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Failure to manage goat nutrition or control gastrointestinal nematode parasites (GINs) can lead to low perfor-
mance and livestock losses on smallholdings. Programs to improve smallholder goat health can have an im-
mediate positive impact but often depend on external expertise and resources such as anthelmintic interventions.
As a result, programs may fail to support smallholders once external resources, such as grant funding, are
removed. With this in mind, a low-resource targeted-selective treatment (TST) program based on a hands-on Five
Point Check®© (FPC) scoring system was undertaken from 2020 to 2021 in rural Central Malawi. Participating
smallholders were educated and equipped to perform goat health scoring and provide interventions on an as
needed basis. In April 2025, five years after the study began, original participants were surveyed alongside
control non-participants to determine the impact, uptake, and dissemination of TST using the FPC. 97.5 % of
participants remembered the FPC and 73.8-92.9 % still used FPC tests on their goats. Practicing the FPC
increased farmers’ confidence and success and decreased the likelihood of being impacted by disease or ill
health. As a result of the FPC, targeted beneficial plant supplementation and anthelmintic use to treat sick goats
was maintained among study participants. Non-study controls were unanimously in favour of using the FPC, but
gaps exist in supporting dissemination of training and materials (such as FAMACHA cards and anthelmintic) to
the wider smallholder community. Overall, this study shows that education and sustainable practices can be
adopted and self-sustained in low-resource areas following initial investment.

1. Introduction emergencies (Airs et al., 2023a; Kaumbata et al., 2020; Rumosa Gwaze
et al., 2009). In difficult circumstances, goats can also be sold via

Goats are an intrinsic part of rural livelihoods among subsistence informal market chains to local butchers in order to offset food insecu-

farmers and rural populations worldwide. In Malawi, goats are the most
common livestock kept besides chickens, with 11.1 million goats in
2021, up from 4.2 million in 2011 (Food and Agriculture Organisation
(FAO), 2022). Goat smallholdings make up 20 % of all households in
Malawi, and up to 90 % of rural households (FAO, 2022; Freeman,
2008). Smallholdings play a number of roles with economic, cultural,
and other intangible benefits, but principally act as security to cover
household expenses such as school fees, agricultural supplies, or
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rity, especially after crop failure (Maganga et al., 2015). As a result, the
health and success of goat smallholdings is directly linked to food se-
curity (Airs et al., 2023a). Malawi being particularly vulnerable with
half the population at risk of severe food insecurity (FAO, 2025).
Effective goat management is therefore critical to ensuring the
poverty alleviation and resilience benefits of smallholdings. In Malawi
however, goat management is strongly constrained by agricultural ac-
tivity and other rural occupations, with goats tethered or housed during
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the day and through the growing season (Airs et al., 2023a; Banda et al.,
1993). Tethering puts goats at risk of malnutrition, but this practice can
support good goat health when provided with sufficient nutrients and
care (Romney et al., 1996). Restricting goat movement also exposes
goats to gastrointestinal nematode parasites (GINs) while minimising
the ability of goats to selectively browse (Qokweni et al., 2020). Because
of this, tethering practices can result in rapid deterioration and death if
GIN infections are not controlled (Besier et al., 2016; Caldeira et al.,
2007; Hoste et al., 2005; Muir et al., 1995). Of particular concern are
pathogenic species such as Haemonchus contortus and Trichostrongylus
colubriformis, which are highly pathogenic and predominate GIN pop-
ulations on Malawi smallholdings (Airs et al., 2023b; Sargison et al.,
2021). Monitoring goat health typically requires laboratory diagnostic
tools, e.g., faecal egg counts (FECs), or indirect measurements of per-
formance metrics such as live weight gain (Githigia et al., 2001; Kaplan
et al., 2023; Learmount et al., 2016; Sabatini et al., 2023).

In rural areas, hands on, no-cost approaches to assess for GINs and
track performance have been developed such as body condition scoring
(BCS) and the FAMACHA assessment of anaemia (Honhold et al., 1989;
Olah et al., 2015; Sabatini et al., 2023; van Wyk and Bath, 2002). BCS
inspections of the lumbar area effectively estimate fat or muscle deposits
in sheep or goats respectively, which are critical markers of health and
performance (Honhold et al., 1989; Kenyon et al., 2014; Villaquiran
et al., 2004). FAMACHA scoring is similarly effective at monitoring
anaemia and the impact of H. contortus infections in rural smallholder
settings (Mahieu et al., 2007; Sargison et al., 2021; van Wyk and Bath,
2002).

The Five Point Check© (FPC) goes further and incorporates FAMA-
CHA and BCS along with other signs of disease including bottle jaw
(pitting edema), nasal discharge, and dag (scour) (Bath and van Wyk,
2009). With proper training, the FPC is a reliable means to detect the
presence and impacts of GIN disease, and other common ailments, in
remote settings (Bath and van Wyk, 2009; Walker et al., 2015). This
system is especially amenable to low-resource settings since the only
‘equipment’ necessary to carry out the FPC is the FAMACHA card, a
small laminated card by which to estimate anaemia via colouration of
conjunctival mucous membranes (Bath and van Wyk, 2009; van Wyk
and Bath, 2002)

Since the FPC system is a quantitative assessment, it can be a
framework for Targeted Selective Treatment (TST) whereby in-
terventions, such as anthelmintics or dietary supplementation, are
directed to specific individuals at specific moments in time (Bath and
van Wyk, 2009; Besier, 2012; Charlier et al., 2014; Kenyon et al., 2009).
By using individual thresholds, TST drastically reduces the need for ex
post interventions and hence reduces costs compared to group or herd
level treatments, since the majority of individuals do not require in-
terventions for the majority of the time (Bath and van Wyk, 2009; van
Wyk et al., 2006). TST has the added benefit of making anthelmintics
more affordable and accessible to low-resource smallholders due to the
lower overall dosage. Furthermore, the emergence of anthelmintic
resistance, (which is widespread globally and a documented problem in
goats in Africa (Guinda et al., 2025; Mavundela et al., 2025)), is atten-
uated by TST, which preserves susceptible parasite genotypes for later
mixing with resistant survivors of treatment (Bath and van Wyk, 2009;
van Wyk, 2001).

