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Abstract
Smallholder farmers in  Southern Africa heavily rely on agricultural  extension services for
critical  knowledge.  However,  language  and  literacy  barriers  limit  the  effectiveness  of
conventional  and digital  advisory  tools.  This  paper  explores  the institutionalisation  of  AI-
powered  multilingual  chatbots  on  mobile  messaging  platforms  as  a  scalable,  inclusive
solution for  enhancing agricultural  knowledge dissemination.  Using data from the Malawi
Fifth  Integrated  Household  Survey  (IHS5)  and  documented  chatbot  case  studies  (e.g.,
Ulangizi AI in Malawi and Darli AI by Farmerline), we find that while mobile phone access is
widespread,  actual  use  of  digital  advisory  services  remains  low  due  to  content  being
inaccessible in local languages or requiring high literacy. AI chatbots offer potential to deliver
timely, relevant,  and localized advice via voice and text in indigenous languages, helping
overcome these barriers. Evidence shows increased farmer engagement, improved access
to extension support, and stronger trust when services are institutionalised within community
context and local lunguages. Nonetheless, issues around data privacy, infrastructure, content
validation,  and  sustainability  persist.  We argue  for  institutionalizing  these AI  tools  within
formal extension systems, supported by government frameworks and partnerships, to ensure
scale,  credibility,  and  long-term  impact.  This  approach  can  institutionalise  access  to
agricultural knowledge and contribute meaningfully to rural development.
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1. Introduction
Agricultural extension services are important in the productivity and resilience of smallholder
farmers, who constitute the backbone of Southern Africa's agricultural sector (Gikunda, 2024;
Smidt & Jokonya, 2022). Such extension programs impart information on improved practices,
inputs,  weather,  and markets to  enable farmers to make informed choices and to adopt
innovations.  However,  in  the  whole  SADC  region,  the  reach  and  impact  of  traditional
extension are diminished by structural and communicational barriers. An everlasting problem
is the extent of limited coverage and capacities of extension systems. Numerous countries
face an acute shortage of extension agents against the farmer population. A single extension
officer might be in charge of 1,500 or even more farmers in parts of sub-Saharan Africa,
which is far away from the recommendations by Food and Agriculture Organization of one
per 400 farmers (Smidt & Jokonya, 2022; Nalwimba, 2024). In Nigeria, ratios as high as
1:5,000–10,000 have been reported (Bhalla, 2021), and similar constraints exist for certain
contexts in Southern Africa. This under-staffing is, furthermore, coupled by the geographical
remoteness  of  many  rural  areas,  with  not  enough  funding  trickling  down  for  extension
activities, meaning many smallholders receive little to no direct advisory support. Farmers
often wait many days or even weeks for the extension officer to visit,  or they travel long
distances to an extension office and find it  closed or under-resourced (Smidt & Jokonya,
2022;  Mhlanga, 2021).  These limitations create a massive knowledge gap,  especially for
farmers in remote areas.

Even  when  extension  services  do  exist,  their  efficiency  is  further  compromised  by  the
unavailability of effective communication due to barriers of language and literacy (Gwagwa et
al.,  2021;  Mhlanga,  2021).  Southern Africa is a linguistically diverse region,  and farmers
routinely express themselves in indigenous languages (such as Chichewa, Shona, Zulu, or
Sesotho)  in  their  daily  lives.  However,  extension materials  and training have traditionally
been conducted in the official languages (like English, Portuguese, or French) or in written
formats that are inaccessible for farmers with low literacy skills. In countries such as Sudan,
Nigeria,  and  Kenya,  several  studies  recorded  language,  illiteracy,  and  low education  as
obstacles  preventing  small-scale  farmers  from  the  use  of  digital  agricultural  information
services (Smidt & Jokonya, 2022; Amankwah-Amoah & Lu, 2024). For example, in Nigeria,
many farmers could not benefit from mobile-based market information because they were
unable to read SMS messages written in English (Bhalla, 2021; Smidt & Jokonya, 2022).
Similarly, rural Kenya faced problems with providing information to farmers due to low literacy
and the lack of content in local languages (Koo et al., 2023). These trends recur across the
SADC region.

In  Zambia,  where  seven  official  vernacular  languages  are  used,  the  fragmentation  of
language as a hindering factor in the adaptation of digital technologies into agriculture is
often underrated (Nalwimba, 2024). Even South Africa, with a relatively higher literacy rate,
has  millions  of  rural  farmers  who,  compared  with  English,  are  more  proficient  in  local
tongues,  the  isiZulu,  isiXhosa,  and  Sesotho,  which  poses  challenges  for  them  when
accessing extension resources that are not  translated (Gikunda, 2024;  Smidt & Jokonya,
2022). The literacy barrier is equally formidable. An analysis into the smallholder adoption of
ICTs  across  Africa  put  that  low  formal  education  and  low  digital  literacy  fundamentally
affected the ability of farmers to access and act upon agricultural information (Amankwah-
Amoah & Lu, 2024). A large population of the older farmers - with a skew towards women -
has poor reading skills, implying that brochures and text-based mobile messages hold no
value to them (Climate Adaptation Platform, 2024; Gwagwa et al., 2021).

2



01/2025 International Business Conference │ IBC

The  state  of  agricultural  extension  speaks  to  the  ongoing  low  acceptance  of  digital
agricultural  innovations  by  farmers  in  Southern  Africa,  despite  widespread  ownership  of
mobile phones. Most Southern African countries have seen great advancement in mobile
penetration in the last decade; the South African case has over 80% smartphone penetration,
and in low-income countries like Malawi, most rural households own at least a basic mobile
phone  (Smidt  &  Jokonya,  2022).  Recent  analysis  of  Southern  African  smallholder  data
confirms high mobile access: in the sample, over 70% of farming households had access to
at  least  one  mobile  phone,  but  there  were  far  fewer  actually  using  an  Internet-enabled
smartphone (Gikunda, 2024; Nalwimba, 2024). All of this is consistent with broader trends; a
study completed in 2021 documented those 33 million smallholder  farmers in Africa had
registered for some form of digital service, yet less than one-third were actually using these
services to earn a tangible benefit (Bhalla, 2021). Very low sustained usage suggests that
just providing digital tools is not enough-user acceptance and usability in local contexts are
crucial (Smidt & Jokonya, 2022; Mhlanga, 2021). 

