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Acacia mearnsii-based rotational crop production system dominated North-Western highlands of Ethiopia, over
the last two decades. The forest cover of Fagita Lekoma district, Ethiopia reached 68 % by 2021 because of
A. mearnsii expansion. However, the production is now threatened by Uromycladium acaciae disease. This study
examines the economic importance of U. acaciae disease in the district. Ten woodlots for two age classes were
randomly selected with five replications. Two age classes were considered, as charcoal was produced from these
ages, and only 4.5- and 5.5-year-old woodlots were found during data collection. To determine the growth
performance and productivity of A. mearnsii post-disease occurrence, all trees (68-112) within 0.01-ha circular
plots were recorded. Household surveys and field observation were led to comprehend inventory data. The
economic loss was determined in terms of the growth loss of the trees. A T-test was used to determine the dif-
ference between the growth and productivity of A. mearnsii pre- and post-disease occurrence. Plantations of both
age classes have significantly shown height, diameter, and volume losses following Uromycladium acaciae disease
spread, particularly for those of younger counterparts. Financial losses were estimated at 7558.54 USD and
9514.35 USD per round for each age class. The district’s overall forest cover and the area of A. mearnsii plan-
tations have decreased by 3.9 % and 15.2 %, respectively, since 2020. The study urges management improve-
ments and consideration of alternative non-target tree species to mitigate the disease’s environmental impact.

1. Introduction

Forests play a crucial role in supporting, regulating, and providing
for the livelihoods of rural households. Many people living in extreme
poverty rely, to some extent, on forests for their sustenance [1,2]. For
instance, households living in or close to forests can generate about 28 %
of their total income as suggested by Ref. [3]. Tree plantings can provide
households with wood products for their own usage and sale, reducing
soil degradation [4]. However, the establishment of exotic monoculture
plantations  necessitates intensive management to reduce
species-specific disease and pest susceptibility, so the plant species di-
versity index in natural forests was much higher than in exotic mono-
culture plantations [5,6], reducing the potential for disease infestation
of a specific host species. Cao et al., [7] also indicated that the estab-
lishment and expansion of monoculture exotic plantations should be
seen carefully due to the risk of disease and pest infestation. Some
studies suggested the abandoning of exotic monoculture plantations due
to disease concerns [8]. Acacia mearnsii monoculture is traditionally
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practiced in Fagita Lekoma, Ethiopia, which is usually more prone to
diseases and pests than mixed plantations [9-11], Acacia mearnsii,
commonly known as the black wattle (and sometimes incorrectly
referred to as Acacia decurrens in Ethiopia), is a widely cultivated tree
species in Ethiopia. A recent survey undertaken by Ref. [12] in Ethio-
pia’s primary wattle-growing areas identified it as Acacia mearnsii. As a
result, the local Acacia decurrens investigations were considered valid
references to the current work on A. mearnsii.

Acacia mearnsii was originally introduced for roadside plantings as a
fence and amenity, but nowadays, the predominant agricultural activity
in the study area is centered on its cultivation. The establishment of
A. mearnsii plantations in Fagita Lekoma, Ethiopia, primarily serves for
charcoal production, and associated spill-over benefits such as job cre-
ation, firewood, fencing, and other by-products [4,13]. Additionally, the
tree is favored for its environmental benefits including soil erosion
prevention, acidic soil treatment, nitrogen fixation, soil fertility
improvement, carbon sequestration, and water purification [13,14].

Nearly all of the local communities in the district have experience of
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cultivating A. mearnsii, and on average they allocated 0.58 ha per year or
plantation round (Chanie & Abewa, 2021). Following this, the area of
the district covered by Acacia mearnsii plantation rapidly increased and
reached 68 % by 2021(Fagita Lekoma Office of Agriculture, hereafter
FLOA, 2023).

In the first one or two years of A. mearnsii plantings, simultaneous
growth of cereals mainly Teff and wheat, and collecting grass for live-
stock feed in the following year are the common practices [13], and a
new agroforestry technology (Taungya) for efficient utilization of space
and product maximization per unit area [14]. Following the plantation
harvest, farmers began cultivating crop production alone for the first one
or two years depending on soil fertility, and then they returned to the
plantation of tree species with cereals, and the production cycle
continued in this manner [4].

