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Abstract

Ethiopia has made significant efforts to rehabilitate and restore degraded lands. However, these initiatives have been
hindered by low soil fertility and extreme environmental events, such as seasonal frost. Reports indicate that frost is a
major factor contributing to seedling mortality in the highlands. This study aimed to investigate farmers’tree preferences
and traditional frost management practices in degraded, frost-affected highlands of central Ethiopia. The study was con-
ducted in four purposively selected frost-prone districts (woredas) in the Amhara regional state: Dessie Zuria, Legambo,
Menz Gera, and Menz Mama. A total of 202 households were sampled using a simple random sampling technique, based
on the list of taxpayer households available at each site. Primary data were collected through household surveys using
structured questionnaires and focus group discussions (FGDs). The most commonly grown tree species by farmers were
Eucalyptus globulus (55.0%), Cytisus proliferus (20.0%), and Cupressus lusitanica (9.4%). Farmers prioritized tree attributes
such as multipurpose use and fast growth (43.5%), and tree products like poles and construction materials (68.5%).
Seasonal frost was identified as the primary cause of seedling mortality (59.4%), followed by drought (10.7%) and free
grazing (8.5%). For frost management, farmers predominantly used mulching (33.5%), followed by hoeing and watering
(24.1%) and plant cover (21.5%). Key variables, including district (P=0.000), sex (P=0.002), education (P=0.044), and
social status (P =0.045), were found to have significant positive associations with farmers’ frost management practices.
To enhance these efforts, farmers’ existing practices should be optimized, and alternative frost management strategies
should be developed, tested, and scaled up in various frost-prone areas.

Keywords Highlands - Planting niche - Seasonal frost - Seedling mortality - Species preference - Traditional practices

1 Introduction

Deforestation and forest degradation are global problems that impair the provisioning of ecosystem services of
forests and significantly affect global biodiversity [1, 2]. They are also major sources of carbon emissions, negatively
impacting food insecurity and human wellbeing [3, 4]. In response to habitat degradation and conversion, many
countries have committed to restoring 350 million hectares of degraded landscape under forest landscape restora-
tion by 2030 as outlined in the Bonn challenge and the New York declaration of forests [5].
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In the Ethiopian highlands, the alarming rate of population growth, agricultural land expansion, and high depend-
ence on biomass energy are the most important direct drivers of deforestation and forest degradation [6-8]. These
issues, along with unbalanced crop and livestock production and severe soil loss [9] are fundamental causes of land
degradation in the area [10]. Additionally, topography, soil types and agroecological parameters play significant roles
in the degradation processes [11]. Deforestation and land degradation are reducing the capacity of forests and the
land to contribute to food security and provide other benefits, such as fuelwood and fodder [9].

Restoration of degraded forests and lands in Ethiopia employs diverse strategies, including various forms of agro-
forestry, and reforestation and afforestation including area closure/ex-closure [6, 12]. However, the success of these
efforts has been compromised by soil infertility, environmental stresses (such as drought and frost) and improper
tree establishment and management techniques.

Extreme environmental conditions such as high temperature, frost, low humidity and desiccating winds are the
primary causes of failures in afforestation and reforestation activities in the country [13]. Plants growing in the field
are habitually exposed to several environmental stresses [14] particularly those affecting water availability and
temperature, which determine their growth and development [15]. The ability to withstand environmental stresses,
therefore, becomes the limiting factor for plant growth, survival, and geographical distribution. Woody plants in the
alpine life zone and in the tree line ecotone frequently exposed to conditions that can result in frost damage [16].

Therefore, to make the afforestation/reforestation efforts successful, improving seedling establishment and man-
agement techniques in degraded, frost affected highlands is crucial. Additionally, before examining different man-
agement practices at the field level, it is important to assess, document and incorporate traditional farmers’ practice
on frost management. The objective of this study was to assess and investigate farmers’ tree needs and traditional
seasonal frost management practices in frost affected, degraded highlands of central and northeastern Ethiopia.

2 Materials and methods
2.1 Description of the study area

This study was conducted in the central highlands of Ethiopia particularly in two administrative zones namely South
Wollo and North Shewa. Similarly, in each zone two districts were selected for the study. Finally, four frost-prone
kebeles (smallest administrative unit) were selected from the four districts. The name of the districts is Dessie Zuria,
Legambo, Menz Gera and Menz Mama (Fig. 1).