1.1 Problem Statement 
Researchers point  to  gaps in  ICT infrastructure and "digital  literacy"  as two of  the main
explanations for limited use of e-extension platforms (Amankwah-Amoah & Lu, 2024). By
contrast, many of the earlier digital agriculture interventions (SMS advisories, mobile apps,
etc.) fell short of considering language and literacy constraints. One instance is of a project
sending market prices through SMS in English, which saw limited uptake; only a handful of
farmers  could  read  the  messages,  and  even  fewer  were  confident  enough  to  trust  the
information to alter  their  behaviors (Smidt  & Jokonya,  2022).  There has been increasing
optimism in the last few years that breakthroughs in digital technology, especially AI and
messaging  platforms,  could  revitalize  agricultural  extension  to  break  these  longstanding
barriers (Koo et al., 2023; Gikunda, 2024). AI chatbots utilizing natural language processing
(NLP) and machine learning can understand human-like language and reply in kind. This
opens the door to completely new paradigms for interactive on-demand information service.
This method of knowledge transfer could alleviate literacy constraints if these chatbots could
leverage farmers' local languages in addition to voice and text inputs (Gwagwa et al., 2021).
Farmers  can  access  these  AI-enabled  assistants  via  widely  used  mobile  messaging
applications like WhatsApp and Facebook Messenger, or through easier pathways based on
USSD or SMS, thus overcoming barriers of literacy and language. Presently, for the Southern
African smallholder  theme,  AI  chatbots acting as 'digital  extension agents'  through basic
mobile phones via text or voice, would offer 24/7 answers to extension questions and farming
advice in understandable farmers' languages (Chow, 2024; Wolfberg, 2024). A great idea;
indeed, early pilot studies are promising one such, in Malawi, having demonstrated that an AI
chatbot  speaking  Chichewa allowed farmers  to  obtain  instant  answers  to  questions  that
would otherwise have gone unanswered due to extension worker shortage (Chow, 2024;
Wolfberg, 2024). However, evaluation will need to take place so that the question can be
answered as to whether such interventions will indeed lift language and literacy barriers and
yield better farming success. 

1.2 Research objectives 
This study is set to fill this gap by grounding the discourse on formal empirical evidence and
documented experiences by utilizing the Malawi  IHS5 dataset  and reviewing some early
emerging evidence from AI chatbot deployments within African agriculture. With these aims,
we ask: How can AI-powered chatbots on mobile messaging platforms overcome language
and literacy barriers in agricultural extension, and what impact might this have on Southern
African smallholders?

3



International Business Conference │ IBC 01/2025

2. Literature Review
Smallholder  farmers  in  southern  Africa  are  operating  within  the  larger  purview  on

technology adoption in sub-Saharan agriculture scrutinized in recent literature (Amankwah
Amoah & Lu, 2024; Smidt & Jokonya, 2022). The uptake of digital technology in agriculture
remains  patchy  and  highly  multidimensional,  with  multiple  levels  of  challenges.  In  a
comprehensive  study  on  South  African  small-scale  farmers,  Smidt  and  Jokonya  (2022)
pointed out that adoption of digital tools in agricultural value chains is hampered by external
factors that are beyond farmers' control. Such factors include insufficient rural connectivity
and infrastructure, high costs of devices and data, and low levels of institutional support.
They underscore importantly that low literacy and a lack of localized content are key barriers
for farmers to adapt to ICT solutions. Information in local languages and in formats easily
graspable  by  non-literate  users  is  critical  for  even  the  best-designed  applications  and
services to achieve any traction among the rural poor (Smidt & Jokonya, 2022).

Another comment from Nalwimba (2024) was that Africans' cultures and languages are so
diverse  that  technologies  bar  communities  if  they  fail  to  take  into  consideration  local
language support or simple user interfaces. A large number of African languages are deemed
"low in resources" in the digital domain; thus, they don't have extensive online text corpora to
make digital content and tools for AI (Gwagwa et al., 2021). Ajadi et al. (as cited in Gwagwa
et al., 2021) estimate that about 17 percent of world's languages (many African) are digitally
invisible, which means they do not have any digital presence for them, with all the resulting
effects described above. This developed a vicious cycle: developers mostly focused on a few
dominant  languages,  which  result  in  others  being  ignored  and  which  further  inhibit
communities using those languages from new digital  innovations (Gwagwa et  al.,  2021).
Masakhane initiative, as an example, is currently working on creating open datasets and
translation models for African languages, including Setswana, isiXhosa, and Yoruba, as a
way to build the foundation for inclusive AI applications.

There is one literature body that is looking specifically at agricultural extension and ICTs
with a view to progressive development from old traditional ways through digital and now with
the AI-enhanced approaches.  Most  early innovations in e-extension were by using radio,
video, SMS, and IVR in overcoming literacy constraints (Chow, 2024; Wolfberg, 2024). For
instance, in Ghana, Farmerline provided market prices and agronomic tips in local languages
through  voice  messages,  making  it  accessible  to  farmers  with  little  or  no  reading  skills
(Climate Adaptation Platform, 2024). The community video approach of Digital Green in India
and Ethiopia then piloted set to West Africa contains so much in localized audiovisual content
for improving knowledge retention among smallholders (Koo et al., 2023). These successes
reinforce the belief that content appropriate to a language goes a long way in increasing
farmers' engagement. In fact, a study cited by the Climate Adaptation Platform (2024) found
that  farmers  are  60  percent  more  likely  to  adopt  new  techniques  when  information  is
disseminated in their mother tongue.

However, there remain many extension programs not producing content at the local level.
Gikunda (2024) states that  there are also the well-known problems of  infrastructure and
funding shortages in Africa, but an insidious issue arises, which begs the question of the
mismatch of technology use from the perspective of design and user reality. The impact is
lost on a farmer with low formal education who is not immediately understandable by an
advisory  message.  Mhlanga  (2021)  corroborates  by  situating  this  argument  within  the
broader development agenda. According to Mhlanga, AI in Industry 4.0 would expand the
space for inclusion into groups excluded previously, as current AI platforms would enable
users  from disadvantaged  backgrounds  to  have access  to  knowledge  and  services  that
hardily accessible in the past. This bears some semblance to the upbeat claim that AI could
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"leapfrog" some of the development hindrances, although only with careful implementation
(Mhlanga, 2021).