Farmers can generate income from the trees starting from plantation
up to the final harvest; either through crop and grass production (during
the first and second years after plantation), firewood (during third and
fourth years via branch cuttings), or charcoal production (during final
harvest) [4]. Smallholder tree producers can earn an average discounted
profit of 63,963.9 ETB (2089.3 USD) and 71,520.04 ETB (2336.10 USD)
ha~! within 4.5 and 5.5 rotation rounds respectively [15]. In addition,
Achamyeleh et al., [16] reported a Net Present Value (NPV) of 127,
128.75 ETB, (5968 USD) ha~!. [4] also calculated a non-discounted net
annual benefit of 12,570.9 ETB (288.32 USD) ha’l, which is 90.64 %
and 157.49 % more than wheat and teff, respectively.

However, reports regarding disease occurrence on A. mearnsii plan-
tations in the study area were received from producers, traders, sectoral
woreda experts, Amhara regional government, and Ethiopian Forest
Development (EFD) researchers in late 2021. Similarly, new plantation
activities in the study area have been abandoned due to the severe
impact of the disease [18] and this is anticipated to have a substantial
impact on household income, possibly leading to a complete cessation of
charcoal production in the next few years. Following the report of the
stakeholders, a study was conducted on the identification of disease
occurrence [12] and identified as Uromycladium acaciae, commonly
known as *wattle rust’. This disease is prevalent in Acacia mearnsii in
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Australia and South Africa, leading to stunted growth and tree death
[19]. The damaged extent of the disease is reported as more severe on
seedlings and young plantation than mature trees [18], however, the
economic loss of the disease as well as land use shift post-disease is not
evaluated and well documented. On the other hand, there is a crucial
need to comprehend the loss in tree productivity, income, and forest
cover change caused by the disease, making decision-makers aware of
the threat and implementing appropriate measures. Therefore, the cur-
rent study was initiated (i) to determine the growth and productivity loss
of A. mearnsii, (ii) to examine the economic loss of local households and
(iii) to determine forest cover shift following U. acaciae disease on
Acacia mearnsii smallholder plantations in the study area.

2. Materials and method

Fagita Lekoma was selected purposively due to an experience of
plantation and expansion of A. mearnsii and at the same time, the
occurrence of Uromycladium acaciae on host tree species. The study area
is situated between (10°57'23"°N - 11°11'21”’N latitude and 36°40'01"’E
—37%5021”E longitude) (Fig. 1), with an elevation range of 1800 and
2900 m above sea level (masl) [20-22]. The total area coverage and
population size of the district are 653.39 km? and 146848 respectively,
with a population density of 224.7 per square kilometer, nearly 90 % of
which are rural residents [23].

The mean monthly temperature ranges from 5% to 25% and the
average annual rainfall is 2495 mm [24]. According to the FAO [26]
classification system, the major soil types of the Fagita Lekoma district
are Nitosols, Luvisols, and vertisols, which are also characterized by
shallow, moderate to very deep in depth and clay loam to clay in texture
and have moderately acidic pH-value. The erodibility varies from me-
dium to very erodible characteristics [27]. Topographically, the district
is rugged and undulating [16]. The natural vegetation cover of the
district falls under the Afromontane Forest [28]. Depending on the
agro-ecological zonation, the vegetation types vary from place to place.
For instance, in woina dega agro-ecology, Juniperus procera, Podocarpus,
Olia africana, Hagenia abyssinica, and Arundinaria alpina are the most
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Fig. 1. Location of the study area.
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dominant species. Moreover, in dega agroecology, Acacia faidherbia,
Acacia oerfota, Balanites aegyptica, and so on, are also the dominant
indigenous tree species [29]. Moreover, Acacia mearnsii and Eucalyptus
species are the pre-dominant and widely cultivated exotic trees mainly
for charcoal production in the district [16].

The majority of local populations in Fagita Lekoma follow an
agrarian lifestyle, relying mostly on agriculture and related activities for
their subsistence. The district’s farming system is characterized by a
mixed production system, combining rain-fed cropping with integrated
livestock production for sustenance. Key crops cultivated in the district
include teff (Eragrostis tef Zucc.), barley (Hordeum vulgare L.), wheat
(Triticum aestivum L.), and potato (Solanum tuberosum L.) [24]. Addi-
tionally, smallholders largely engaged in the cultivation of annual crops
in conjunction with A. mearnsii plantation during the initial year of
establishment, followed by grass collection in the subsequent year as
part of the taungya agroforestry system [14].