To support the management of goat production and sustainably
control GINs with minimal inputs and to make anthelmintic use more
affordable and accessible, we trialled a FPC based TST program in rural
Malawi from January 2020-March 2021 (Ventura-Cordero et al., 2025).
During the project we provided training to perform the FPC and TST,
delivered via public funding. Through monitoring of individual goat
health scores, the TST regimes reduced goat deaths while using sub-
stantially less anthelmintic compared to whole-herd treatments. How-
ever, exclusive reliance on anthelmintics for helminth management still
makes this approach useless for individuals who simply cannot access or
afford these interventions. In order to overcome this barrier, a subset of
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TST farmers were also provided targeted-selective botanical supple-
mentation (Plant-TST), whereby locally available beneficial plants were
used to limit the impacts of GINs and malnutrition of smallholder goats
and further offset the need for anthelmintic interventions
(Ventura-Cordero et al., 2025). Use of Plant-TST reduced anthelmintic
need by a further 54 % compared to TST alone, with anthelmintic pro-
vided following just 2 % of FPC tests.

While the trial was successful, determining the long term impacts or
legacy of public programs is often not performed due to the periodic
nature of funding (Wiltsey Stirman et al., 2012). Whether a FPC based
TST approach can be adopted in a self-sufficient manner by rural farmers
after external support has been withdrawn has not been extensively
surveyed. To this end, a 5 year retrospective survey was performed
among participants of the 2020 TST study (Ventura-Cordero et al.,
2025), alongside non-participant control farmers. The present survey
aimed to determine whether the 2020 TST study had any lasting impacts
on sustainable goat production and if farmers disseminated knowledge
of these practices to other farmers in the local area. Crucially, the study
was aimed at determining whether farmers had the capacity to continue
performing the FPC and TST in the absence of outside support and
prompting.

2. Materials and methods
2.1. Study area and timeline

Central Malawi’s Lilongwe District is an area with a wet tropical
climate with conditions representative of the wider region. The
Lilongwe district was chosen for the initial TST-study due to the
considerable goat ownership in this region as well as the gross overall
population with 1.64 million inhabitants in 2018 (GoM National Sta-
tistical Office, 2018). Initially, a 2019 pre-study survey of goat man-
agement practices and socioeconomics was carried out in the region (see
Airs et al., 2023a). This was followed by the TST-study as described
separately (see Ventura-Cordero et al., 2025) and the current retro-
spective survey (Fig. 1a).

For the retrospective analysis presented here, the study area includes
the TST-study area villages (Mkwinda, Kamchezera, Mazinga, and Chi-
khowe villages) as well as several control villages (Bauleni and
Kanyumbu)(Fig. 1b).

2.2. Survey design, data collection, and study groups

A quantitative survey was designed as part of a larger project among
smallholders in Malawi relating to goat management, natural resource
use, and goat health. Questions were targeted towards opinions,
knowledge, and use of the FPC and use of botanical natural resources.
Blank copies of the survey and consent form are available at: https://
github.com/PaulAirs/Malawi_Botanical Natural Resources_Goat.

Basic household characteristics data, mainly demographic, socio-
economic, and goat management information were based on a pre-
study survey performed prior to the TST study in 2019, carried out in
the same area as the study (Airs et al., 2023a). A subset of questions,
numbers 17-28, relating to botanical resource use have been reserved
for publication separately.

Survey responses were collected from April 17-30 2025 by a team of
trained researchers from the Lilongwe University of Agriculture and
Natural Resources (LUANAR). All surveys were performed by informed
consent according to the ethical review (see ethics declaration). The
identical methodology for respondent information collection was used
in both the pre-study survey in 2019 and the present (retrospective)
study.

The survey was targeted towards participant farmers from the initial
2020 TST-study (n = 42) including both TST (n = 20) and Plant-TST
(n = 22) groups allocated to different villages (Fig. 1b). A non-study
control group (n = 90) of individual goat smallholders who were not
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Fig. 1. Targeted Selective Treatment (TST) study design. (a) Timeline showing farmer visitation dates for a 2019 pre-study survey (see Airs et al., 2023a), the
TST-study (see Ventura-Cordero et al., 2025), and the current retrospective survey. (b) Map of Malawi on the left showing the gross study area (red circle) and a local
area map on the right. Responses for the retrospective survey were collected from goat farmers who took part in the initial 2020 study as well as a control group of
goat farmers who were never part of the initial study. Numbers indicate the total respondents to the 2025 survey from each group and location. (c) The Five Point
Check® (FPC) treatment decision chart used for the TST-study. For both TST and Plant-TST groups, individual sick goats were provided anthelmintic based on nasal
discharge (goat image, point 1) FAMACHA (2), bottle jaw (3), body condition score (BCS, 4), or dag scores (5) (purple boxes). For Plant-TST, locally available
beneficial plants were additionally provided based on poor or intermediate health scores (green boxes).

part of the initial 2020 study but lived in the same area (both inside and
outside the TST/Plant-TST villages) was also collected, herein referred
to collectively as “Controls” (Fig. 1b). Control responses were gathered
to benchmark the impact of TST on sustainable goat production and to
determine spontaneous uptake and undirected dissemination of TST
practices among the local population. The control group includes
‘Control-Plant-TST’ (n = 22) and ‘Control-TST’ (n = 20) farmers who
live within the study area villages, as well as ‘out of village’ area control
farmers (n = 48)(Fig. 1b).

2.3. Targeted selective treatment using the Five Point Check

The original study was performed from January 2020 to March 2021
in Mkwinda, Kamchezera, Mazinga, and Chikhowe villages, whereby
participating farmers were trained and instructed to perform TST using
the FPC as described previously (Ventura-Cordero et al., 2025). In this
study, the FPC was performed by farmers under observation from re-
searchers and/or veterinary assistants approximately every 14-days for
the study duration. Two groups carrying out TST were formed across
four villages (Fig. la-b). In all four villages, study participants per-
formed ‘TST’ and treated sick individual goats with anthelmintic
(albendazole, Albendex 100, Alfavet®, Kenya, administered at a dose of
10 mg/kg of body weight as estimated by weigh tape). Treatments were
performed by, or under the supervision of the research team and/or a
local veterinary assistant. In two villages, a subgroup of participants
formed the Plant-TST group, who performed TST with anthelmintic
treatment as above, but also supplemented goats in a ‘borderline’ or
‘sick” condition as determined by a treatment decision chart (Fig. 1b).

Botanical supplementations were provided using ~ 250 g of fresh har-
vested locally available beneficial plants once a day for 5 days following
the FPC (Ventura-Cordero et al., 2025). Beneficial plants included
Commiphora africana (A. Rich) Engl. (common name = Kakhobo or Af-
rican Myrrh), Ficus ingens Miq (Mtawa), or Gmelina arborea Roxb
(Malayina) and were selected based on their availability, prior use,
non-toxicity, nutrient profiles, and potential nutraceutical impacts.