2.2 Sampling design and data collection

The sampling design and data collection methods were adopted from [17]. For this study, administrative units (zones,
woredas and kebeles) that are characterized as degraded and frost-prone highlands were selected by using multi-
stage sampling strategy, in the first stage, zones, districts and kebeles were selected via purposive sampling while
individual participants were selected by using systematic random sampling [18]. To assess tree needs and traditional
practice of farmers on seasonal frost management both primary and secondary data sources were used. The sec-
ondary data were collected from published and unpublished material (reports, scientific studies etc.) and primary
data were collected through household survey, interviewing the head of the household with structured questioner
(the approach is approved through proposal review forum of the plantation forestry research directorate, Ethiopian
Forestry development Central Ethiopia Center), and focus group discussion (FGD).

A total of 202 (171 male and thirty-one female) households, were sampled following simple random sampling
technique by using the list of taxpayer households of the kebele, so that all sample household would have equal
chance of being selected. In addition, focus group discussions were held to verify and proof farmers’ tree needs, and
traditional frost management techniques.
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Fig. 1 Map of the study area

2.3 Data analysis and interpretation

The qualitative and quantitative data were analyzed by employing descriptive statistics, such as such as mean, per-
centage, frequency, and standard deviation in IBM SPSS statistical software version 25 [19].

3 Results and discussion
3.1 Demographic and socio-economic characteristics of the household

Among the respondents, 84.7% were male household heads, and 15.3% were female household heads. The average
family size of the respondent was five, and the average age of the sampled household heads was ~ 44 years. Most
of the respondents attended primary school (42.6%), while some were illiterate (23.8%) or had informal education
(19.3%). Agriculture is the major economic occupation of the area, characterized by a mixed farming system that
includes growing crops, rearing animals, and cultivating trees. Land was a major fixed asset for the farmers, with
the mean, maximum and minimum land holdings of the respondents being 0.86 ha, 6.75 ha and zero, respectively.
Households owned domestic animals, including cattle, sheep, goats, chickens, and others. The average livestock
holding of the sampled households was 10.93 Tropical Livestock Units (TLUs).
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3.2 Experience of farmers on tree planting activity

As shown in Fig. 2, all respondents were aware of tree planting activities in their locality. However, their firsthand expe-
riences with tree planting, grading seedlings for frost, and protecting plated seedling from frost varied significantly.

The results show that the majority of respondents had experience planting trees in various parts of their farms. This
finding aligns with several studies that reveal individual farmers have been participating in tree planting activities and
planting marketable exotic species on their lands [12, 20] for different purposes [21]. A small number of respondents
did not plant trees on their farms due to a shortage of land, tenure insecurity and lack of planting material.

Furthermore, Eucalyptus globulus, Cytisus proliferus, and Cupressus lusitanica are the major preferred tree spe-
cies in the study area (Fig. 3). The highest preference for Eucalyptus globulus among smallholder plantations is due
to the species meeting the increasing demand for construction material and fuelwood [22]. Several studies have
also reported that Eucalyptus tree species are the most preferred and widely planted tree species in the world due
to their ease of establishment [23-25], wider adaptability and ecological range [24, 26], good survival and growth
rate [26, 27], simple management requirements [27, 28], multiple products, and associated market. In line with the
present study [29], it was reported that Eucalyptus globulus is the most widely planted tree species in Gonder Zuria
district, accounting for more than 90% of the total number of trees of the district.

Additionally, as shown in Table 1, home gardens/ homesteads followed by farmland boundaries and other areas,
were the most preferred niches for tree planting. This finding aligns with various research reports that confirm that
home gardens as common planting niches where farmers manage woody species in combination with annual crops
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Table 1 The main niche where The main niches of tree planting Responses
the farmers grow trees
N Percent (%)

Home garden 137 50.9

Crop field 16 5.9

Boundary planting 63 234

Other 53 19.7

Total 269 100.0

and vegetables [30-34]. Furthermore, a study in Rwanda [35] reported that in two sites across three farm types
(wealthier, moderate, and poor), the number of trees and tree species was higher in woodlots than in cropland for
both sites and farm types. The preference for tree planting in home gardens and farmland boundaries is primarily
due to land shortages [36, 37] and the need to protect trees from free grazing [34, 38].