2.1. Sampling method and data collection

After determining the number of plantation owners in a certain aged
woodlot, ten woodlots with five replications for each age class (4.5 and
5.5) were chosen at random. To examine the growth performance and
productivity of A. mearnsii following disease occurrence, all trees
(68-112 per plot) were recorded and measured within 0.01-ha circular
plots for both age classes. Only two age classes were examined, hence
charcoal was made from these ages, and the woodlots found in the study
area during data collection had only 4.5- and 5.5-year-old trees. Diam-
eter at breast height (DBH) (cm) and tree height (m) were measured by
using a caliper and hypsometer respectively, and the number of stocks
per hectare was also counted and recorded. A social survey was also
done and 140 household interviews, 11 key informant interviews, three
focus group discussions, and field observations were led. Structured and
semi-structured questionnaires were employed for interviews during
data collection. All household interviews were done at the farmers’
A. mearnsii planting sites, allowing the researcher to cross-check their
responses with field observations. The entire dataset was collected be-
tween March and October 2023.

2.2. Method of data analysis

Economic loss following U. acaciae disease occurrence on small-
holder A. mearnsii plantations was determined in terms of growth loss of
the host trees. Growth and productivity data pre-disease occurrence was
taken from Ref. [15] and used for comparison. The mean diameter at
breast height (DBH), mean tree height, and number of stocks ha~! of the
trees before and after disease occurrence were compared to determine
the growth loss. Furthermore, the basal area ha—* and volume ha~! were
calculated and computed. The form factor for A. mearnsii (0.4875)
developed by Ref. [30] was taken for volume calculation for this study.
The volume production before and after disease occurrence was calcu-
lated, and the volume of A. mearnsii ha~! obtained before disease
occurrence was deducted from the volume of A. mearnsii ha™! acquired
after disease occurrence, with the negative difference considered pro-
duction loss. Finally, to calculate economic loss, volume loss ha~! was
transformed into charcoal production using [15] conversion factor
under a traditional mound kiln process, and then converted to Ethiopian
birr (ETB) based on the October 2023 market situation. From 1 m®
volume of A. mearnsii piled wood, an equivalent of 187.6 kg and 199.37
kg of charcoal can be produced for 4.5- and 5.5-year-old plantations
respectively [15]. Furthermore, a single sac of charcoal weighing 6.5 kg
was sold by 100 ETB. Therefore, the financial loss per single hectare can
be determined by multiplying the total amount of volume loss ha™*, with
respective conversion factors for both ages and with the current price of
charcoal sac ™! (6.5 kg in mass). Mathematically,

Fl= VI*cf*P
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Where: Fl = financial loss ha™!, V1 = loss of volume ha™l, c¢f = con-
version factor, and P = the current average price of charcoal sac™!
(usually 100 ETB).

The T-test was used to compare the growth and production of
A. mearnsii before and after disease occurrence. In addition to this, data
related to an employment opportunity and the discounted income
generated in the whole production chain was analyzed and interpreted.
R-software version 4.3, with different R-packages, was used accordingly
for analysis.

3. Result and discussion
3.1. Land ownership and Acacia mearnsii planting trend of farmers

The average land ownership size of respondents in the Fagita Lekoma
district is 1.57 4 0.64 ha, with a minimum of 0.125 ha and a maximum
of 3.75 ha, including rented land (Table 1). Most (99.3 %) of the sampled
respondents planted A. mearnsii trees from their introduction before
disease occurrence with an average planting round of 2.16 =+ times [4],
while only a few (0.7 %) respondents didn’t. This meant that the com-
munities relied on tree plantation-related activities, which is the precise
method of livelihood subsistence now. Their plantation size ranges from
0.125 to 1.5 ha, with an average area of 0.57 + 0.23 ha (Fig. 2). The size
of woodlots showed a significant difference among respondents
(p-value = 0.000), hence it was determined by the total land ownership
and family size, suggesting that respondents having large total land sizes
have allocated relatively large areas for A. mearnsii plantation. Similarly,
as family size increased, there was a better chance to perform different
tree cultivation-related tasks on time [4]. Farmers rented land mostly for
the cultivation of A. mearnsii with cash payments or sharecropping, and
to some extent, for annual crop production. Some innovative and pro-
gressive farmers, urban dwellers, local experts, and brokers also rented
land from relatively poor social groups and households with a smaller
active labor force per family size, for charcoal production. Land renting
was a good business in the study area pre-disease occurrence, while its
value gradually and consistently started reducing post-disease
occurrence.