Following the termination of the study, farmers were free to continue
this practice as they saw fit with their local veterinary assistants. For
smallholders to gain access to anthelmintics as needed in the absence of
the research team, veterinary assistants and representative farmers in
the study area were provided with drug boxes. Individuals with boxes
had been provided training to perform the FPC and administer TST
based on the treatment decision chart during the study. Every box was
stocked with 1 litre of albendazole (Albendex 100, Alfavet®, Kenya), to
be administered at a dose of 10 mg/kg of body weight administered
orally, along with syringes for administration. Each TST village chose a
committee to manage the drug box. After the study ended, drug boxes
were passed into the full control of local people with the goal of
generating funds to replenish drugs and materials in a self-sufficient
manner. Due to the project ending in 2021 there is limited detail
available relating to payments and use.

In 2025, retrospective survey responses were gained from original
participants from the TST-study as well as in village and out of village
control farmers (Fig. 1). Participants for the 2025 retrospective survey
were screened based on prior-participation, goat ownership, and
management.

While researchers provided training and assistance through the study
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period, participating farmers were also trained and provided with skills
and materials necessary to perform the FPC on their own, including a
FAMACHA card (Bath and van Wyk, 2009). Plant-TST participating
farmers also received containers to estimate quantities of botanical re-
sources for Plant-TST and were free to utilise local knowledge of bene-
ficial plant species to provide interventions in lieu of anthelmintic when
necessary.

In order to assess the adoption of the TST and Plant-TST among study
participants without external influence, no contact was made between
participating farmers and researchers following the study’s end in March
2021 until the 2025 survey collection (April 17th - 30th).

2.4. Statistical analysis and graphical outputs

Data was formatted in Microsoft Excel and anonymised (available
here: https://github.com/PaulAirs/Malawi_Botanical Natural_Resou
rces_Goat). Map data were generated in QGIS (version 3.40.5-Bratislava,
QGIS.org) using generalised GPS coordinates of survey collection vil-
lages. Illustrations and figures were formatted in Adobe Illustrator
(version 29.6, Adobe Inc. 2025).

Analyses and graphical figure outputs were performed in R version
4.5.1 (2025-06-13) - "Great Square Root" (Core Team, 2020). Pearson’s
Chi-squared tests with Yates’ continuity correction were performed for
contingency analyses. Two-sided Fisher’s Exact Tests for count data with
simulated p-value (based on 10000 replicates) used in cases of low
counts data in the contingency table and for odds ratio analyses.

To identify the strongest associations across logical, categorical, and
numerical survey variables, pairwise correlations were performed across
a condensed version of the dataset (S1 File). “Yes” and “sometimes”
responses were categorised as TRUE, while “no” was recorded as FALSE.
Categorical data was included as unordered factors with 2-9 levels.
Factor variables with > 10 unique levels were excluded to minimise
instability in contingency tables and reduce the likelihood of spurious
associations. Further, question 2 “What livestock did you own in the last
year and which are the most important to you?” was collapsed into total
livestock owned (minus chickens) and a count of total different livestock
owned. Similarly question 6 “How many of these capital goods do you
own? (number for each)” was collapsed into total items owned and a
count of total different items owned. For question 10 “How many goats
did you own or gain in the last 12 months?” the total number owned,
purchased/traded, and that died were combined. Categorical-categor-
ical relationships were quantified using Cramér’s V, with p-values esti-
mated via Fisher’s exact test. Numeric-numeric comparisons as well as
categorical-numeric comparisons were assessed using the point-
biserial correlation coefficient, calculated via Pearson’s product-
moment method. Results were thresholded with a p-value of < 0.05
for variables with > 10 non-missing observations. Finally, to assess the
potentially confounding influence of individual villages on the treat-
ment effect, mixed-effects logistic regressions (based on generalized
linear mixed models) were performed for all cases where the binary
impact in question concerns goat health or associated management
outcomes. Individual villages were included in the model as either a
fixed effect or a random effect depending on the specification (S2 File).

3. Results
3.1. Demographics and livelihoods

Respondents demographics were representative of households in the
area based on a 2019 pre-study survey (Airs et al., 2023a). There were
slightly more female than male respondents for both TST-study and
Controls (y* = 1.1947, df = 1, p = 0.2744) (Figure S1a), representative
of smallholding livestock ownership in Malawi (FAO, 2022). Respon-
dent age also skewed towards those over 60 for both groups (3 = 2.2, df
= 4, p = 0.6973) but a range of age groups were captured (Figure S1b).

For occupation, most respondents were farmers or farmers/
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entrepreneurs (85.36 % TST-study vs 77.77 % Controls, Fisher’s Exact
Test, p = 0.16) (Figure S1c). This distribution was similar to the pre-
study survey (84 % farmers, 2019) (Airs et al., 2023a). Education was
similarly distributed among TST-study and Control responses (Fisher’s
Exact Test, p = 0.6186). In both response groups ~60 % of respondents
have a primary level education with ~15 % having no formal education
(Figure S1d). Education is also in line with the 2019 pre-study survey
(60 % with primary schooling, 20 % with no formal education).

Livelihood indicators included: food worry, household meals per
day, flock size limitation by cash, capital goods ownership, and livestock
ownership. There were no significant differences in livelihoods between
the TST-study and Controls (S1 File). Capital goods ownership was
stable over time (2019 vs 2025 survey responses) and between groups
(TST-study vs Controls) (Figure S2a, Tables S1-2). Food insecurity was
estimated through asking “in the past 7 days, did you worry that your
household would not have enough food?” (Table S3). This question was
asked during the 2019 pre-study survey in the same area (Airs et al.,
2023a). Food worry was related mildly to income source, with farmers
and entrepreneurs less likely to suffer from food worry compared to
those not working (Figure S2b). No significant change was found for
those reporting food worry either between 2019 (41 %) and 2025
(33 %) surveys, or between TST-study participants (39 %) and Controls
(31 %) (Multiple %2 with p-values > 0.1). A similar trend was seen for the
number of meals taken per day for adults (median = 2) and separately
for children (median = 3) (Table S4 and S5). Approximately half of
participants in both groups also stated that they are better off now
compared to 2019 (Table S6). Overall, there were several significant
relationships between different livelihood indicators, indicating that
survey responses are not random, and that socio-economic status varies
within the dataset (Figure S2c).

3.2. Uptake of the FPC among goat smallholders in the study area

Following the end of the TST study in March 2021, participating
farmers were left to continue using TST ad libitum. Given that performing
TST using the FPC only requires a FAMACHA card (which were provided
to all participating farmers) and the ability to remember or record goat
health scores over time, participating farmers were assumed capable of
performing TST on their own. Use of the FPC for TST however depends
on whether farmers retain the ability to perform tests and see their
usefulness.

