduced yield. The reason why the other
explanatory variables also did not show a significant effect on yield may be that, as the main aim of
the study was to see the impact of cultivation period on yield, other factors such as the explanatory
variables were controlled as much as possible. Hence, it is not surprising that most of the variables did
not show a significant effect on yield.

4.2. Soil Chemical and Physical Properties Responses to Continuous Cultivation

4.2.1. Major Plant Nutrients (N, P and K)

Generally, a depletion of soil nutrients due to permanent conversion and subsequent continuous
cultivation of miombo woodlands was not observed in this study. This is contrary to other studies,
which have reported soil nutrient declines following deforestation and subsequent continuous
cultivation e.g., [16,20,22,39]. However, the results regarding K and P from this study are comparable
to those of [20] where higher concentrations of exchangeable K (cmoles kg−1) and P (mg kg−1)
were observed in croplands cultivated for up to 53 years in comparison with soils in tropical dry
Afro-montane forest, at both 0–10 cm and 10–20 cm soil depths. Clearing of miombo woodland and
subsequent continuous cropping did not show a significant negative change in the major plant nutrients.
This can be explained by the fact that the woodlands are generally located on soils naturally poor in
nutrients, particularly in N and extractable P. Significant nutrient depletion usually occurs in soils with
an initial high nutrient content [18,20]. On the other hand, the relatively higher concentrations of the
major plant nutrients in the croplands compared to the miombo wood land, could be attributed to
the current farming system. Animal manure and other organic wastes are important sources of N.
Moreover, substantial amounts of organic matter and plant nutrients can be added from the burning of
plant material on the farmlands. Litter addition from on-farm trees can also be significant.

4.2.2. Bulk Density (BD)

The BD in the miombo woodland and the croplands of all age categories did not differ.
Reference [40] also reported insignificant variations in bulk density between agricultural land and
miombo sites in the upper 20 cm of soil. In general, BD on the lower layer was higher than in the
upper layer except for cultivation period of 20–30 years, in which the BD in the upper and lower layer
was the same. This may be due to the relatively higher SOC in the upper layer compared to in the
lower, and higher compaction in the lower layer due to the absence of cultivation and mass of the
soil above. The relatively low BD in croplands cultivated for up to 10 years, in which SOC was low,
is probably due to tillage effects. BD of soil depends greatly on the degree of compaction. Forests
and woodlands are expected to have relatively low BD compared to croplands. However, this was
not the case in this study. This can be explained by the high level of compaction caused by cattle in
the woodland. Even though the studied miombo woodland is a forest reserve, illegal harvesting and
grazing are common activities.
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4.2.3. Soil Organic Carbon (SOC)

SOC decreased with depth as expected, however, insignificantly. This is consistent with other
studies e.g., [41–43]. Mean SOC in the upper soil layer of the miombo woodland was similar to that
of the croplands of all age categories. It was also similar across the cultivation period categories.
This can be related to the slow decomposition rate of litters in the miombo woodlands, due to low
initial available N contents [44]. Mean SOC in the lower soil layer of the miombo woodland was higher
compared to the croplands of all age categories, although insignificantly. The result also showed signs
of decline in SOC in the lower soil layer of the croplands due to clearing and continued cultivation.
The rate of change was, however, low probably due to their lower initial content.

4.2.4. Soil Organic Carbon (SOC) and Total Nitrogen Stocks (Total N)

Our results showed a significant decline in mean SOC and Total N in the croplands cultivated
for up to 7 years. This result supports earlier generalizations that most of the SOC and Total N lost
following cultivation occurs during the first few years [21,45,46]. On average, 24% of SOC and 15%
of Total N stocks could be lost upon conversion of forest to cultivated land [21]. The decrease in the
contents of SOC and Total N in the early cultivation years can be explained by the high intake of
available nutrients by crops. It is shown that average SOC stock dropped by 33.5% after 2–7 years
of cultivation. This could be related to the results of the bulk density, which showed a significant
decline in the first 2–7 years of cultivation (Table 3). On the other hand, relatively higher mean stocks
of SOC and N were observed in cultivation period category 3 (10–20 years). This could be related to
the clay content, which was particularly high in that category (Table 3). The SOC and Total N stocks
after 20 years of cultivation showed a declining trend, except for category 4, where the Total N content
was similar to that of category 3. Reduction in SOC and Total N contents due to continued cultivation
is well documented. For example, Tiessen et al. [47] showed 34% and 29% net loss in SOC and N,
respectively, after 60 years of cultivation. Similarly, [20] reported a 41% reduction in SOC after 50 years
of cultivation in smallholder agriculture in the highlands of northern Ethiopia.

4.2.5. Carbon to Nitrogen Ration (C:N Ratio)

Cultivated soils are in general known to have lower C:N ratios than forest soils due to the relatively
lower C:N ratio requirement by crops than by trees [21]. The results of this study also confirmed that
the mean C:N ratio in both layers was higher in the miombo woodland compared to in the croplands
of all age category, although statistically insignificant. The mean C:N ratio was similar across the
cultivation period category. This can be explained by the similarity in the type of crops cultivated in
the croplands.

4.3. Implications of the Soil Analysis Results for Maize Yield

There are many factors affecting crop yield in general, and maize in particular. The amount of
necessary available plant nutrients is one of the most important factors determining crop yield. Maize
growth demands about 360–600 mg kg−1 of available K, over 6 mg kg−1 of available P, and a pH range
of 5.8–8. Moreover, an N level and SOC content of above 0.2% and 2.0%, respectively, are considered as
good indices for N availability [24]. The results of the soil analysis showed that the current available P
is sufficient to support maize yield across all plots. Similarly, the N level, SOC contents and pH values
in all the croplands are within the required level. The current available K in all the croplands except
those cultivated for up to 20 years is also satisfactory to support maize. This implies that the decline
in some soil nutrients and soil quality indicators such as SOC due to continued cultivation does not
necessarily mean that the farmlands will not be able to maintain maize production.
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5. Conclusions

Overall, the current farming system, which incorporates a few trees in the croplands, fertilizing
using manure, burning herbaceous plants prior to cultivation and leaving crop residues in the plot
after harvest, can maintain and even increase some of the major plant nutrients. Besides, given the
initial soil nutrients status of the miombo woodlands, which is low, nutrient depletion, is also low.
This shows that deforestation of miombo woodlands in the study areas has been, and still may be, a
transition from one sustainable (unless woodlands are degraded) situation to another (agroforestry
system). This further implies that, in areas like the study sites, returns to agriculture do not fall over
time due to continuous cultivation. The fact that the woodlands are generally located on naturally
nutrient-poor soils, and that they were degraded prior to conversion into cropland, might explain why
there was no significant negative effect on the soil quality, and thus on crop yield. However, there is a
need for further study on the possible effects of changes in demography, technology and input on soil
quality and crop yield.

Supplementary Materials: The following are available online at http://www.mdpi.com/2071-1050/12/10/4113/s1,
Figure S1: a. Agricultural land and b, The forest reserve of miombo woodland.
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