About (33.57 %) of the growers had their own nursery sites and
produced seedlings for their own plantation and the local market, while
the remaining (66.43 %) obtained seedlings through purchase.

3.2. Production loss of Acacia mearnsii due to Uromycladium acaciae
disease

3.2.1. Growth loss of A. mearnsii after disease occurrence

The occurrence of U. acaciae disease had a significant impact on the
growth and productivity of A. mearnsii in the study area. Fig. 3a and b
present the variation in mean height and diameter at breast height
(DBH) of A. mearnsii plantation woodlot in the study area before (2019)
and after (2023) pest occurrence.

The height and DBH of trees aged 4.5- and 5.5-year-old experienced a

Table 1
Land allocation of the respondents.
Description of variables Mean SD
Land ownership (ha) Own 1.38 0.6
Rented 0.58 0.36
Total 1.57 0.64
Area of A. mearnsii plantation (ha) Own 0.46 0.2
Rented/share 0.4 0.2
Total 0.57 0.23
Cropland (ha) 0.7 0.29
Grassland (ha) 0.38 0.17
Other forest land (ha) 0.28 0.08
Home garden (ha) 0.22 0.07

(Field survey 2023).
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Land allocation for A. mearnsii Plantation
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Fig. 2. Average plantation area of A. mearnsii.

decrement of 31.6 % and 22.1 % (Fig. 3a), and 13.6 % and 3.5 %
(Fig. 3b), respectively from normal growth post-disease occurrence.
Such a decrease in both parameters signifies the growth loss and
termination of A. mearnsii production activities, which is most likely
caused by the disease [31].

The rate of reduction in both growth parameters varied according to
the age of A. mearnsii plantation. Younger plantations showed a larger
loss of DBH and height than older plantations as presented in Fig. 3. This
can imply that mature individuals showed relatively better resistance to
U. acaciae disease [32,33]. Moreover, the height loss was higher than the
loss in DBH after disease occurrence (Fig. 3), suggesting the damaging
nature of U. acaciae which strongly affected the apex of host tree species
leading to stunted growth.

The mean DBH of 4.5-year plantation pre- and post-disease occur-
rence was significantly different (p = 0.01). However, there is no sta-
tistical difference between the DBH of a 5.5-year plantation before and
after disease occurrence (p = 0.3292). Moreover, there is a significant
difference between tree height before and after disease occurrence for
both 4.5-year (p = 0.000) and 5.5-year (p = 0.000) plantations
(Table 2). In conjunction with this, the interviews revealed that young
individuals, particularly seedlings at a nursery site and 1- or 2-year-old
plantations at their plantation site, were extremely vulnerable to this
disease and might become lethal. Furthermore, the average number of
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stocks per hectare decreased by 33.3 % and 49.3 % from the tree’s
normal growth at both ages in the same order, which typically exacer-
bated volume loss.

3.2.2. Loss in volume and basal area

The cumulative reduction in both tree growth parameters and the
number of stocks per hectare resulted in a significant change in basal
area ha™! and volume ha™'. The mean basal area ha* of both 4.5- and
5.5-year-old plantations under farmers’ management practice was
reduced by 49.83 % (20.38 m?) and 52.77 % (24.25 m?) of both age
plantations respectively as presented in Table 2. Moreover, the average
volume of both ages was reduced by more than half (66.08 % (140.08
m? ha ') and 63.49 % (161.86 m® ha!)) for 4.5- and 5.5-year-old
plantations respectively per single hectare after disease occurrence
(Fig. 4a). The impact of U. acaciae on A. mearnsii is extremely higher
than the impact of Hymenoscyphus fraxineus, an invasive fungal path-
ogen [34].

3.3. Economic impact of Uromycladium acaciae disease

The incomes of local communities have changed significantly over

Table 2
Description of A. mearnsii growth parameters before and after disease
occurrence.