To assess uptake and dissemination of the FPC, respondents were
asked about their knowledge and opinions of the FPC (Table 1).
Awareness of the FPC was largely retained by study participants (97.6 %
remembering the FPC) who did not disseminate knowledge widely
(6.9 % awareness among Controls) (Table 1 Part A). However, responses
were unanimously in favour of using the FPC across both groups if
provided with training and materials.

To test knowledge of the FPC, individual farmers were asked to
describe if they ‘know how to perform’ each of the FPC steps. Study
participants retained the ability to demonstrate all steps of the FPC
except one individual in the TST group who could only perform
FAMACHA, and five other instances where individuals did not perform
the nasal discharge examination. Despite a low overall knowledge of the
FPC among Controls, over half were able to demonstrate dag and BCS
examinations while a smaller number could perform nasal discharge,
bottle jaw, and FAMACHA examinations.

Next, participants were asked which aspects of the FPC were still
being used. Overall, 57 % of TST-study participants used all 5 of the FPC
tests while a further 21 % used 4/5 tests. Responses were significantly
different between study participants and Controls for each part of the
FPC (Table 1 Part C).

Participants were also asked if the FPC was considered useful. Study
participants were more likely to find FAMACHA useful, possibly owing
to their knowledge and experience with this test (Table 1 Part D). TST-
study participants and Controls did not differ in options of nasal
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Table 1
Five Point Check uptake and dissemination between TST-study and Control
farmers.

TST-study Control
groups groups
Answers: Yes No/ Yes No/ x p-value
don’t don’t
know know

Part A - FPC related questions:
Knows of the FPC 40 1 0 81 95.6 < 0.001
Would use the FPC if 41 0 90 0 0.0 1.000

provided materials

and training
Part B - Know how to perform the FPC tests:
FAMACHA 41 0 4 70 95.2 < 0.001
Bottle jaw 40 1 11 63 69.8 < 0.001
Nasal discharge 35 6 11 63 51.7 < 0.001
BCS 40 1 48 26 13.9 < 0.001
Dag 40 1 59 15 5.6 0.018
Part C - Uses the FPC tests on their goats:
FAMACHA 29 12 1 73 62.3 < 0.001
Bottle jaw 36 5 11 63 55.1 < 0.001
Nasal discharge 31 10 12 62 37.3 < 0.001
BCS 36 5 45 29 8.0 0.005
Dag 39 2 52 22 8.4 0.004
Part D - ‘Think the FPC tests are useful’:
FAMACHA 41 0 41 33 23.5 < 0.001
Bottle jaw 32 9 47 27 2.0 0.162
Nasal discharge 30 11 43 31 2.0 0.160
BCS 33 8 51 23 1.3 0.263
Dag 32 9 56 21 0.2 0.682
Part E - FAMACHA related questions:
Know what a 41 1 1 86 115.7 < 0.001

FAMACHA card is
Own a FAMACHA card 37 5 0 89 105.0 < 0.001
Used a FAMACHA card 33 9 0 86 87.0 < 0.001
Know someone with a 39 3 3 86 100.8 < 0.001

FAMACHA card who

can help
Currently use a 40 0 72 16 6.7 0.009

FAMACHA card, or
keep using one in the
future?

discharge, bottle jaw, BCS, or dag.

Overall, there was a high level of overlap between TST-study
farmers’ knowledge, use, and opinion of FPC usefulness (Fig. 2). For
TST-study participants, almost all individuals responded ‘yes’ to all
three of these questions, while this was only true for BCS and Dag in the

Nasal discharge FAMACHA

TST-study
groups

Useful Useful

Control
groups

Useful Useful
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Controls group. For FAMACHA, bottle jaw, and nasal discharge, many
Control respondents who were not part of the TST-study thought these
tests would be useful, although the majority lacked knowledge of these
tests (see Table 1 Part A).

3.2.1. Future use and utility of the FPC

TST-study farmers were asked an open-ended question about why
they would continue to perform the FPC in the future. Responses varied
but centred around the ability to track goat health and diagnose diseases
(85.7 %) (Table S7). Productivity, management, and profitability
(35.7 %) were also mentioned as reasons less frequently. Some farmers
gave multiple reasons, with one farmer stating the FPC helped with
“early detection of sick goats, improve health of goats, resulting in more
profit”.

At the end of the survey, all participants were asked if they agreed
with four statements about the FPC (Table 2). Statements relating to
health generated the strongest positive responses from respondents. By
this point in the survey, non-study Controls had learned about the FPC
but had not received formal training. Comparing TST-study and Con-
trols, significantly more of those with experience of the FPC agreed with
each statement. Most significantly, 40 % of TST-study participants say
they use less resources than before (vs 3 % of Controls), and 45 % are
more confident in keeping goats (vs 2 % of Controls).

3.2.2. FAMACHA card ownership and use among goat smallholders

Carrying out the FPC requires use of a FAMACHA card, a small,
laminated card that helps operators to estimate the degree of anaemia.
The card carries colour photographs of each degree of anaemia to match
with the goat being inspected, and this standardisation enables accurate
scoring of haemonchosis (Bath and van Wyk, 2009; van Wyk and Bath,
2002). Therefore, access to the FAMACHA card and training in its use is
a limiting factor preventing non-study farmers from carrying out the FPC
properly. To probe further into the continued use of this test, re-
spondents were asked further questions relating to FAMACHA cards
(Table 1 Part E). As expected, non-study participants (Controls) almost
universally did not own or use FAMACHA cards, but 82 % said they
would use one in the future. Almost all TST-study farmers said they
knew what a FAMACHA card was (41/42), owned a FAMACHA card
(37/42), knew someone who owned a FAMACHA card who could help
them (39/42), and/or would use a FAMACHA card in the future (40/40).
Of the 6 TST-participants who said they did not own a FAMACHA card, 3
said they knew someone with one. The majority of TST-study partici-
pants also said they used their FAMACHA cards (33 yes, 9 no).

