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ABSTRACT KEYWORDS
The growth of farmer-managed tree seedlings (FMTS) is pramount to Homesteadj plot voll{me
impact agroforestry technology adoption. This paper presents the index; survival; watering

performances of FMTS of 3 avocado varieties (Hass, Ettinger and frequency
Fuerte) and one papaya variety (Solo) in three districts (Dugda,
Adamitulu, and Lome). Thirty-six trials were established (12 trials per
district) in 36 homsteads selected purposively. Each homestead was
considered as a block in RCBD. Watering frequency was found higher
in Dugda than the remaining districts. Seedling survival exhibited
significant differences (a<0.05) among varieties with in and across
districts. Survival of Solo papaya was significantly higher (a<0.05) at
Dugda (91%) than in Adamitulu and Lome. Hass avocado reveled
significantlly higher survival (91%) at Dugda than Ettinger and Fuerte
across districs. Significant differences in Plot Volume Index (PVI, an
integrative growth measurement) among varieties within and across
districts indicated that seedling growth was influenced by variety,
planting site and, watering fequency. PVI of Hass at Dugda was sig-
nificantly higher (by 35% and 110%) than that of Ettinger and Fuerte,
respectively. PVl of Solo Papaya at Dugda was significantly higher
(0<0.05). Hass was found promising avocado variety for planting loca-
tions considered, and frequent watering was found crucial for good
growth of the tested plant varieties.

Introduction

Evaluating the performance of farmer-preferred tree seedlings in homestead trials
enables researchers to embed research in development initiatives. Participatory home-
stead trials provide the context for collaboration between farmers and researchers,
allowing researchers to get a deeper understanding of agroforestry technologies that
are context-specific and scalable. Agroforestry tree seedlings distributed to farmers take
up a major share of annual tree planting campaigns in Ethiopia. The standard practice
for scaling up the use of trees on agricultural landscapes in Ethiopia has been to
produce tree seedlings of a few species, distribute them to farmers, and mount large
tree planting campaigns. This approach has weaknesses in that it fails to match the
species with farmers’ specific needs and interests and does not recognize the context-
specificity of tree preferences and expected performance. Nor does it maintain or
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increase the diversity of trees in farmlands (Derero et al. 2021). Seedlings distributed
through tree planting campaigns in Ethiopia are not preference-based, their field
performance is not well investigated, and their outputs are not documented. As
a result, there are limited recommendations on agroforestry technologies specific to
the context, and this has greatly hampered adoption and scaling up efforts nationally.
Performance evaluation of farmer-managed tree seedlings is a research endeavor that is
rarely attempted in Ethiopia.

Homestead trees support forest conservation by providing an alternative source of
wood and non-wood products to reduce further forest extraction. Agroforestry tech-
nologies fitting to farmers’ circumstances facilitate adoption and assist in the realiza-
tion of scaling-up objectives. Farmers’ willingness to grow trees depends on their
perceived advantages. The choice of trees to cultivate is also based on households’
knowledge and preference for tree-growing patterns (Hailemariam and Biadglign
2018). Farmers’ tree priorities and perceived use of trees were studied in semi-arid
Ethiopia to follow context-specific approaches in scaling up agroforestry technologies.
Farmers elicited a high diversity of tree species suitable for each niche, and they
preferred to plant fruit tree species mainly at homesteads (Derero et al. 2021). By
taking local environmental knowledge and preferences into consideration,
a participatory approach helps to identify tree species for selection that can meet
both social and environmental needs (Jun et al. 2015). Equally important to knowledge
on farmers’ seedling preference is information on the field performance of farmer-
managed tree seedlings in homestead trials to bring success in the adoption of
agroforestry technologies. However, agroforestry technologies emanating from on-
station evaluation mostly lack feasibility when implemented under farmers’ circum-
stances. Farmer-to-farmer exchange of information is crucial to improving perfor-
mance and can be facilitated by collating and analyzing performance data across
contexts (Sinclair and Coe 2019; Derero et al. 2021). Thus, systematic evaluation of
tree seedlings under farmers’ management would contribute to narrowing the gap in
efficacy of trials carried out on-station and on-farm.