One line  is  distinct  yet  adjacent  to  the  others,  i.e.,  that  considering  the  advent  of  AI
chatbots in agriculture, Tzachor et al. (as cited in Koo et al., 2023) outline the role of large
language  models  (LLMs)  within  the  extension  services.  Two  major  advantages  are
recognized in being able to put complex scientific knowledge into user-friendly language and
to personalize the advisory according to a farmer's particular question. ChatGPT was put to
the test in answering questions from Nigerian cassava farmers, for example, and generally
produced correct answers; thus, the strong potential (Koo et al., 2023). Some answers did
not have local specificity, proving that AI models have to be further localized or honed with
local data. Local context is said to be emphasized by Gwagwa et al. (2021), who further
assert that content must incorporate knowledge about local agronomic conditions, cultural
practices, and language nuances to be trusted. The idea of "AI bridging the language barrier"
resonates strongly through pilot initiatives such as Opportunity International's Ulangizi AI in
Malawi or Farmerline's Darli  AI in Ghana, both recognized for deploying chatbots in local
languages (Chow, 2024; Climate Adaptation Platform, 2024).

In July 2021, SoWes and MdD jointly conducted a survey on digital agriculture in southern
Africa, which infected the research program in 2022. Internal barriers to the use of digital
solutions include skill  mismatches,  language mismatches,  and cultural  mismatches, while
external  barriers  are  considered  poor  broadband  and  significant  policy  shortcomings
(Amankwah-Amoah & Lu 2024). Another point in the language constraint is that if a digital
solution is not available in local languages, it rarely stands a chance of getting government or
donor support. Thus, we need to gauge the extent of convergence between language and
literacy as obstacles. The language barrier has traditionally been viewed as a minor issue or
last-mile problem; however, the growing body of literature suggests that the language barrier
is now increasingly being recognized as a central issue that determines whether farmers
indeed are able to adopt and benefit from extension innovations or not (Nalwimba, 2024).

It is documented in literature that growing connectivity, combined with AI innovation and an
urge for contextual design, is critical for the enhancement of agricultural extension services.
The pertinent question for the peasant studies would be whether AI chatbots would be able
to do better than their predecessors in bridging communication gaps. For such chatbots to
ultimately flourish in the field, they need to support local languages, embed local agronomic
expertise, and tie directly into active real-world extension systems (Smidt & Jokonya, 2022;
Koo et al., 2023). This analysis, therefore, builds on this foundation, examining, in addition to
the conceptual promise, severe actual experiences with AI chatbots based on a dataset on
digital adoption in Malawi.

2.1 Review of technology adoption frameworks
Inorder to deepen the analytical rigor of this study, it is essential to anchor the investigation

of  AI-enabled  agricultural  chatbots  within  established theoretical  frameworks  that  explain
technology  adoption  and  social  inclusion.  Three  prominent  frameworks  are  reviewed;
Technology Acceptance Models (TAM), Institutional Theory, and Digital Inclusion Theory to
offer valuable conceptual lenses to understand the multifaceted challenges and opportunities
associated with deploying artificial intelligence in smallholder farming contexts.

The Technology Acceptance Model (TAM), originally developed by Davis (1989), is one of
the  most  widely  used  theoretical  frameworks  to  explain  user  adoption  of  information
technologies. The model posits that an individual's behavioral intention to use a technology is
primarily influenced by two factors: Perceived Usefulness (PU) and Perceived Ease of Use

5



International Business Conference │ IBC 01/2025

(PEOU).  In  rural  agricultural  settings,  particularly  where  digital  literacy  is  low,  these
constructs become critical to understanding adoption dynamics.

In  subsequent  adaptations  such as TAM2 (Venkatesh & Davis,  2000)  and the Unified
Theory of Acceptance and Use of Technology (UTAUT) (Venkatesh et al., 2003), factors such
as social influence, facilitating conditions, and user experience were integrated to address
more  complex  environments.  These  models  are  especially  pertinent  in  the  African
smallholder  context,  where  infrastructural  constraints,  cultural  norms,  and  communal
decision-making processes often mediate individual technology adoption. In the context of
AI-powered chatbots for agriculture, PU relates to whether farmers perceive the chatbot as
delivering  accurate,  timely,  and  relevant  information,  while  PEOU  hinges  on  language
accessibility, interface simplicity, and voice interactivity. The use of indigenous languages and
voice  inputs  as  seen  in  initiatives  like  Ulangizi  AI  in  Malawi  can  significantly  improve
perceived  ease  of  use,  thereby  increasing  uptake.  However,  empirical  testing  of  TAM
constructs  in  these  chatbot  projects  remains  limited  and  presents  an  avenue  for  future
research.

Institutional  Theory,  as  articulated  by  Scott  (2001),  focuses  on  how  institutional
environments  comprising  regulatory  structures,  normative  expectations,  and  cultural-
cognitive schemas, shape organizational behaviours and practices. In agricultural extension
systems,  especially  in  the  Global  South,  the  uptake  and  sustainability  of  technological
innovations are profoundly shaped by institutional dynamics. This perspective underscores
the importance of  aligning AI  chatbot  interventions  with  existing  formal  institutions  (e.g.,
government extension services, national agricultural policies) and informal institutions (e.g.,
community norms, farmer cooperatives). For instance, when chatbots are embedded within
the existing extension infrastructure and endorsed by recognized public authorities, they are
more likely to be perceived as legitimate and trustworthy. Conversely, pilot interventions that
remain peripheral to formal systems often struggle to scale or achieve lasting impact (Tolbert
& Zucker, 1996). 

Digital  Inclusion  Theory  focuses  on  equitable  access  to,  and  meaningful  use  of,
information  and  communication  technologies  (ICTs),  particularly  among  marginalized
populations  (Warschauer,  2003;  Selwyn,  2004).  The  theory  posits  that  access  alone  is
insufficient;  individuals  must  also  have  the  skills,  support  systems,  and  socio-cultural
alignment  to  benefit  from  digital  tools.  This  framework  is  highly  relevant  to  AI  chatbot
initiatives targeting smallholder farmers, many of whom face intersecting barriers of illiteracy,
linguistic exclusion, gender-based disparities, and economic precarity. For instance, in sub-
Saharan Africa, women are disproportionately affected by the digital divide, being less likely
to own mobile phones, access the internet, or receive digital training (GSMA, 2023). A digital
inclusion perspective demands that chatbot design consider local language support, voice-
based  functionalities,  offline  modes,  and  community-mediated  access  (e.g.,  via  local
extension agents or support groups). Furthermore, digital inclusion emphasizes participatory
design and feedback loops, ensuring that technologies are co-developed with users rather
than imposed upon them. For AI to be a transformative tool in agriculture, chatbot systems
must integrate local  knowledge,  support  indigenous languages,  and be embedded within
broader strategies for digital and agricultural capacity building.