Tree Tree Mean before Mean after t-test Sig.(2-

growth age disease disease tailed)

parameters occurrence occurrence

DBH 4.5 59+05 5.1 £0.22 —2.98 0.042*

Height 4.5 10.63 + 0.51 7.27 £0.23 -12.09 0.000%***

Basal area 4.5 40.9 + 6.79 20.52 + 2.6 5.707 0.005**
ha™!

Volume 4.5 212.65 + 42.99 73.6 +£10.9 6.38 0.005**
ha™!

DBH 5.5 6.29 + 0.51 6.07 £0.13 -0.85 45"

Height 5.5 11.71 £ 0.48 9.11 £ 0.41 —8.41 0.000%**

Basal area 5.5 45.95 + 7.59 21.7 £1.37 6.34 0.006**
ha™!

Volume 5.5 262.15 + 46.16 97.46 + 6.99 7.15 0.004**
ha™!

Notes: NS = non-significant, significant at (P < 0.05)*, (P < 0.01)**, and (p <
0.001%%**),
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B Mean DBH after disease occurrence
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Fig. 3. Comparison of height (a) and diameter at breast height (b) of A. mearnsii woodlots before and after the disease epidemic.
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the previous two decades since the introduction and expansion of
A. mearnsii for charcoal production. The response of all sampled re-
spondents demonstrated that they diversified their source of income by
charring, and improved their way of life since the expansion of
A. mearnsii plantation in the study site prior to the disease appearance as
stated by Refs. [4,14,24]. As a result, they can adequately feed and dress
their families, pay housing rent for students who studied far away from
their village, pay governmental taxes on time, easily construct their
houses, and so on. [4,24]. Respondents with relatively big plantation
sites had the chance to purchase houses in cities (especially in Addis
Kidam and Injibara), vehicles, and diversify their source of income.
Furthermore, prior to U. acaciae disease occurrence, producers in the
district were able to obtain loans from either the government or wealthy
individuals without any guarantee. The income from A. mearnsii had
been used as a stepping-stone for the majority of the growers prior to the
disease’s appearance.

However, as A. mearnsii plantings were phased out, a gradual change
began. The disease affected both direct and indirect beneficiaries.
Farmers experienced a decrease in total income, limited sources of in-
come, and a considerable reduction in crop yields two years after har-
vesting A. mearnsii, resulting in a loss of land productivity. Furthermore,
access to loans became difficult following the abandonment of plantings,
particularly for people who relied on labor (landless dwellers).
Following the abandonment of planting activity, some respondents
faced indirect expenditures, such as the cost of artificial fertilizer (as per
field survey). Overall, collective pressure puts the communities at risk of
famine and/or food hardship.

The poor (daily workers, charcoal makers, and landless people) are
the most affected social groups. This is primarily due to a lack of alter-
nate sources of income. For subsistence, those groups have only two
options: migration, loans (if accessible), or engaging in criminal acts
such as theft, bribery, looting, pocket lifting, and so on (Yaregal Adamu,
personal communication).

3.3.1. Charcoal and income production after U. acaciae disease

The loss of charcoal and income production was determined in terms
of production loss of A. mearnsii. It is estimated that the average volume
loss was 140.08 m® and 161.86 m® ha™" for 4.5- and 5.5-year plantations
respectively (Fig. 4a). According to Ferede et al., [15], from 1 m° of
A. mearnsii piled wood on average 187.6 kg and 199.37 kg of charcoal
can be produced under traditional earth mound kiln charring process for
4.5- and 5.5-year plantations respectively. In terms of economic value, 1
m® of piled wood from both aged woodlots yields 2886.15 ETB and
3067.23 ETB, respectively. Therefore, loss of 140.08 m® ha™! and
161.86 m® ha! results in the loss of 404,283 and 49,6457 ETB ha™? per

plantation round in the same order (Fig. 4b). Thus, the growers could
incur an average loss of 404,283 ETB (7558.54 USD) from a 4.5-year and
49,6457 ETB (9514.35 USD) from a 5.5-year plantation per single
hectare per plantation round. This output clearly implied that U. acaciae
has a significant economic impact on households, consistent with [35,
36] and, is expected after the abandonment of A. mearnsii planting
activity.