Bottle jaw BCS Dag

Know Use Know Use Know Use Know Use  Know Use
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Fig. 2. Use and opinions of the Five Point Check among study area goat farmers. Venn diagrams showing the occurrences of respondents who (Know) “Know how to
perform this test”, (Use) “Use this check on my goats”, and (Useful) “Think this check is useful”. Those who answered ‘no’ to all of these questions or did not answer
were excluded. TST-study (n = 42) and Control (n = 90) groups were pooled across all relevant villages.
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Table 2

Question “Do you agree with any of these statements about using the Five Point Check?”.
Checkbox Plant-TST TST TST-study Control P df” p-value”

group group groups' groups

More confident keeping goats 11 (50) 8 (40) 19 (45) 2(2) 27.909 1 < 0.0001
More successful keeping my goats healthy 19 (86) 16 (80) 35(83) 47 (52) 10.494 1 0.0012
Better tell when my goats are sick 21 (95) 18 (90) 39 (93) 62 (69) 7.8697 1 0.005
Use less resources than before 10 (45) 7 (35) 17 (40) 3(3) 36.458 1 < 0.0001

T Number of responses with (%) of responses in brackets.

* Pearson’s Chi-squared test with Yates’ continuity correction for ‘yes’ vs ‘no/blanks’ for TST-study vs Controls counts.

3.3. Dissemination of knowledge

Knowledge and awareness of the FPC among non-study controls was
low, so it can be assumed that the FPC was not widely disseminated
between study and non-study farmers (Table 1 Part A-D). During the
TST-study, participant farmers were not given any instructions relating
to knowledge sharing, so there is no assumption of knowledge sharing
between farmers. However, when asked “do farmers share knowledge
about how to keep goats healthy?”, significantly more TST-study
farmers reported to share knowledge compared to Controls (78.6 % of
TST-study participants vs 51.8 % of Controls, y*> = 7.37, df = 1,
p = 0.0066, Table S8). Sharing knowledge did not differ between Plant-
TST and TST groups (¥* = 0.026033, df = 1, p = 0.87). There were also
no differences between Control respondents within the study area vs
outside (y*> = 0.92026, df = 1, p = 0.3374). The results of the mixed-
effects logistic regressions suggested that some treatment effects
become weaker once the individual village effect is accounted for, likely
meaning that both location and involvement in the TST study influenced
knowledge sharing to a certain degree (S2 File).

To assess the wider knowledge around the FPC, respondents were
also asked “have you heard about worm parasites that affect goats?” to
which most said they had (85.6 %), but awareness was higher among
TST-study participants (41/42 TST-study vs 72/87 Controls, x> = 4.47,
df = 1, p =0.0344). Awareness of parasites was also correlated to
knowledge sharing (Cramer’s V = 0.35, p < 0.001), access to veterinary
care (Cramer’s V = 0.33, p < 0.001), and access to anthelmintics
(Cramer’s V = 0.37, p = <0.0001) (S1 File).

In terms of sharing botanical knowledge, both the Plant-TST (68 %)
and TST (60 %) groups said they learned about botanical supplemen-
tation for sick goats through training (including from the TST-study),
compared to just 4 % of Controls (Table S9). Personal experience and
indigenous knowledge were also listed as sources, and a small number
(n =10, 7.5 %) indicated that other farmers or TST-study participants
had taught them about the use of botanical natural resources to improve
goat health.

3.4. Feed management and uptake of Plant-TST supplementation

Use of local botanical resources is a common means of nourishing
goats, especially when they are tethered during the crop growing season
(Airs et al., 2023a; Banda et al., 1993). 100 % of survey respondents
stated that they harvest from local trees to supplement their goats’ diet,
with feed management practice similar across seasons between
TST-study participants and Controls (Table S10). Strategies involved
free-grazing and herding in communal ‘dambo’ pastureland as well as on
crop residue in fields during the dry season, switching to cut and carry
forage during the growing (rainy) season (Table S10) (Airs et al.,
2023a).

When asked if “additional food” is provided to sick or struggling
goats, the majority of responses were ‘yes’ or ‘sometimes’ (Table S11).
During the TST-study, the Plant-TST group was instructed to provide a
set amount of C. africana, F. ingens, or G. arborea to borderline or sick
individual goats (see Fig. 1b and Section 2.3). Harvesting of each of
these plants to supplement goats was maintained by the majority of

Plant-TST participants (Table S11). Use of these plants was also signif-
icantly higher among Plant-TST participants vs Controls and did not
differ for the TST group vs Controls (Table 3). Looking at village effects
under mixed-effects models, Chinkhowe (a Plant-TST village) had
significantly more respondents using C. africana or G. arborea compared
to Kanyumbu, Mkwinda, and Kamchezera villages, but not compared to
Mazinga (the other Plant-TST village) (S2 File). However, Mkwinda (a
TST village) was also more likely to use C. africana than Kanyumbu.
Combined together, while the increased use of these plants may in part
be a result of the initial Plant-TST intervention, it is likely also dictated
by local plant availability.

Beneficial plant use correlated to those who “use less resources than
before” for C. africana (Cramer’s V = 0.31, p < 0.001), G. arborea
(Cramer’s V = 0.19, p < 0.04), and F. ingens (Cramer’s V = 0.41,
p < 0.001) (S1 File). Plant use was also evident among TST-study par-
ticipants, who were more likely to use cut and carry forage (likely
including beneficial plants) to feed their goats during the dry season
compared to Controls (y* = 10.547, df = 1, p = 0.001). TST-study par-
ticipants were also more likely to be limited by feed availability
compared to Controls (Table S12, Table S13).

3.5. Impact of TST on smallholdings

3.5.1. Gains, losses, and size of goat holdings

The TST-study had several impacts on holdings and may have indi-
rectly benefitted livelihoods. As a baseline, larger goat holdings were
correlated to those with more resources (see Figure S2c). Since both
TST-study and Control groups are similarly distributed across livelihood
factors, both groups were assumed equal across holding factors. How-
ever, TST-study goat holdings were larger on average (Table S12, me-
dian = 7 for TST-study vs 5 for Controls). TST-study smallholdings were
also more likely to utilise their goats for food or to sell goats at market
(Table S12, y* = 4.24, df = 1, p = 0.04). Further, goat losses due to theft,
deaths, and predation were not significantly different between TST-
study and Control groups (y* = 1.59, df = 1, p = 0.21). Narrowing in
on goat deaths due to predation or unknown causes also showed no
significant differences between the TST-study and Controls (}* = 3.41, df
= 1, p = 0.065). While not significant, more individuals in the TST-
study group experienced losses compared to Controls (71.8% vs
59.3 %), possibly owing to the increase in holding size. The lack of
monitoring during this period however minimised the scope for

Table 3
Odds ratios for use of Plant-TST beneficial species as supplements for sick goats™.
Test™* Commiphora Ficus ingens  Gmelina
africana arborea
Plant-TST vs TST 6 (0.011) 3.1(0.12) 13.6 (<0.001)
Plant-TST vs 13.9 (<0.001) 5.2 (0.001) 7.8 (<0.001)
Controls
TST vs Controls 2.3(0.14) 1.6 (0.42) 0.53 (0.318)

" See Table S11 for count data.
™ Two-sided Fisher’s Exact Test performed in 2 x 2 contingencies for each

occurrence. Shows odds ratios with p values in parentheses. Significant results in
bold.
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determining causes of death due to parasites and other diseases as
opposed to predation and other extraneous factors.