Integrating frameworks such as the Technology Acceptance Model, Institutional Theory,
and Digital Inclusion Theory deepen the academic value of the study. These frameworks
assist to contextualize the success and limitations of current chatbot initiatives but also guide
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future  research  and  policy  design  for  more  equitable  and  sustainable  technological
integration in agricultural extension.

3. Research Methodology
The research relied on case study reviews. Most of the reviewed articles were ts main
source of data is the publicly available "Malawi Fifth Integrated Household Survey (IHS5)
2019-2020", maintained by the National Statistical Office of Malawi (2021), and available
through the World Bank Microdata Library. Malawi, as a member of the SADC, shares
commonalities with many of its regional neighbours and therefore serves as a proper
smallholding-agriculture-dominated  microcosm.  The  dataset  provides  detail  about  the
household economy, demographics, and agricultural indicators, including dimensions of
digital technology use.
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3.1 Data Collection Methods
In a two-step process, a subsample of smallholder farming households was extracted from
IHS5  using  Stata  and  Python,  with  smallholders  defined  as  those  farming  less  than  5
hectares  of  land  (Wolfberg,  2024).  The  subsample  consisted  of  approximately  8,000
households. Analysis was carried for consideration of key variables:

 Degree of education/level of formal education of the household head (proxy for
literacy,)

 Primary language spoken at home,

 Ownership of mobile phones,

 Internet usage or usage of mobile apps,

 Receipt  of  agricultural  information  through  digital  means  (e.g.,  SMS  or
smartphone), and

 Regularity of contact with extension officers or any extension channel.

Descriptive statistics and cross-tabulation tables were generated. We examined correlations
between literacy and using a mobile application for farm information, primary language and
reading/adopting extensions messages, and extending contacts amongst farmers with more
digital use (Smidt & Jokonya, 2022). This quantitative perspective gave an empirical baseline
on general patterns with language, literacy, and digital adoption.

3.2 Case study review
The results were extracted from a literature-based review of AI chatbot initiatives salient to
smallholder extension in Southern Africa. Prominent cases included: Ulangizi AI in Malawi,
Darli  AI  by  Farmerline  (Ghana-based  but  pan-African  scope),  ChatGPT-based  “virtual
extension” trial in Nigeria (Koo et al., 2023).

For each case, information was gathered on design (platforms, languages), scale (number of
users,  coverage),  and  outcomes  (user  engagement,  changes  in  farmers'  knowledge  or
practice).  The  information  was  gathered  from NGO reports,  media  sources,  e.g.,  TIME,
Thomson Reuters, and official announcements or blogs by the organizations implementing
the projects. This information was correlated with testimony from farmers where possible,
focusing on the extent  to  which chatbots addressed challenges of  language and literacy
(Chow, 2024; Climate Adaptation Platform, 2024). Other limitations considered here are: the
challenges with infrastructure, the need for human oversight,  and how trust or  perceived
credibility affected adoption (Gwagwa et al., 2021).

3.3 Integration and Ethics 
By merging the analysis of the dataset with insights from actual case studies, we give a

comprehensive picture of the possible ways AI chatbots can solve language and literacy-
related  problems.  All  data  used  were  secondary  and  anonymized,  thus  mitigating  the
likelihood of direct human subject issues. Such an approach responds to calls in peasant
studies for empirical data that mesh macro-level and micro-level experiences (Amankwah-
Amoah & Lu, 2024; Mhlanga, 2021). Our analysis therefore brings these findings together to
provide useful  insight into how AI chatbots narrow knowledge gaps and discuss broader
implications of extension policy.
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4. Results and Findings
4.1 Profile of Language, Literacy, and Digital Adoption among Smallholders

Analysis of the Malawi IHS5 dataset highlights the magnitude of literacy and language
barriers. The significance of  this impediment is evidenced by the fact  that about  35% of
household heads in the subsample of smallholders reported no formal schooling, resulting in
an overall adult literacy rate of just about 65% among these farming households (National
Statistical Office of Malawi, 2021). Illiteracy was reportedly more concentrated among the
older farmer category and among women, which is consistent with a larger trend in sub-
Saharan Africa (Smidt & Jokonya, 2022). With regard to language used, over 80% spoke
Chichewa or a local Bantu language at home, while those for whom English was their home
language  were  below  10%.  Thus,  receiving  extension  service  recommendations  in  the
English language was probably considered a hard obstacle, as many were reported invoking:
"struggling with English" or could not read English at all (Mhlanga, 2021).

The smallholders were generally a telephone-using population: about 68% owned at least
one phone, of probably a basic feature one. internet use, however, was negligible, with only
about 12% having used any internet or mobile app in the past year, even fewer—about 5%-
using a phone-based agricultural advisory service; only 8% had received any SMS-based
agri-information. These figures confirmed findings in other sub-Saharan countries where the
demarcation  between  phone ownership  and productive  use for  agriculture  remains  wide
(Bhalla, 2021; Smidt & Jokonya, 2022). Analysis by literacy levels shows a stark contrast:
almost no one used far-digital services with an illiterate farmer, indicating that a text-heavy
solution in English is failing to engage them (Gwagwa et al., 2021). In contrast, educated
farmers were significantly more likely to attempt mobile apps or online resources. Focus
group discussions in the qualitative module of the dataset support that language mismatch
and literacy limitations deter many farmers from using existing digital extension avenues.
Some farmers  might  ask  neighbors  or  relatives  to  interpret  the  message  if  it  arrives  in
English, delaying or diluting the message (Smidt & Jokonya, 2022; Mhlanga, 2021).

Extension  contact  (in-person)  was  reported  by  around  42%  of  households—decent
coverage compared to some African contexts. Yet many bemoaned the infrequency of visits
or the limited time extension officers can spend, especially in remote villages (Amankwah-
Amoah & Lu, 2024). Some who had extension contact also used digital tools, suggesting
complementarity: extension workers might introduce farmers to relevant apps or groups. All
in  all,  the dataset  underlines that  while phones are present,  they offer  little  to  no digital
extension  anymore,  largely  because  of  the  compounding  effect  of  literacy  constraints,
English  content,  and  a  lack  of  user-oriented  design.  This  sets  the  premise  for  how  AI
chatbots address these shortcomings specifically(Koo et al., 2023; Gikunda, 2024).