3.4. Woodlot coverage and land-use shift

According to the Fagita Lekoma agricultural office report, the total
area of A. mearnsii plantation was 1508.96 ha in 2017/18, and the total
forest coverage was about 49.4 %, while the total agricultural area in
this year was about 25026 ha. The area of A. mearnsii plantation showed
rapid expansion and reached 2482.55 ha in 2020/21 [4]. Consequently,
the district’s forest coverage increased to 68 %, while the total agri-
cultural land significantly decreased to 8880 ha by 2020/21. However,
post late 2020/21, both the A. mearnsii plantation area and the forest
coverage of the district began to decline, reaching 1350.625 ha and 60.6
% (reduced by 45.6 % and 11.8 %) in 2022/23, respectively (Fig. 5). The
annual reduction of both A. mearnsii plantation area and total forest
cover of the district was by 15.2 % and 3.9 % respectively. Therefore, the
production cycle of the host trees was broken, implying there would be
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Fig. 5. The total area of A. mearnsii plantation, forest cover, and agricultural
land of the district between 2018 and 2023.
Source: FLOA, 2023
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no plantation woodlot for the future and risk to the sustainable pro-
duction of the target trees, which is expected after disease occurrence
and contradicted [4,13,14,20,21,37].

On the other hand, the total agricultural area started increasing since
2020/21 and reached 11751 ha (increased by 24.43 %) in 22/2023
(Fig. 5). The interviews also showed the expansion of cropland after the
abandonment of new A. mearnsii plantings in the study area since the
year that U. acaciae has occurred. When the disease appeared for the first
time in the district, young tree plantations and seedlings at the nursery
site completely died, while established plantations were also exposed to
this devastating disease and became seriously impacted, but not killed.
(Fig. 3). All the sampled respondents stated that their A. mearnsii plan-
tations were highly diminished for the last two or three years because of
the severe impact of disease especially on the seedlings and young
plantations. They also underlined that it is difficult to find A. mearnsii
tree plantations from the district as well as Awi zone after harvesting
existing tree plantations (+4-years old plantations) within the coming
few (2 or 3) years unless any preventive or control measures should be
developed on the government side (survey 2023).

Subsequently, once A. mearnsii plantations were abandoned, the
land-use type underwent a transformation into agricultural land (59.1
%), grassland (29.9 %), and non-A. mearnsii forest land (10.9 %) as
illustrated in Fig. 7. Insights from key informants and focus group dis-
cussions revealed a gradual shift in land-use pattern, initially tran-
sitioning predominantly into cropland for the first one or two years,
followed by conversion into grassland and other forest land. About 26.3
% of the respondents mentioned that they began cultivating Lupinus
albus ("Gibto’ in Ambharic) instead of A. mearnsii to restore soil fertility,
albeit with unsatisfactory economic benefits. The farmers were sup-
posed to plant A. mearnsii tree species for the next plantation round after
harvesting their existing plantations at the time of disease occurrence,
and on average they allocated about 0.48 + 0.24 ha per plantation
round. However, they cultivated annual crops from the proposed land or
the land that was allocated for A. mearnsii plantings. Moreover, the
owners of one- or two-year plantations at the time of disease occurrence
have converted it into another land-use type, and on average about 0.53
+ 0.28 ha of their young plantations were converted due to the severe
impact of U. acaciae.

3.4.1. Loss of charcoal and royalty at district level

Charcoal production from A. mearnsii is the principal farmers’
routine activity not only in the Fagita Lekoma but also in the Awi zone,
Ethiopia [4,13]. Some figures showed that the charcoal production ca-
pacity of the farmers, as well as the district, was progressively increased
from year to year in the study area upon start time. The district’s annual
royalty collection was also enhanced in response to the potential for
charcoal production. The ten-year trend of charcoal production and
royalties in the district exhibited the same result. In 2015/16, the total
annual amount of charcoal production of the district was only about
7211.52 tons, while, this amount of charcoal increased by 88.15 % and
reached about 98786.18 tons in 2020/21. In 2013/14, the total amount
of royalty collected from selling charcoal was +2.19 million ETB at a 10
% rate of collection. Such amount of royalty was also progressively
increased by 66.5 % until 2020/21 and the total amount of royalty of the
district in this year reached +61.1 million ETB with a 10 % collection
rate (Fig. 6). However, starting from late 2020/21, both charcoal pro-
duction and the total annual amount of royalty of the district experi-
enced a notable decrease of 33 % and 19.3 %, respectively, at an
accelerating rate (see Fig. 6). For instance, the district’s charcoal pro-
duction dropped by 16.34 % in 2021/22 and by 49.69 % in 2022/23 and
the total royalty witnessed a reduction of 12.87 % in 2021/22 and 25.72
% in 2022/23 (Fig. 6), despite the collection rate was increased by 3 %
since 2021/22 (reaching a rate of 13 %) (FLOA, 2023). These findings
indicate since late 2020/21, both charcoal production and the associ-
ated royalty collected have been steadily declining. Key informants
expressed concerns that the amount of charcoal production and the
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Fig. 6. Ten-year trend showed the total amount of charcoal production and
royalty collected on A. mearnsii plantations per year in the Fagita Lekoma
district.