Semi-arid areas in Ethiopia are characterized by low tree survival, especially for tree
species preferred by local communities. An understanding of which tree species is
suitable for which ecological context and knowledge of what management practices
enhance tree survival are paramount to bring success in homestead tree planting.
Mulching, watering, and planting niches were seedling management options identified
as significant to tree survival in semi-arid Ethiopia (Magaju et al. 2020). On-station
research in different parts of semi-arid Ethiopia recommended the suitability of
different fruit tree varieties for a range of locations. For instance, the avocado varieties
Pinkerton and Bacon were recommended as suitable for the semi-arid Raya Valley
(Haile et al. 2022). Fuerte, Bacon, and Hass avocado fruit tree varieties were recom-
mended for avocado producers in the midland agroecology of Guji Zone, in the
southern part of Ethiopia (Aschalew et al. 2021). Ettinger, Hass, and Fuerte performed
better as compared to other cultivars and hence were recommended for the Tepi area
in south-western Ethiopia (Shamil 2023). Nevertheless, all these trials were carried out
on-station, and their outputs contribute only to commercial producers and not to
homestead agroforestry development.
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Nationally, there is limited information on the performance of farmer-managed
tree seedlings at homesteads. This has heavily hindered the adoption and scaling-up
efforts of agroforestry technologies. There is also a need to assess the performance of
tree seedlings under local-level risk factors and identify successful practices for
further scaling up. In this study, it was hypothesized that fruit variety, planting
site, and farmer management are impacting seedling growth and survival at home-
steads. Therefore, the objective of this study is to evaluate the growth and perfor-
mance of farmer-preferred fruit tree seedlings in participatory homestead trials
established in three selected districts of Adamitulu, Dugda, and Lome in semi-arid
Ethiopia. The study also explores the role of different watering schemes on seedling
performance across study sites. The results of the study will provide baseline infor-
mation and insight to assure the success of homestead practices that are considered
locally fitting and would contribute to the streamlined extension and scaling up of
these practices to other areas with similar contexts.

Materials and methods
Site description

Participatory homestead trials were established in three sites, corresponding to the
three districts of Adamitulu, Dugda and Lome that are found in semi-arid East Shoa
Zone (Figure 1). These sites are located within the Central Rift Valley region of
Ethiopia. East Shoa zone lies between 38°57' and 39°32' E and 7°12' and 9°14'N. The
zone has an average altitude of 1600 m a.s.l, and the sites receive a mean annual
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Figure 1. Map of homestead trial sites.
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rainfall of 750-900 mm and have a mean annual temperature of 21°C (Endale et al.
2017). The major types of soil in the study area may be categorized into Andosols,
Vertisols, Cambisols, Regosols, Luvisols, Phaeozems and Fluvisols. Natural vegetation
combines Acacia woodland and savannah. The trial plots were farmers’ homesteads
within the three districts. The general physical description of the trial homestead
plots is summarized in Table 1.

A vparticipant farmer was provided with nine seedlings of avocado (3 from each
variety) and ten seedlings of solo papaya as a treatment package. Improved planting
materials of avocado and papaya that were grown on 12cm and 10cm diameter
polyethylene tubes, respectively, were purchased from licensed fruit tree nurseries.
Seedlings were planted in a 30 cm wide and 40 cm deep planting pit at homesteads in
the rainy season of July 2018. Moisture-repellent tags were used to differentiate
avocado varieties at the planting stage and to ensure that the same seedling material
was delivered to all farmers in the experiment, and the same protocols were imple-
mented in each homestead. A total of 36 participatory trials were established in
July 2018 at the selected homesteads in the three districts. The treatment package
was replicated at 12 homesteads in each district. The selection of homesteads was
participatory and in consultation with district development agents. The fruit varieties
considered in the trial are those that were identified as farmers’ priorities in previous
preference studies by Derero et al. (2021). Selection criteria for homesteads were
availability of water sources (hand-dug wells), preference of farmers to plant fruit
tree seedlings, and willingness of farmers to manage seedlings by watering, hoeing,
and mulching. The thirty-six homesteads (12 from each district) fulfilling the selec-
tion criteria were thus purposively selected for trial implementation, and this has
made the trials more economical and manageable. Seedlings were planted in
a pattern (either in a row or on a plot) that harmonized with the available space
in homesteads. There are differences in size and condition of available space and
mostly there is a risk of free grazing to these spaces in rural homesteads. Hence, the
trials were established on homestead corners or patches where seedlings would be
less exposed to cattle intrusion and subsequent browsing. The majority of these
spaces were used for growing vegetables and dumping organic fertilizers like cow
dung. The planting space for avocado and papaya seedlings was 5m and 3 m,
respectively. The fruit varieties dispatched to homesteads were considered as treat-
ments and their seedlings were the experimental units. Seedlings were then rando-
mized before planting in the available space at homesteads. This arrangement would
make a given farmer’s homestead a block. A block is then replicated to twelve other
homesteads with in a district. This randomized complete block design (RCBD) was
used as experimental design to handle the resulting 4 fruit varieties and 3 planting
sites factors combinations. Some pictures during seedling dispatch and trial estab-
lishment are presented (Figure 2).