4.2 Case Evidence of AI-Powered Chatbots
4.2.1 Ulangizi AI (Malawi)

Developed by Opportunity International, Ulangizi is an AI chatbot that was started in Malawi
in early 2024 on WhatsApp (Wolfberg, 2024). It understands and responds in both English
and  Chichewa-English  farmers  type  the  questions,  or  send  them  voice  notes,  in  either
language  (Chow,  2024).  It  handled  over  4,000  inquiries  during  a  three-month  pilot,
approximately  half  of  which  were  in  Chichewa.  Some common  questions  included  pest
control,  planting  dates,  fertilizer  applications,  and  livestock  care.  Since  smartphone
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penetration  is  low in Malawi  (approximately  15%),  Ulangizi  operates  a community-based
approach whereby “farmer support agents”, with smartphones assist groups of farmers in
utilizing  the  chatbot.  This  blended  approach  addresses  device  and  literacy  barriers
simultaneously allowing illiterate farmers to ask questions orally while either the agent or the
chatbot responds with audio. Feedback from pilot participants was overwhelmingly positive
(Chow,  2024;  Wolfberg,  2024).  Farmers  mentioned  the  value  of  getting  rapid  advice
whenever it was needed instead of waiting days or traveling to an extension office. Another
factor was that the chatbot's ability to converse in Chichewa was key for inclusivity. Some
farmers used the chatbot to send pictures of diseased crops, and then Ulangizi used image
recognition  plus  the  associated  text  to  help  diagnosis  and  recommend  treatments.  Still
dependent  on  3G  connectivity,  the  pilot  demonstrated  a  phenomenal  increase  in  user
satisfaction when tools were responsive to local languages and beyond literacy barriers.

4.2.2 Darli AI (Farmerline)

Launched in March 2024 by Ghana-based agri-tech social enterprise, Farmerline, Darli AI
was envisioned from the outset to be pan-African, considering expansions to Southern Africa
(Climate Adaptation Platform, 2024). While Farmerline's interests are mainly in West Africa,
Darli's design has allowed it to envisage a pan-African canvas, including Southern Africa.
The pool of Darli's advantage stands with the ability to operate using voice and text across
20 plus African languages with tons of  applications in  Swahili,  Twi,  Yoruba,  Hausa,  and
others  (Climate  Adaptation  Platform,  2024).  This  massive  language  approach  ensures
coverage of large portions of the continent, with local variations and dialects still  being a
challenge. To clarify, while a farmer in Uganda would speak Luganda, a farmer in Malawi
would be speaking Chichewa, and both would simultaneously receive timely and relevant
advice. Early uptake statistics have been promising, with thousands of people engaging the
chatbot within months. Darli utilizes large-language models that are tuned to local agricultural
data.  According  to  Farmerline,  language  personalization  significantly  increases trust  and
consistent  usage (Climate Adaptation Platform, 2024).  Recognized as one of  TIME's top
innovation  in  2024,  Darli  exemplifies the potential  of  an AI  chatbot,  yet  it  would  require
continuous  curation  due  to  the  risk  of  "garbage  in,  garbage  out"  should  the  AI  draw
references  from  outdated  or  inappropriate  data.  Farmerline  therefore  partnered  with
agronomists and local extension staff in the upkeep of the knowledge base. In moments of
crisis such as pest outbreaks and extreme weather conditions, farmers classify the service
as one similar to "911 for farming" (Chow, 2024).

4.2.3. Nigeria Trial of ChatGPT-Based Advisory

The ChatGPT-based advisory trial in Nigeria is not by any means a formal extension service
but  serves  to  shed  light  on  the  capabilities  of  AI.  The  researchers  tested  ChatGPT on
responses  to  generic  cassava  farming  queries  in  English.  Overall,  the  results  were
reasonably accurate but lacked specificity and should be interpreted in the context of local
data. On the other hand, ChatGPT and/or other large language models could provide direct,
site-specific  advice  when  combined  with  corpora  in  the  local  language  and  relevant
agronomic information (Koo et al., 2023). The response time and the range of questions that
could be asked show generative AI's harnessing of an infinite number of queries in real time.
A noncontextualized generic model creates an additional danger, emphasizing the pressure
for contextualization of the LLMs in local settings, as observed in the cases of Ulangizi and
Darli.
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4.3 Common Themes and Challenges

Across all cases, user engagement rose when services operated in local languages through
familiar  channels  (WhatsApp,  SMS).  Farmers  appreciated  voice  options  that  bypassed
literacy barriers. Another emerging trend is that chatbots quickly cover a wide area of farm-
related  inquiries.  Farmers  can  question  about  different  crops,  livestock,  and  marketing
issues,  which is  more convenient  than travelling to multiple extension services (Smidt  &
Jokonya, 2022). Benefits have already been shown in solving problems, e.g. identifying fall
armyworm in a timely manner,  and possible yield gains.  But  there are still  difficulties.  It
seems that scale is hampered by infrastructure challenges like limited smartphone usage
and  poor  connectivity  in  underdeveloped areas.  Also  left  uncurated,  AI  outputs  may  go
astray,  offering  dubious  or  generalized  advice.  Ulangizi,  in  Malawi,  counter-checked  its
advice against official extension manuals in Chichewa and allowed human experts to review
its logs for correction of errors. Trust in AI stands another barrier: some sceptical farmers
reject “phone’s advice,” thus calling for endorsement by recognized bodies (Wolfberg, 2024).
Privacy  and data  ethics arise:  farmers share sensitive information regarding their  farms,
hence, data governance should be brought forth (Gwagwa et al., 2021). Thus, these findings
confirm that AI chatbots can address language-literacy gaps and provide real value should
context-specific solutions be developed and integrated into extension systems.

4.3 Discussion of results

The convergence  of  these  data  and  cases  indicates  several  key  points  regarding  AI-
powered chatbots in agricultural extension for Southern Africa. Inclusion is a larger question:
how do we ensure that AI interventions are of any relevance to smallholders, particularly
those with limited literacy, versed in under-resourced languages? Our work shows that an AI
chatbot that captured local linguistic and cultural variations could go a long way in ensuring
an inclusive reach. By serving in local languages via voice interfaces, the chatbot “speaks
the farmer’s language,” eliminating both linguistic and text barriers (Mhlanga, 2021; Gikunda,
2024). Contact empowers farmers by placing them in the driver's seat, able to consult an AI
at any time, rather than passively waiting for an extension officer, who has their own limited
schedule (Chow, 2024; Wolfberg, 2024). This participatory approach is in line with extension
principles that prioritize two-way dialogue rather than imposing top-down edicts.