Source: FLOA, 2023.

associated royalty collection would be entirely abandoned within a short
period. The major reason was the consistent decline in A. mearnsii
plantation area following disease damage.

3.4.2. Employment loss after disease occurrence

Acacia mearnsii production-related activity requires high manpower
starting from seedling production up to the final charcoal production
and distribution phase. There are various value chain participants in the
entire production system who are directly or indirectly active in creating
equal job opportunities, notably for landless and youths, and ensuring
gender balance (Fig. 7a). The direct beneficiaries and participants in
A. mearnsii plantation-related activities were mainly the producers, daily
workers (laborers), charcoal makers (experts), charcoal lifters into the
sac (mainly teenagers), loaders/unloaders, transporters, distributors,
retailers, end users, and brokers. The interviews showed that relatively
poor social groups (daily workers, landless, females, and charcoal pro-
ducing experts) were among the most benefited and affected groups by
the abandonment of plantation-related activities; thus, their primary
source of income was entirely dependent on A. mearnsii-related activities
with no alternative income sources.

This implied that A. mearnsii smallholder plantations in the study site
have enhanced the way of life of local populations, and following the
termination of tree planting activities, relatively poor social groups were
put at risk of sustenance [2]. In addition, there were indirect benefi-
ciaries associated with A. mearnsii tree plantation-related activities, such
as sac producers and traders, razor and string vendors, and polythene
tube and straw suppliers.

However, after the abandonment of A. mearnsii production activity,
all the above-mentioned beneficiaries started to be affected strongly. It is
estimated that the equivalent total manpower required for the whole
value chain per a single hectare was about 780 people per day. That
means the loss of a single hectare of A. mearnsii plantation woodlot can
make about 780 man-days labor opportunity ha™! to be unemployed in
the local plantation and charcoal production nodes only, suggesting the
laborers will be forced to engage in different illegal activities.

4. Conclusion and recommendation

Uromycladium acaciae can reduce the growth of A. mearnsii trees and
kill them when left uncontrolled. The productivity and growth of
A. mearnsii were significantly diminished, which has broken the sus-
tainable production of host trees in the study area. The damage level of
U. acaciae disease was more severe on height growth than Diameter at
Breast Height (DBH). The occurrence of U. acaciae on A. mearnsii
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Fig. 7. Picture showing equal participation of women (a) and men (b) in A. mearnsii-related value chain activities.

(Source: Field survey, 2023)

production has resulted in a risk of energy shortages to charcoal relaying
communities and possible impacts on natural forests following the
abandonment of new tree plantings.

The annual income of tree growers as well as the royalty of the dis-
trict was significantly altered after the termination of A. mearnsii tree
plantings in the study area. The land-use type of the study area also
started changing mainly into cropland, while the crop yield still expe-
rienced reduction due to loss of soil fertility.

As a result, when planting new tree species, risk assessment studies
and susceptibility trials against potential diseases and insect pests are
recommended. It is advised that studies on effective management and
control approaches should be intensified against this disease occurrence.
The use of fast-growing and non-target tree species like A. decurrens
should be commenced to tackle the possible challenges encountered
after the abandonment of A. mearnsii plantings. Silvicultural treatment
and tree improvement activities are also suggested to ensure the sus-
tainability of the production system. Cultivation of mixed trees rather
than mono-cropping is highly recommended to prevent species-specific
disease in a long-run to reclaim socio-economic and environmental loss.
Furthermore, mixed rotation planting tactics (short-, medium-, and
long-term rotations) should be implemented to improve and sustain
community livelihoods. It is necessary to create awareness and instruct
tree growers on the management and control strategies against
U. acaciae disease. Further studies into the environmental impact of
U. acaciae disease occurrence on A. mearnsii should be conducted.
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