Tree growth, survival, and seedling management data, such as the frequency of
watering, were collected seven months after planting. Saplings were also measured
for height, collar diameter, and survival rates two years after planting. Survival and
growth data two years after planting were integrated into a plot volume index (PVI)
by multiplying the mean root collar diameter squared by seedling height by the
number of surviving seedlings per block (Marx et al. 1977; Castellano and Trappe
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Figure 2. Seedling dispatch and trial establishment at selected homesteads.

1985). Growth and survival data were subjected to the analysis of variance (ANOVA)
to see if the observed mean differences were significant and real. SPSS and descrip-
tive statistics were employed for data analysis.

Results
Seedling watering schemes

As stated in the methods section homesteads for trial implementation were selected
purposively and fundamental criteria for selection of homesteads was willingness of
farmers to plant fruit trees and availability of water source like hand dug wells for
watering seedlings. In the beginning farmers agreed to carry out seedling watering of
all the trials weekly. Seven months after planting, it was observed that farmers had
provided seedlings with uniform seedling management practices like moisture reten-
tion structures i.e. micro basins and mulching. However, there were observed differ-
ences in frequency of seedling watering at the attended homesteads. According to the
responses of farmers in the selected districts seedling watering was carried out in the
following three watering schemes: (1) daily; (2) weekly; and (3) bi-weekly (once every
two weeks).

It was learnt from respondent responses that at Dugda site 58% of the participant farmers
carried out seedling watering daily, 17% bi-weekly and 25% weekly (Figure 3). Respondents at
Adamitulu mentioned that they did seedling watering either weekly (58% of the attended
homesteads) or bi-weekly (42% of the attended homesteads). At Lome site all the three seedling
watering schemes were carried out and farmers did watering either bi-weekly, daily or weekly
(Figure 3). As it will be seen later better seedling survival is recorded in sites where there is daily
seedling watering scheme.

Seedling survival

The survival values of the avocado tree varieties significantly differ within and across
locations at seven months (Figure 4). The survival of Fuerte was significantly lower
than the two other varieties at all locations, with an average survival rate of 66%,
34%, and 33% for the Dugda, Adamitulu, and Lome sites, respectively. Hass exhib-
ited a significantly higher (a<0.05) survival than Ettinger and Fuerte at all planting
locations, revealing the highest mean survival value (97%) at Dugda (site where daily
seedling watering was dominant). The survival of Ettinger averaged 81%, 72%, and



FORESTS, TREES AND LIVELIHOOD 7

80 - 0O Daily
K Weekly
= 60 58_% 58%"‘ 57% @ Bi-weekly

<3 \42% ﬁ
2w 40 ' \ 33%
&% o N
X % et 25% \ %

2 20 - j17% \ \g
\\‘\x \ 10%%

0 fi:t& & -:-:;:‘-& .

Dugda Adamitulu Lome

Figure 3. Seedling watering schemes at homestead trials.
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Figure 4. Mean survival of tree seedlings at homesteads seven months after out planting.

67% at Dugda, Adamitulu, and Lome, respectively. The differences in survival values
of Ettinger across locations were found to be highly significant, with the highest
value as stated at Dugda.

The survival of Solo papaya at Dugda (93%) and Lome (78%) was found to be
significantly higher (a<0.05) than in Adamitulu, but differences between Dugda and
Lome were not significant (Figure 4). As Dugda was the site where seedling watering
was done every day by most, this could indicate that intensive seedling watering has
a positive effect on the survival of tree seedlings. The survival of Solo papaya was the
least (49%) at the Adamitulu site, where daily seedling watering is non-existent.