Regarding the source of planting material (Fig. 4), respondents explained that they mostly (51%) obtained plant-
ing material from government-owned nurseries. However, farmers also produced a substantial number of planting
materials themselves (40%) and used some from other private nurseries (9%). The result showed that, in the study area
and elsewhere in the country, the government is the dominant nursery owner and tree seedling producer. Similarly,
a study reported that in eight woredas of the Oromia region, government agencies are the main seedling produc-
ers and nursery owners, followed by non-governmental organizations and individual farmers, with proportions of
62.5%, 20% and 17%, respectively [39].

Other studies in Asia have [40-43] reported that nursery operations for afforestation and reforestation activities
are owned by government agencies, non-governmental organizations and private entities (individuals and groups).
However, a study in Kenya [44] reported that private nurseries and wildings are the primary sources of seedlings for
smallholders, rather than state or government nurseries. It also revealed that the proportion of individual farmers
producing seedlings in their own nurseries is smaller compared to private nurseries.

The lower engagement of individual farmers in nursery production compared to the government may be due to
various constraints, such as a shortage of land for establishing nurseries [45] financial constraints, lack of sufficient
materials and low seed quality, and lack of market access [39]. Therefore, the results of the present study imply that
encouraging farmers to produce seedlings in their own nurseries can strengthen the provision of seedlings for affor-
estation and reforestation activities.

Fig.4 The main source of
planting material

® Govermental
organization

® private seedling
producer

® your own nursery
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3.3 Farmers’ preference of tree product and services

As shown Table 2, multiple products and uses, fast growth, and drought resistance were the most preferred attributes of
trees in the study area. Farmers’ preferences and interests in tree utilities and special attributes have reported in Ethiopia
[34, 46] and elsewhere in Africa [35, 44].

The results also indicated that the majority of the households planted trees for the production of poles for construc-
tion, fuelwood, and fodder (Table 2). Smallholder farmers in developing countries demand different product and services
from trees with various attributes.

3.4 Causes of seedling mortality

All households were aware of tree planting activities in their locality (Fig. 2). The results indicated that the major causes
of seedling mortality in the study area are seasonal frost, drought (moisture stress), free grazing, and inappropriate spe-
cies site matching (Fig. 5). Seasonal frost was identified as the primary cause of seedling mortality, followed by drought
and free grazing. In line with the present study, various reports have indicated that environmental stresses such as frost,
drought, and inadequate soil nutrients are the main determinants of seedling survival in the field [12-16, 45]. Additionally,
different studies have revealed that frost is one of critical environmental stresses affecting the growth and distribution
plants in higher altitudes [45-48].

3.5 Seasonal frost occurrence, impact, and its management

The present study indicated that frost in the study area occurs in a bimodal pattern, with the first frost season from
October to December and the second from May to June. Regarding susceptibility of planted seedlings, most respond-
ents (Table 3) pointed out that the majority of planted tree seedlings were lost within the first six months after planting.
This is because, in the early stages of plantation, seedlings are exposed to various environmental stresses. Although low
temperatures coupled with frequent frost events limit growth and regeneration at all plant life stages, seedlings are
more susceptible to damage.

Studies in Mediterranean area have reported that frost is a limiting factor for seedling survival [45]. Another
study of frost tolerance conducted in both laboratory and field basis [47] has reported that seedlings of both alpine

Table 2 Farmers’ preference of tree attributes products and services in the study area

Tree product and services Frequency Valid
percent
(%)
Fuel wood 36 183
Fodder 14 7.1
Soil fertility and erosion control 8 4.1
Fruit 2 1.0
Poles for construction 135 68.5
Medicine 1 0.5
Others 1 0.5
Total 197 100
Attributes of tree Frequency Valid
percent
(%)
Drought resistant 41 14.0
Fast growing 121 414
Easily established 3 1.0
Multiple use 127 43.5
Total 292 99.9
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species and their lowland counterparts show lower tolerance than adults. This is due to the difficulty of recovery via
undamaged belowground organs, as seedlings have low accumulation of dry matter in the roots necessary to cope
with unfavorable conditions. Conversely, other studies have reported that the percent of leaf damage significantly
increases from small to medium to large saplings [46]. This implies that the highest care must be given to the planted
seedlings in the first six months to one year.

In addition to seedling stage, there are also differences in susceptibility among specific planting sites (Table 4).
The present study indicated that tree seedlings planted on degraded lands were most susceptible to frost damage,
followed by those on grazing/grasslands. The highest susceptibility of seedlings to frost damage in degraded lands
may be due to limitations in water and nutrients [49]. Moreover, topography, soil type, nutrient status of soil, and
the presence of soil cover are reported as major site factors determining frost damage [50].