Differences between holdings were also seen at the village level be-
tween Plant-TST, TST, and respective in-village control groups
(Table S12b). Both Plant-TST and TST groups had larger holdings and
higher rates of goats being used by smallholders than their respective in-
village controls (Table S12b). The Plant-TST group showed the overall
highest proportion and median number of goats sold, while the TST
group had the highest median holding size. However, both Plant-TST
and TST groups also suffered from more losses compared to their in-
village controls, signalling that the success of achieving larger hold-
ings also resulted in more risk.

3.5.2. Farming limitations

Smallholders in both TST-study and Control groups were limited by a
number of factors, with all smallholders wanting to increase their flock
(100 % of respondents). The majority of all respondents were limited by
cash, dog bites, and theft of livestock (Table S13). There were no sig-
nificant differences in the presence/absence of these limitations be-
tween individual villages (S2 File). Between groups, Plant-TST
smallholders reported a decreased likelihood of being “limited by
health” or “limited by disease” when compared to the TST group or
Controls (Table S13). This is in line with TST-participants citing the
health benefits of using the FPC (Table S7). Further, ‘feed’ was more
likely to be a limitation for Plant-TST and TST group farmers compared
to Controls, possibly indicating the decreased pressure from disease.

Respondents who were “limited by disease” (Pearson’s r = 0.194,
p = 0.026), “limited by health” (Pearson’s r = 0.23, p = 0.009), or
“limited by dog bites” (Pearson’s r = 0.22, p = 0.014) were all associ-
ated with increased goat deaths (S1 File). Those who experienced goat
deaths also had a higher chance of food worry (Cramer’s V = 0.36,
p = 0.014). Therefore, the TST-study may have indirectly benefitted
livelihoods though reducing disease pressure. Taken together with
holding results in Section 3.5.1., it appears that TST-study farmers were
more successful with larger holdings that could be utilised despite
having similar socioeconomic demographics, but that larger holdings
still suffered from extraneous factors such as feed limitations and losses.

3.5.3. Access to veterinary assistance and anthelmintics

Access to health resources such as medicines were associated with
owning more adult goats (Pearson’s r = 0.19, p = 0.03), or more live-
stock overall (Pearson’s r = 0.202, p = 0.02) (S1 File). Such resources
may have aided goat survival to market, with more goats sold by those
with access to medicine (Pearson’s r = 0.207, p = 0.018) or access to
veterinary care (Pearson’s r = 0.24, p = 0.006).

Help was similar at the village level for both access to veterinary
assistants (59.1 % total, y> = 3.15, df = 5, p = 0.68) and access to
medicines for goats (64.4 % total, y*> = 4.92, df =5, p = 0.43) (Table S15
and S2 File). However, when assessing groups, TST-study participants
were significantly more likely to have access to veterinary assistants
compared to Controls (x> = 6.45, df = 1, p-value = 0.011) as well as
access to medicine for their goats (y*> = 6.00, df = 1, p = 0.014).

Medicines were predominantly sourced from veterinary assistants
(67.8 % of total), followed by drug boxes (33.3 % of those within the
study area), and finally shops (Table S16). Within the study area, both
TST-study and non-study control groups utilised veterinary assistants for
medicines (52.8 % TST-study vs 57.1 % Controls), but drug boxes were
not utilised as heavily by non-study controls (42 % TST-study vs 19 %
Controls).

Sustaining access to veterinary assistants or drug boxes might rely on
selling a certain amount of anthelmintic, and therefore Plant-TST
farmers’ use of botanical interventions may break this supply chain.
To investigate, TST-study area participants were compared across and
within villages (Table 4). Study participants did not differ significantly
between groups. However, Plant-TST farmers were more likely to access
a veterinary assistant, while TST farmers were more likely to access
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Table 4
Odds ratios for access to veterinary help between in-village comparisons*.

Test** Access to veterinary Access to veterinary
assistants medicines

Plant-TST vs TST 1.9 (0.48) 1.12 (1)

Plant-TST vs Control 5.18 (0.027) 2.06 (0.49)

TST vs Control 4.16 (0.056) 7.0 (0.01)

Control-PlantTST vs 1.53 (0.543) 3.84 (0.062)

Control-TST

" See Table S15 for count data.

" Two-sided Fisher’s Exact Test performed in 2 x 2 contingencies for each
occurrence. Shows odds ratios with p values in parentheses. Significant results in
bold.

veterinary medicines compared to their respective controls. While ac-
cess to veterinary medicine appears uniform, TST group farmers, who
were not trained to incorporate botanical interventions, were more
likely to seek out medicines while Plant-TST farmers were more likely to
seek advice.

4. Discussion

4.1. FPC-TST uptake shows receptiveness and value of integrative
veterinary programs

Programs introducing change to farming practices must strive to
empower farmers while also being mindful of the context in which
farmers operate. Participation in public programs such as farmer field
schools can have positive impacts on farmer productivity in East Africa
(Davis et al., 2012). In rural Malawi, goat smallholdings are dependent
on botanical natural resources for both feed and medicine (Airs et al.,
2023a), but goats suffer from high burdens of disease from GINs and
malnutrition (Airs et al., 2023b; Chikagwa-Malunga and Banda, 2006;
Sargison et al., 2021). Integrative veterinary medicine can bridge this
gap by combining local practices (which are driven by local resource
availability) with veterinary medicine.

Four years after the end of the study, a large majority of participating
farmers still practise the FPC and appear to have adopted at least part of
the FPC into their management practices. The FPC steps that farmers still
perform include: FAMACHA (69 %), Bottle jaw (85.7 %), Nasal
discharge (73.8 %), Body condition scores (85.7 %), and dag/scour
(92.9 %) (See Table 1). By comparison, a previous FPC-TST field trial on
goat smallholdings in Botswana resulted in only 26 % of study farmers
continuing to apply TST unassisted after being provided training
(Walker et al., 2015). In the present study, it appears that uptake of the
FPC was associated with farmers witnessing improved goat health and
productivity while improving farmer confidence: outcomes, that in turn,
are associated with a subset of livelihood indicators (see Table 2 and
Table S7). In addition to the FPC, Plant-TST farmers continued to target
the use of locally available beneficial species, which helped to reduce
resource needs overall (see Section 3.4). Additional knowledge of these
species and seasonal variation in their nutritional and antiparasitic
properties could further enhance their targeted application in TST pro-
grams (Cooke et al., 2024).