While the paper notes the challenges facing older  and less literate farmers,  a deeper
engagement with gender-specific barriers can enhance the inclusivity argument.  In many
African contexts, women farmers are both central to agricultural production and more likely to
face literacy, mobility, and technology access barriers. According to GSMA (2023), women in
sub-Saharan Africa are 13% less likely to own a mobile phone and 20% less likely to use
mobile  internet  than men.  AI-driven agricultural  tools  must  therefore  incorporate  gender-
sensitive design. For example, voice-based interfaces and group-based usage models could
help  overcome  literacy  and  access  issues  for  women.  Engaging  women’s  farming
cooperatives  in  co-design  processes  can  further  ensure  relevance  and  sustained  use
(GSMA, 2023).

As AI tools collect increasing amounts of farmer-level data, from queries to images and
geolocation, questions around data privacy, ownership, and ethical use become pressing.
There is a risk that without clear governance frameworks, such data could be misused or
commercialized in ways that harm smallholders. The African Union’s Digital Transformation
Strategy for Africa (2020–2030) underscores the need for sovereign data governance and
transparent  data-sharing  mechanisms.  Integrating  ethical  AI  principles—such  as  those
developed by UNESCO (2021)—into chatbot design could strengthen trust, especially where
local institutions lack strong digital regulation (African Union, 2020; UNESCO, 2021).
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The  development  of  AI  tools  in  low-resource  languages  remains  a  key  constraint  for
scalability. Although projects like Masakhane are contributing to the creation of open African
language models, national governments and universities need to play a more active role in
developing language data and training local talent. Partnering with institutions like Makerere
AI Lab or University of Cape Town’s Digital Humanities Program can accelerate progress in
creating  natural  language  processing  (NLP)  models  for  underserved  languages  such  as
Tonga, Tswana, or Ndebele. These collaborations can ensure that AI development remains
grounded in local realities and technical capacity is retained in the region (Masakhane NLP,
2023; Makerere AI Lab, 2022).

The long-term viability of AI chatbots in agriculture hinges not only on technology but also
on financing. Many pilots rely on donor funding with no clear path to scale. Public-private
partnerships (PPPs) offer one way forward: governments could fund the baseline chatbot
services  for  public-good  extension  while  allowing  agribusinesses  to  build  value-added
services  (e.g.,  input  supply  recommendations,  credit  scoring).  Similar  models  have
succeeded  in  India’s  digital  agriculture  space,  where  public  institutions  develop  digital
platforms while private firms plug into them. The World Bank (2021) recommends tiered
service models to align sustainability with inclusiveness (World Bank, 2021).

Nonetheless, a key qualification is the veracity and relevance of the AI advice. Agriculture
is  quite  heterogeneous,  local  knowledge  usually  dictates  best  practices.  While  a  large
language model can usually pluck from a useful range of general advice, it might not account
for the particularities of local microclimate variations or pest pressures. The ChatGPT trial in
Nigeria  exhibited  promise  but  necessitates  stronger  local  fine-tuning  (Koo  et  al.,  2023).
Ulangizi  in  Malawi  and  Darli  by  Farmerline  signal  that  working  closely  with  government
extension and local agronomists can provide localized data and guidelines in order to train AI
systems so that its chatbot advice complies with official extension guidelines but also codifies
local level knowledge. Hence the preferred model is hybrid: AI carries the load for answering
questions that are at low levels of complexities but quite frequent from the farmers, while
human experts or extension workers tackle more complex or ambiguous scenarios (Koo et
al., 2023). This synergy could lighten extension worker's workload while assuring quality.

Still,  another  fundamental  theme  remains  digital  literacy  and  uptake.  Even  with  user-
friendly chatbots, some farmers will struggle if they are ill-familiar with navigating a phone
menu or if they do not own a smartphone. This is where the Malawian community “support
agent” approach works as an intermediary. This resonates with what earlier experiences in
digital agriculture showed, where local youth or input dealers were trained to operate digital
devices on behalf  of  farmers (Amankwah-Amoah & Lu, 2024; Wolfberg, 2024). So much
more  will  be  able  to  approach  farmers  as  smartphone  prices  drop:  however,  bridging
assistance will very much remain a pressing necessity in the near future. For digital literacy
training, governments and NGOs should step up, so that farmers evolve to be independent
users  in  the  long  run.  In  fact,  technology  adoption  in  a  rural  context  will  always  need
continuous capacity building, at least for older and marginalized farmers (Smidt & Jokonya,
2022).

There are other discussions surrounding infrastructural and economic sustainable issues.
AI chatbots rely given connectivity, hosting services, and model updates. Most pilot programs
depend on donor funding, raising questions regarding long-term sustainability after the pilot
phase. Perhaps governments could use the chatbots in the national extension strategy and
fund  the  server  and  expansions.  Complementary  solutions,  in  cases  of  lacking  network
coverage or data affordability, should be explored—for example, offline or USSD-based AI for
basic  phones.  Widespread  scalability  of  chatbots  may  require  co-funding  models—for
example,  input  companies  or  financial  institutions  may subsidize  usage  in  exchange for
reaching large numbers of farmers (Amankwah-Amoah & Lu, 2024). In all possibilities, very
critical  consideration  must  be  given  to  avoiding  instances  where  an  AI  service  that  the
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farmer's nurtured trust disappears suddenly because funding scales back, eroding trust in the
next attempt.

Power  dynamics  and  trust  must  also  be  discussed  regarding  peasant  studies  and
development. Historically, conventional extensionation would have paternalistic or top-down
tendencies, with farmers distrusting at times official messages viewed to be misaligned with
their lived realities. Ironically, AI chatbots might be viewed as more neutral or objective, but
this  could be dependent  on the extent  of  transparency surrounding the data-source and
system controllers.  Partnership  formation with  local  cooperatives/farmer  associations  can
instill trust, as farmers view the chatbot not in terms of corporate intrusion but rather as a tool
for  their  mutual  interest  (Gwagwa  et  al.,  2021).  Presenting  the  chatbot  from  the  local
extension authorities and communities as a co-owned initiative ensures accountability and
feedback. Organic trust is built when farmers see tangible benefits over time.

Most  importantly,  chatbots  would  collect  farmer  feedback-translating  indigenous
knowledge or local realities back into a central repository. This would lend more flexibility to
the system concerning local contexts. Some projects now use the queries from farmers to
diagnose emergent topics like a new outbreak of pests and to intervene proactively. On the
other hand, chatbots could further democratize extension by providing the opportunity for
"bottom-up"  input,  in  line  with  notions  of  inclusive  development.  The  massive  corpus  of
farmer-agent  exchanges  would  also  serve  to  inform  policy  by  elevating  into  the
consciousness those topics that farmers are mainly asking about or which challenges keep
recurring.