As shown in Fig. 6, mulching, stone/wood fencing, plant cover, and other practices like hoeing and watering were
the major frost management practices of farmers in the study area. Mulching was the most common frost manage-
ment practice employed by farmers, followed by hoeing and watering, and plant cover. In agreement with the pre-
sent study, it has been illustrated that passive protections are usually implemented before frost; these include plant
and soil cover, managing chilly air drainage, plant nutritional management, and plant painting and wrapping [50].
Therefore, the management practices mentioned by all respondents fall under passive frost protection.

Mulch refers to material spread or left on the soil surface as protective layers, weather organic or inorganic, loose
particles or sheets [51-53]. Since the late 1930s, mulching has received serious study as an environmental modifica-
tion in forest, agriculture, and landscape applications. For instance, plastic cover/mulch is often used to warm the
soil and increase protection [50].

Regarding planting time, management interventions for planted seedlings, and farmers’ preferences and their
recommendations about frost tolerant tree species are presented in Fig. 7. Most households responded that tree
planting activities in the study area were started at the beginning of rainy season. However, these activities were
also sometimes performed in the middle and at the onset of the rainy season.

Furthermore, the results show that managing out planted seedlings through watering/irrigation, manuring, and
fertilization has been a common management intervention implemented by farmers (Fig. 7 right). This result is also
supported by other studies [54], which report that various types of management practices, such as fencing and water-
ing, mulching, clean spot weeding and applying organic fertilizers, significantly enhance the survival and growth of
tree lucerne in planting sites.

As shown in Table 5, the experience of farmers in protecting their out-planted seedlings from frost damage through
different management options showed direct and significant associations with some selected independent vari-
ables. For instance, variables such as woreda, sex, social status, and education level showed significant associations
with the dependent variables of farmers’ experience in protecting their out-planted seedlings from frost injury. This
implies that, prior to capacity-building interventions in the study area, the sex, educational, and social status of the
target group should be considered.
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Table 4 Plant.ing area/sites Planting areas most susceptible for frost damage Responses
most susceptible for frost
damage N Percent (%)
Around homestead 2 0.8
Degraded hillside 165 63.7
Cultivated land 5 1.9
Grazing/grass land 42 16.2
Other areas that are susceptible to frost 45 17.4
Total 259 100.0
Fig.6 The major common )
farmers’ frost management 40.0%
practices 35.00/0
30.0%
25.0%
= 20.0%
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Fig. 7 Time of tree planting (left) and the main management intervention (write)

planting time

4 Conclusions and implications

This study investigated farmers'tree requirements and traditional seasonal frost management practices in 202 house-
holds located in frost-affected, degraded highlands of central and northeastern Ethiopia. The findings revealed that
frost was the primary cause of seedling mortality in the study areas, particularly affecting seedlings less than 1 year
old. The impact of frost is more severe on degraded lands. Farmers employ several practices to protect seedlings from
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Table 5 Association of fa.rmer Variables Category DF Chi-square value (X3 P value
frost management experience
with selected independent Districts 0=Dessie Zuria 3 27.02 0.000
variables
1=Leg ambo

2=Menz Gera
3=Menz Mama

Sex 0=female 1 9.2 0.002
1=male

Age class 0<45 2 0.39 0.531
1245

Education O=illiterate 1 4.1 0.044
1=literate

Social status 1=religion leader 3 9.76 0.045
2=Kebele admin
3=ordinary
4 =other

Family size 0<4 2 5.4 0.069
1=4-8
2>8

Landholding 0<1.5ha 2 0.005 0.944
1=1.5-3 ha
2>3ha

Livestock holdings 0<10 1 14 0.245
1210

frost, including mulching, hoeing, watering, plant cover, and constructing stone or brushwood fences. Additionally,
factors such as planting niches, tree species, and the size and quality of planting materials play a significant role in
determining the extent of frost damage in frost-prone areas.

The findings highlight that the success of forest development, land restoration, and tree planting activities requires
careful attention to site selection and planting times. While frost frequently affects seedlings younger than one-year,
intensive monitoring during the early growth stages is crucial. Furthermore, optimizing and scaling up farmers’ tradi-
tional frost management practices, alongside the introduction and adoption of new techniques, is essential. Future
interventions and capacity-building efforts should also consider the gender, social, and educational backgrounds of
target groups across different woredas to ensure effective implementation and equitable outcomes.
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