Beyond the TST-study, farmers in the area were highly receptive to
new ideas, with 100 % of TST-study and non-study farmers surveyed in
favour of using the FPC if provided with means to do so (see Table 1A).
We also found that the majority of non-study controls think the FPC
would be useful, despite not having had formal training (see Fig. 2). This
may be indicative of the animal health-related difficulties farmers face,
but could also speak to the program itself as many TST-study farmers
stated they shared information with other farmers (see Section 3.3). It
could also be that the increase in knowledge sharing among TST-study
farmers is reflective of the increased confidence or expertise in keep-
ing goats resulting from practicing TST. Overall, the survey found the
FPC-TST program to be self-sustainable and a success, since farmers
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were both able and happy to continue to use this approach years later
without any outside incentives.

4.2. TST-study participation impacted education and smallholding
stability

There were a number of strong and significant correlations between
TST-study participation, awareness of parasitic diseases, awareness of
goats being sick (due to the FPC), access to veterinary assistance, and
access to anthelmintics (S1 File). TST-study participants were better
educated about parasites and are willing to share knowledge (see Sec-
tion 3.3). Together these interactions build a picture of an improved
capacity for goat health management resulting from the study. This was
in part due to the resources provided during the study so it could be that
the sustainability of this approach is limited to the initial investment
made. However, while the TST-study did leave participants in a better
condition, resources provided were minimal, and some resources like
anthelmintics were finite and would have required multiple rounds of
replacement. Therefore, it appears that initial training at least has
facilitated sustained use of the FPC due to awareness of disease and has
helped to reduce the impacts of disease for study farmers.

The evidence base for long-term impacts of livestock programs is
minimal, owing to limited funding for retrospective analyses (Wiltsey
Stirman et al., 2012). In Botswana, introducing a FPC based TST pro-
gram resulted in farmers seeing similar benefits to goat herd health and
reduced need for anthelmintic interventions relative to interval
de-worming of goats at herd level (Walker et al., 2015). In that study a
follow-up survey was conducted 12 months after withdrawal of support,
finding only 8/35 farmers interviewed to continue to perform TST.
Looking more broadly across the literature, farmer field schools, which
provide similar training and education without providing extensive re-
sources are often seen as a net benefit to farmers and can increase profits
or productivity (Davis et al., 2012; Waddington and Snilstveit, 2014).
Goat smallholders may benefit from education and skills alone as these
are main drivers motivating goat smallholders to attend farmer field
schools (Alcedo et al., 2013), however there is relatively little expertise
facilitating farmer field schools on livestock health in comparison to
crop agriculture (Braun et al., 2006). When looking at specific examples
of strategies to provide interventions and improve smallholder produc-
tivity, similar public programs have suffered from limited expertise and
assistance following program ends. For instance, an NGO sponsored
agriculture project in Cote d’Ivoire was highly successful during spon-
sorship, but suffered from decreased scale, productivity, livestock
mortality (poultry), and limited expertise just 18 months after the
project ended (Nordhagen and Traoré, 2022).

Beyond education, there were a number of noticeable differences
between TST-study farmers and control farmers. In the original study we
were careful to select participants representative of the full spectrum of
the community and hence did not select participants from a specific
socioeconomic status or demographic. The diversity of respondents re-
mains reflective of the community with no differences in demographic
or socioeconomic status found between TST-study and control re-
spondents (see Section 3.1). While no significant socioeconomic differ-
ences were found, TST-study participants had larger smallholdings on
average (see Table S12). This was true despite the largest smallholdings
belonging to some control farmers. This increase in the number of goats
was reflected in the increased ability to see benefits of keeping goats,
with significantly more farmers selling or using goats compared to non-
study controls (Table S12, y* = 4.24, df = 1, p = 0.04). Maintaining
more goats comes with more input needs and risks but opens doors for
smallholders to gain access to improved trade of their goats. Once study
in Zambia found farmers with more goats were significantly more likely
to sell goats to traders and potentially generate more profit
(Namonje-Kapembwa et al., 2022). Since TST-study participants
(particularly Plant-TST participants) said that they use less resources, it
may be that the increased smallholding size is more sustainable for those
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with less resources overall.
4.3. Goat losses and existing barriers to smallholding sustainability

In Malawi, goats managed in agrarian areas can suffer high rates of
mortality (Chikagwa-Malunga and Banda, 2006), and the loss of even a
single goat from a smallholding can have significant impacts on
household security, especially in the places where the average small-
holding has only ~3-6 goats (Airs et al., 2023a; Kaumbata et al., 2020).

A primary issue facing goat production is GINs and other parasites,
which have major impacts on sustainable livestock production since
they increase the nutritional requirements for productivity and can
cause high levels of morbidity and death if left uncontrolled (Charlier
et al., 2014; Hoste et al., 2005; Rumosa Gwaze et al., 2009). In South
Africa a study identified GINs to be more problematic for poorer farmers,
farmers who practise tethering, and farmers in grassland areas vs
forested areas (Qokweni et al., 2020). Throughout the 2020-2021 study
we found that TST improved goat health, controlled GIN infections,
reduced resource requirements, and minimised goat deaths
(Ventura-Cordero et al., 2025). In the 2025 survey we found that
TST-study goat smallholdings were larger and farmers were happy with
the health benefits provided by the FPC (see Sections 4.1, 4.2). These
findings echo a similar study in Botswana where goat smallholders saw
the health benefits of using the FPC following its introduction (Walker
et al., 2015). While the TST-study appears to be a self-sustaining means
of controlling GINs, many TST-study farmers said that availability of
feed was a limitation, so goats may still be suffering from poor nutrition.
Nutrition is key since anthelmintics are less effective in malnourished
individuals, so may not rescue goats with a high burden of GIN parasites
(Morgan et al., 2022). When used effectively, the FPC along with
guidance from veterinary assistants or other livestock professionals can
help to focus resources to improve overall goat health, rather than
relying on anthelmintics as a singular solution. Farmers in the Plant-TST
group are an example of this, and were less likely to be limited by health
or disease, and claimed to use less resources.