Resilience and food security might, as another topic, receive a broader discussion. If the
use of these AI chatbots greatly encourages adoption among farmers for improved practices
such as timely planting, integrated pest management, and climate-smart procedures, the net
effect may very well begin to bridge yield gaps that afflict agriculture in Africa. In addition,
integrating  climate  advisory  into  the  offer  (for  instance,  through  weather-based  planting
recommendations) will better prepare farmers for dealing with climate variability. By providing
a real-time advisory channel, chatbots allow farmers to respond quickly to crises, whether
weather or  pest.  Chatbots could,  for  example, send out  alerts regarding imminent locust
swarms or recommendations on water-saving irrigation when the forecast looks dry. Such
quickness was never possible through traditional extension.
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5. Managerial Implications
Disparities  in  access  exist,  along  with  macro-level  issues  of  land  tenure  insecurity  and
market failures that keep smallholders from progressing. AI chatbots deal with one slice of
the  puzzle  of  knowledge  and  communication,  but  they  must  be  plugged  into  the  larger
development framework that manages input supply, credit access, value chain linkages, and
policy reform. If over-dependent on AI alone, the approach is fraught with the risk of failure if
the pieces of the puzzle that are structural are not sorted out. Meanwhile, gender equity in
usage is the key, paired with the acknowledgment that women farmers tend to encounter
more significant literacy barriers and phone ownership accessions. Certain design features
and outreach to women's groups would help close the gender digital divide, preventing new
technology from deepening existing inequities.

From an institutional and policy perspective, localising AI-powered chatbots can fill an urgent
need to bridge the language and literacy barriers that have long hindered the effectiveness of
delivering extension services throughout Southern Africa. Preliminary successes of Ulangizi,
Darli,  and  others  confirm  feasibility  and  user  enthusiasm.  Localization  of  AI  into  the
numerous languages and contexts existing across the region, building trust from human–AI
partnerships,  and  sustainability  of  solutions  is  valuable.  This  strategy  could  fast-track
agricultural transformation, allowing smallholders to become active knowledge-seekers, not
passive recipients. For studies targeting smallholder farmers, digital technology can enhance
the agency and resilience of small-scale farmers. 

6. Conclusions and Future Research
This research set out to explore how AI-assisted chatbots on mobile messaging platforms
may  help  overcome  the  enduring  language  and  literacy  gaps  in  agricultural  extension
services for Southern African smallholder farmers. On the basis of both data and real-life
examples,  we  demonstrate  that  these  AI  tools  truly  hold  excellent  promise  to  render
extension services more accessible, inclusive, and effective. Our field observations suggest
that quite significant  sections of smallholders in the region are, indeed,  poorly served by
extension due to poor language matching and low literacy. How do farmers gain from advice
that they do not understand (Smidt & Jokonya, 2022; Amankwah-Amoah & Lu, 2024)? Other
digital solutions have tried to fill that gap; with low uptake rates of text services in our own
dataset and other prior studies, it is evidently true that they have not done so convincingly. AI
chatbots, on the other hand, go very far beyond: they apply natural language processing to
converse with farmers in an interactive manner, using their own languages, and use voice
interfaces to minimize reading barriers (Wolfberg, 2024; Chow, 2024).
The implications from this are profound. Once farmers can ask questions freely and obtain
answers on the spot in a comprehensible format, this heralds a departure from the classical
top-down, occasional extension approach toward a highly interactive one. Initial successes
such as Ulangizi  AI in Malawi demonstrate that farmers value having a "digital  extension
agent" available in real-time, in their language. Examples such as Darli AI further show that
advanced language modelling can be designed to accommodate multiple African languages,
greatly  broadening  their  potential  reach.  While  scaling  up  will  require  investment  in
infrastructure, connection, digital literacy, and continuous curation of the AI knowledge base,
savings on efficiency could be enormous, given that an AI can handle thousands of queries
at once, liberating human extension agents to focus on more complicated ones. Beyond that,
data  gleaned  through  chatbot  interactions  can  inform  national  agricultural  policies  and
interventions.