The survival of planted seedlings 2 years after out planting is very similar, with
a very low decrease in survival value for all fruit tree varieties (Figure 5).
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Figure 5. Mean survival of tree seedlings at homesteads 2 years after out planting.

Seedling growth

Seven months after out planting, height growth and root collar diameter (RCD)
differences of avocado varieties across planting locations were found to be non-
significant (Figure 6(a); Figure 6(b)). Two years after out-planting, there was still no
significant difference regarding RCDs (data not shown). In contrast, significant differ-
ences in height growth were observed between varieties within and across localities
two years after planting (Figure 7). Hass exhibited the highest height growth (90 cm) at
Dugda, and this was found to be significantly different from that of the Adamitulu and
Lome sites. The height growth of Ettinger at Adamitulu (80 cm) was found to be
significantly higher (a<0.05) than that of the Dugda and Lome sites. Since there were
no significant differences in root collar diameters of planted seedlings within and
across localities, results are not presented.

Seven month after out-planting, the height growth of Solo papaya at Dugda (73 cm)
was found to be significantly higher than in Adamitulu (12 cm). There was no significant
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Figure 6(a). Mean height of tree seedlings at homesteads seven months after out planting.
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Figure 6(b). Mean collar diameter of tree seedlings at homesteads seven months after out planting.

difference between the Dugda and Lome (56 cm) sites, nor between Lome and Adamitulu
(Figure 6(a)). RCDs of Solo papaya at Dugda and Lome were found to be significantly
higher than in Adamitulu which exhibited the smaller RCD (Figure 6(b)). Two years after
out planting, Solo papaya revealed a significantly higher (a<0.05) height growth in Dugda
(80cm) than in the two other sites (Figure 7). However, there were no significant
differences in root collar diameters of the Solo papaya seedlings within and across
localities two years after out-planting (results not shown).

100
=3 OHass
go -}l K Ettinger
B Fuerte
g 60 _ _T“ H Solo
= i %
HERIEN
N
20 | \
N
o LL N
Dugda Adamitulu

Figure 7. Height growth of tree seedlings at homesteads 2 years after out planting.
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Figure 8. Mean plot volume index (PVI) of fruit tree seedlings 2 years after out planting. Vertical bars
represent (+SEM).

Plot volume index (PVI)

As PVI calculation is heavily based on growth data (Height and Collar diameter) for older
trees to undertake meaningful comparison, PVT for seven-month growth is not presented
here. The results reported here as plot volume index (PVI) were calculated based on field
measurements taken for seedling growth and survival two years after planting (Figure 8).
The PVI of avocado seedlings varied significantly (a<0.05) across locations and between
varieties. In Dugda, the PVI of Hass was significantly higher (by about 35% and 110%) than
that of Ettinger and Fuerte. The PVI of Hass at Dugda was found to be significantly higher,
at 114% and 99% of the PVI of Hass in Adamitulu and Lome sites, respectively. The PVI of
Ettinger in Dugda was found to be significantly higher (by about 148% and 177%) than that
in Adamitulu and Lome sites, respectively.

The PVI of Solo papaya in Dugda was found to be significantly higher (0<0.05) than in the
two other sites. The differences in PVI of Solo papaya at Adamitulu and Lome were found to be
non-significant.

The highest performance of Hass avocado and Solo papaya (in terms of PVI and height) was
recorded in Shubigemo village, Dugda site (Figure 9) in a champion farmer homestead in later
years after the completion of the trial in July 2020 the avocado and papaya trees owned by this
farmer produced fruits. He has become a known model farmer in his area, and his homestead
serves as a learning center for many farmers, local extension officers, and decision-makers.

The performances of Hass at Adamitulu and Lome were also found higher than Ettinger and
Fuerte, indicating that Hass variety is equally preferable for the two sites. The performance of
fruit trees at a model farmer’s homestead in Lome site, Ejersajoro village, evidencing this is
presented in Figure 10). Seedlings planted in this homestead showed over 95% survival.
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Figure 9. The performance of fruit trees at a model farmer's homestead of Dugda site (4 years after
planting).

Figure 10. Fruit trees at a model farmer’s homestead of Lome site (4 years after planting).