Access to veterinary care continues to constitute a barrier to effective
goat health management among Malawi smallholdings. TST-study par-
ticipants were better connected to health solutions, with higher likeli-
hoods of accessing veterinary care and anthelmintics (see Section 3.5.3),
so the study did improve the socioeconomic situation for those involved.
However, about half of all surveyed farmers claimed to not see a vet-
erinary professional. Nevertheless, the situation appears to have become
drastically more common over recent years, compared to 2000 where
only 11 % of farmers said they had ever been visited by a veterinary
profession (Mwanza and Mapemba, 2000). This is crucial since medi-
cines among survey respondents were predominantly sourced from
veterinary assistants (67.8 % of total), followed by drug boxes (33.3 %
of those within the study area), and finally shops (Table S16). Improving
access to veterinary assistants may therefore also improve access to
medicine when needed. Another benefit of sourcing anthelmintics
through veterinary professionals is ensuring the quality of medicine
received since poor quality or out of date drugs can pose a threat to
effective parasite control (Asrade Mekonnen et al., 2024; Monteiro et al.,
1998; Newton et al., 2014; Suleman et al., 2014).

Despite the efforts of smallholders to control GINs and improve goat
health, death from unknown causes or losses of goats due to extraneous
factors (e.g., dog bites, theft) continue to diminish the benefits of goat
smallholdings. Causes of death are various and can go undocumented.
For instance, the study area has high levels of plastic pollution that
accumulate in the majority of goats and likely lead to haemorrhaging
and death (Airs et al., 2024). Of known causes, predation, particularly
by dogs, continues to be a considerable issue reported by many in-
dividuals here and previously in the study area (S1 File)(Airs et al.,
2023a; Chikagwa-Malunga and Banda, 2006). Predation ranked as the
second most frequent limitation faced by survey respondents, and is a
major issue to small ruminant production in Africa that ranks below
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disease but still causes significant losses of livestock (Airs et al., 2023a;
Chikagwa-Malunga and Banda, 2006; Freeman, 2008; Qokweni et al.,
2020; Walker et al., 2015). One study in South Africa estimated preda-
tion by medium sized predators to cause a 13 % decrease in small
ruminant production (Van Niekerk, 2010). Livestock theft is another
major problem reported by smallholders (~55 %), which has been a
known issue especially for those who informally allow goats to browse
during the dry season (Qokweni et al., 2020; Sidebottom, 2013). In some
areas, use of livestock ownership certificates have helped to reduce theft
of livestock, but these programs have not been widely introduced and
may struggle in areas where informal butchers operate or markets are
unregulated (Freeman, 2008; Kaumbata et al., 2020; Rumosa Gwaze
et al., 2009). Collectively, goat losses undeniably reduce the impacts of
TST and may also disincentivise good farming practice since effort is
required to provide proper care to goats.

Because there are so many variables impacting sustainable livestock
parasite control, there have been numerous calls to adopt a ‘basket of
options’ approach to encourage uptake of sustainable practices in ways
that can empower farmers without significant risk of failure (Krecek and
Waller, 2006). In the context of Malawi smallholders, there is a need to
further integrate programs that look beyond single issues, since a
number of problems are faced by farmers (Rumosa Gwaze et al., 2009).
For the TST-study, improved goat health alone could not prevent goat
losses. It may be that funding and investment are needed to improve
goat housing or identification to minimise theft, while veterinary or
animal control infrastructure is needed to reduce the risk of bites from
feral and potentially rabid dogs.

4.4. Study limitations and future directions

The study had several limitations, mainly based in the questionnaire
nature of the study and the scale and depth of responses garnered.
Surveying the opinions of farmers may have introduced bias, which
could be reduced though more structured interview techniques. For
instance, we were unable to ascertain why some individuals no longer
owned or used their FAMACHA cards. Deeper questioning into the
contexts of individuals were not explored primarily because time and
funding were limiting factors in collecting responses and respondents’
time was also deemed valuable. Greater survey depth, or use of in-
terviews would allow for a better individual understanding of circum-
stances. However, the goal of this study was to determine the general
benefit and uptake of FPC to perform TST and assumed that the variety
of potential influences occurred more or less homogeneously across the
survey area (e.g. impacts of COVID-19).

The other major limitation was the number of participants surveyed.
Since the original study required visits to farmers in four different vil-
lages every 14 days for 15 months, the study cohort size was limited to
those the research team were capable of visiting while also obeying
safety precautions and protocols relating to COVID-19. The small sample
size was a limitation, impacting statistical power. A loss of some sig-
nificant differences between groups was identified in mixed-effects
models to account for individual villages as a potential confounding
factor (S2 File). However, the study design allowed for higher coverage
of the farmers included in the original TST trials, as well as controls from
closely neighbouring villages. As a result, we were able to more effec-
tively determine if knowledge and practices were disseminated within
and between villages. Insights are nevertheless limited to a small
geographical area, albeit typifying goat smallholdings in the region, and
future studies should consider how widely these apply. In addition to the
sample size limitations, smallholders in Malawi keep very few goats
overall and use them frequently as tradable assets, so delineating the
impact TST and the FPC have on individual goat health is hard to track,
especially for rural low-resource smallholders. The study therefore
focused on impacts of TST from farmers management practices and
opinions, rather than monitoring of goat health directly (which was
performed during the initial TST-study).
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Ideally, future implementations can grow into larger and more sus-
tained efforts, such as ‘training of trainers’ networks or field schools
where training and materials are provided to perform TST using the FPC
at scale (Waddington and Snilstveit, 2014). There is also potential in
centralised digitised data collection in order to reach a broader audience
and impact a greater number of farmers. For now, this is still not possible
for those in rural areas who lack electricity and access to mobile phones.
In the study area 39 % of survey respondents lacked access to a mobile
phone, so selecting individuals based on their access to resources would
inevitably widen socioeconomic inequality by introducing extraneous
socioeconomic factors. Alternatively, NGOs and governments can focus
resources towards veterinary professionals who in turn can provide
farmers both with anthelmintic as well as FPC training and FAMACHA
cards in order to better tell when anthelmintics or nutritional in-
terventions are necessary.

5. Conclusions

This study found the vast majority of farmers maintained their use
and knowledge of the FPC to perform TST 5 years after being taught,
without additional promoting or external resources. Those who use the
FPC were less likely to be impacted by disease and poor goat health and
proportionally used more goats at market or for consumption. TST
farmers also stated that they use less resources while being more
confident keeping goats. Farmers taught about targeted feed supple-
mentation of sick goats using bioactive ‘nutraceutical’ plants continued
to apply that knowledge. While most farmers in the original study shared
knowledge with other farmers, a lack of professional training and sup-
plies (such as FAMACHA cards) prevented dissemination of the FPC to
new farmers. Overall, introducing TST via the FPC has a positive and
lasting impact on rural smallholdings, but requires initial investment
from larger organisations in order to aid smallholdings at scale.
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