Real challenges remain for the AI tools. AI's accuracy will have to be animatedly monitored,
as there exists a plethora of local conditions and dialects. There is need to build trust: some
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farmers  are  sceptical  about  receiving  instructions  from  a  phone  rather  than  a  known
extension worker. There still are gaps related to infrastructure, particularly in remote localities
that could benefit from the existence of mobile networks. Economic sustainability looms too:
many of the pilot projects are funded externally, while actual sustainability may hinge on the
need to attract either government or private sector support. Yet the prospect of AI chatbots'
actually making a difference to agricultural knowledge transfer in marginalized communities
cannot  be ignored.  These tools  can open up many other pathways,  including increasing
yields or improving resilience to climate variability if  it  addresses issues of language and
literacy. If integrated into national extension strategies in a meaningful way, which include a
whole bunch of local ownership, well-designed trainings, and policy frameworks that promote
responsible AI, the confluence of human expertise and machine-driven scale shall re-script
extension services for Southern African smallholders.
Future researchers may build upon these insights by monitoring long-term effects on the
productivity of farms and household incomes with the advent of chatbots while examining
sociocultural  determinants  of  their  acceptance.  Researchers  could  also  examine  the
application of chatbots to encourage indigenous knowledge transfer or to advance women's
empowerment in agriculture. A little bit hyperbolically, perhaps, but "Overcoming language
and literacy barriers in agricultural extension through AI chatbots" is, for lack of other extents,
not simply a theoretical proposition but could very soon become a viable reality heralding an
egalitarian and more effective future for the peasant communities in the region.
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	1. Introduction
	Agricultural extension services are important in the productivity and resilience of smallholder farmers, who constitute the backbone of Southern Africa's agricultural sector (Gikunda, 2024; Smidt & Jokonya, 2022). Such extension programs impart information on improved practices, inputs, weather, and markets to enable farmers to make informed choices and to adopt innovations. However, in the whole SADC region, the reach and impact of traditional extension are diminished by structural and communicational barriers. An everlasting problem is the extent of limited coverage and capacities of extension systems. Numerous countries face an acute shortage of extension agents against the farmer population. A single extension officer might be in charge of 1,500 or even more farmers in parts of sub-Saharan Africa, which is far away from the recommendations by Food and Agriculture Organization of one per 400 farmers (Smidt & Jokonya, 2022; Nalwimba, 2024). In Nigeria, ratios as high as 1:5,000–10,000 have been reported (Bhalla, 2021), and similar constraints exist for certain contexts in Southern Africa. This under-staffing is, furthermore, coupled by the geographical remoteness of many rural areas, with not enough funding trickling down for extension activities, meaning many smallholders receive little to no direct advisory support. Farmers often wait many days or even weeks for the extension officer to visit, or they travel long distances to an extension office and find it closed or under-resourced (Smidt & Jokonya, 2022; Mhlanga, 2021). These limitations create a massive knowledge gap, especially for farmers in remote areas.
	Even when extension services do exist, their efficiency is further compromised by the unavailability of effective communication due to barriers of language and literacy (Gwagwa et al., 2021; Mhlanga, 2021). Southern Africa is a linguistically diverse region, and farmers routinely express themselves in indigenous languages (such as Chichewa, Shona, Zulu, or Sesotho) in their daily lives. However, extension materials and training have traditionally been conducted in the official languages (like English, Portuguese, or French) or in written formats that are inaccessible for farmers with low literacy skills. In countries such as Sudan, Nigeria, and Kenya, several studies recorded language, illiteracy, and low education as obstacles preventing small-scale farmers from the use of digital agricultural information services (Smidt & Jokonya, 2022; Amankwah-Amoah & Lu, 2024). For example, in Nigeria, many farmers could not benefit from mobile-based market information because they were unable to read SMS messages written in English (Bhalla, 2021; Smidt & Jokonya, 2022). Similarly, rural Kenya faced problems with providing information to farmers due to low literacy and the lack of content in local languages (Koo et al., 2023). These trends recur across the SADC region.
	In Zambia, where seven official vernacular languages are used, the fragmentation of language as a hindering factor in the adaptation of digital technologies into agriculture is often underrated (Nalwimba, 2024). Even South Africa, with a relatively higher literacy rate, has millions of rural farmers who, compared with English, are more proficient in local tongues, the isiZulu, isiXhosa, and Sesotho, which poses challenges for them when accessing extension resources that are not translated (Gikunda, 2024; Smidt & Jokonya, 2022). The literacy barrier is equally formidable. An analysis into the smallholder adoption of ICTs across Africa put that low formal education and low digital literacy fundamentally affected the ability of farmers to access and act upon agricultural information (Amankwah-Amoah & Lu, 2024). A large population of the older farmers - with a skew towards women - has poor reading skills, implying that brochures and text-based mobile messages hold no value to them (Climate Adaptation Platform, 2024; Gwagwa et al., 2021).
	The state of agricultural extension speaks to the ongoing low acceptance of digital agricultural innovations by farmers in Southern Africa, despite widespread ownership of mobile phones. Most Southern African countries have seen great advancement in mobile penetration in the last decade; the South African case has over 80% smartphone penetration, and in low-income countries like Malawi, most rural households own at least a basic mobile phone (Smidt & Jokonya, 2022). Recent analysis of Southern African smallholder data confirms high mobile access: in the sample, over 70% of farming households had access to at least one mobile phone, but there were far fewer actually using an Internet-enabled smartphone (Gikunda, 2024; Nalwimba, 2024). All of this is consistent with broader trends; a study completed in 2021 documented those 33 million smallholder farmers in Africa had registered for some form of digital service, yet less than one-third were actually using these services to earn a tangible benefit (Bhalla, 2021). Very low sustained usage suggests that just providing digital tools is not enough-user acceptance and usability in local contexts are crucial (Smidt & Jokonya, 2022; Mhlanga, 2021).
	1.1 Problem Statement
	Researchers point to gaps in ICT infrastructure and "digital literacy" as two of the main explanations for limited use of e-extension platforms (Amankwah-Amoah & Lu, 2024). By contrast, many of the earlier digital agriculture interventions (SMS advisories, mobile apps, etc.) fell short of considering language and literacy constraints. One instance is of a project sending market prices through SMS in English, which saw limited uptake; only a handful of farmers could read the messages, and even fewer were confident enough to trust the information to alter their behaviors (Smidt & Jokonya, 2022). There has been increasing optimism in the last few years that breakthroughs in digital technology, especially AI and messaging platforms, could revitalize agricultural extension to break these longstanding barriers (Koo et al., 2023; Gikunda, 2024). AI chatbots utilizing natural language processing (NLP) and machine learning can understand human-like language and reply in kind. This opens the door to completely new paradigms for interactive on-demand information service. This method of knowledge transfer could alleviate literacy constraints if these chatbots could leverage farmers' local languages in addition to voice and text inputs (Gwagwa et al., 2021). Farmers can access these AI-enabled assistants via widely used mobile messaging applications like WhatsApp and Facebook Messenger, or through easier pathways based on USSD or SMS, thus overcoming barriers of literacy and language. Presently, for the Southern African smallholder theme, AI chatbots acting as 'digital extension agents' through basic mobile phones via text or voice, would offer 24/7 answers to extension questions and farming advice in understandable farmers' languages (Chow, 2024; Wolfberg, 2024). A great idea; indeed, early pilot studies are promising one such, in Malawi, having demonstrated that an AI chatbot speaking Chichewa allowed farmers to obtain instant answers to questions that would otherwise have gone unanswered due to extension worker shortage (Chow, 2024; Wolfberg, 2024). However, evaluation will need to take place so that the question can be answered as to whether such interventions will indeed lift language and literacy barriers and yield better farming success.
	1.2 Research objectives
	This study is set to fill this gap by grounding the discourse on formal empirical evidence and documented experiences by utilizing the Malawi IHS5 dataset and reviewing some early emerging evidence from AI chatbot deployments within African agriculture. With these aims, we ask: How can AI-powered chatbots on mobile messaging platforms overcome language and literacy barriers in agricultural extension, and what impact might this have on Southern African smallholders?
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	For each case, information was gathered on design (platforms, languages), scale (number of users, coverage), and outcomes (user engagement, changes in farmers' knowledge or practice). The information was gathered from NGO reports, media sources, e.g., TIME, Thomson Reuters, and official announcements or blogs by the organizations implementing the projects. This information was correlated with testimony from farmers where possible, focusing on the extent to which chatbots addressed challenges of language and literacy (Chow, 2024; Climate Adaptation Platform, 2024). Other limitations considered here are: the challenges with infrastructure, the need for human oversight, and how trust or perceived credibility affected adoption (Gwagwa et al., 2021).
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