Correlation between watering schemes and seedling growth

The study results indicated a significant correlation (a<0.05) between watering schemes and
seedling growth parameters (Table 2). A highly significant positive correlation value (0.70) was
observed between seedling watering and PVT also. This is an indication that with the increase in
the frequency of watering, PVI of planted seedlings would show a significant increase as in the
case of Dugda site where we observed both a significantly higher PVIs for planted fruit seedlings
and a majority of farmers watering their seedlings daily (contrary to farmers in the two other
sites).
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Table 2. Relationship between watering schemes and seedling growth at seven
months in homesteads.

Watering schemes Survival% Height growth
Watering schemes 1
Survival % 0.66*** 1
Height growth 0.84** 0.81** 1
#xp < 001,
**p <.01.
Discussion

Out-planting performance of fruit tree seedlings at homesteads is considered a crucial factor for
evaluating the success of adoption and scaling up efforts to use agroforestry technologies. The
results of this study showed that the growth and survival of fruit tree seedlings varied greatly at
different planting sites and also depended on the fruit varieties involved. In general, the PVI of
planted fruit tree seedlings varied significantly across locations. Results demonstrated
a significantly higher PVI for Hass within and across locations two years after out planting.
Seedling PVI is considered an effective measure of evaluating planting success in a given area
since the PVI is a product that combines stem volume with the survival of planted seedlings in
a given plot (Marx et al. 1977; Quoreshi et al. 2008). The results of this study indicated the most
appropriate fruit variety for the planting locations under consideration. The performance of
Hass, expressed in its significantly higher growth, survival, and PVI value under farmer manage-
ment at homesteads, would make this variety highly recommended for future scaling up.

Our results demonstrated that the mean survival and PVI of planted fruit varieties (both
avocado and papaya) at Dugda were significantly higher than for conspecifics planted at
Adamitulu and Lome. Dugda was identified as a site of higher seedling watering; the enhanced
PVI and mean survival of planted seedlings at Dugda could be attributed to relatively better
seedling care and the provision of moisture through daily seedling watering by the majority of the
homesteads. Seedling survival is a function of seedling quality, species-site matching, proper
planting at the right time, plant density (Bell et al. 2006), and above all seedling survival is highly
influenced by watering in dry seasons (Derero et al. 2021). Among the factors affecting seedling
survival at Dugda district, moisture deficit was ranked as first (68.18%) (Desta et al. 2023). As
fruit tree seedlings performed significantly better under farmer management at Dugda than their
counterparts at Adamitulu and Lome, this site could be taken as a priority consideration for
future scaling up of homestead agroforestry with fruit trees.

The effects of variety and planting location were also significant, both on PVI and the survival
of Ettinger two years after planting. Ettinger exhibited the second-highest survival and PVI at
Dugda. The mean survival of Ettinger was 80%, 70%, and 65% at the Dugda, Adamitulu, and
Lome sites, respectively. Its PVI was also found to be significantly higher (148% and 177%) than
that of the Adamitulu and Lome sites, respectively. This would imply that, with the given farmer
management at Dugda, Ettinger could be a second alternative to Hass for the promotion of fruit
tree-based homestead development at this site.

The differences in survival and PVI of Solo papaya were also found to be significant
between Dugda and the two other sites. This indicates also the importance of a high
watering level in the survival and growth of Solo Papaya.
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Conclusion

This research has indicated a significant difference in tree survival and growth (PVI) among
fruit varieties in and across planting locations. A significantly higher difference in the PVI of
Hass was observed at Dugda two years after planting. The PVI of Solo Papaya at the
homesteads of Dugda was also found to be significantly higher than that of Adamitulu
and Lome. As hypothesized, this is an indication that fruit variety and planting site are
impacting seedling survival and PVI and hence Dugda could be considered as a priority site
for expanding Hass and Solo papaya in future homestead development activities. The
research has also shown the role of farmers’ seedling management, especially seedling
watering (as in the case of Dugda), in enhancing seedling survival and performance at
homesteads. This is explained by the higher mean survival and PVI, and a significant
positive correlation observed between seedling watering and growth parameters.
Evaluating the performance of farmer-preferred tree seedlings under local contexts and
risk factors is proposed as a fundamental task to detect local factors related to seedling
management that may hinder planting success at homesteads, to provide extension services
with locally adapted practical recommendations, and thus to bring success to future scaling-
up efforts of agroforestry technologies.
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