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Africa’s potential for scientific research is not yet being realized, for
various reasons including a lack of researchers in many fields and
insufficient funding. Strengthened research capacity through doctoral
training programmes in higher education institutes (HEIs) in Africa,
to include collaboration with national, regional and international
research institutions, can facilitate self-reliant and sustainable research
to support socio-economic development. In 2012, the Royal Society and
the UK’s Department for International Development (now the Foreign,
Commonwealth and Development Office) launched the Africa Capacity
Building Initiative (ACBI) Doctoral Training Network which aimed to
strengthen research capacity and training across sub-Saharan Africa. The
ACBI supported 30 core PhD scholarships, all registered/supervised within
African HEIs with advisory support from the UK-based institutes. Our
‘Soil geochemistry to inform agriculture and health policies’ consortium
project, which was part of the ACBI doctoral training programme network,
was implemented in Malawi, Zambia and Zimbabwe between 2014 and
2020. The aims of our consortium were to explore linkages between soil
geochemistry, agriculture and public health for increased crop productivity,
nutrition and safety of food systems and support wider training and
research activities in soil science. Highlights from our consortium included:
(i) the generation of new scientific evidence on linkages between soils,
crops and human nutrition; (ii) securing new projects to translate science
into policy and practice; and (iii) maintaining sustainable collaborative
learning across the consortium. Our consortium delivered high-quality
science outputs and secured new research and doctoral training funding
from a variety of sources to ensure the continuation of research and
training activities. For example, follow-on Global Challenges Research
Funded Translation Award provided a strong evidence base on the
prevalence of deficiencies in children under 5 years of age and women

© 2024 The Authors. Published by the Royal Society under the terms of the Creative Commons Attribution
License http://creativecommons.org/licenses/by/4.0/, which permits unrestricted use, provided the original
author and source are credited.

Discussion
Cite this article: Manzeke-Kangara MG et al.
2024 Doctoral training to support sustainable soil
geochemistry research in Africa. Interface Focus
14: 20230058.
https://doi.org/10.1098/rsfs.2023.0058

Received: 10 November 2023
Accepted: 22 May 2024

One contribution of 9 to a theme issue ‘Science
and innovation in Sub-Saharan Africa’.

Subject Areas:
biogeochemistry, environmental science, systems
biology

Keywords:
doctoral training networks, laboratory
investments, PhD 'thinkers', research partnerships,
strengthened research capacity

Author for correspondence:
M. G. Manzeke-Kangara
e-mail: grace.kangara@rothamsted.ac.uk

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

17
 O

ct
ob

er
 2

02
4 

http://orcid.org/
http://orcid.org/0000-0002-3784-4915
https://creativecommons.org/licenses/by/4.0/
https://crossmark.crossref.org/dialog/?doi=10.1098/rsfs.2023.0058&domain=pdf&date_stamp=2024-08-07
https://doi.org/10.1098/rsfs.2023.0058


of reproductive age in Zimbabwe. This new evidence will contribute towards the design and implementation of a nationally
representative micronutrient survey as an integral part of the Zimbabwe Demographic and Health Surveys conducted by the
Ministry of Health and Child Care. The award also generated new evidence and a road map for creating quality innovative
doctorates through a doctoral training landscape activity led by the Zimbabwe Council for Higher Education. Although our
project and the wider ACBI has contributed to increasing the self-reliance and sustainability of research within the region,
many challenges remain and ongoing investment is required.

1. Introduction
Doctoral training opportunities continue to increase globally, to inform national development, knowledge economy and
improve the quality of universities through first-class teaching and learning experience [1,2]. The global view of doctoral
training as the foundation for a knowledge-based economy has led to some countries, e.g. South Africa’s National Development
Plan, setting a target of achieving 5000 doctorates per year by 2030 from 1876 in 2012 [2], while others, e.g. China [3,4] and the
USA [5], are already surpassing these numbers. For example, Cyranoski et al. [3] reported that 50 000 students graduated with
doctorates across all disciplines in China in 2009 alone. However, enrolment and graduation from doctoral training in Africa
remain limited, largely due to a lack of capacity and/or poorly structured PhD programmes [2]. A lack of embedded research
capacity has often left institutions unaware of how best to support PhD students.

Addressing global scientific imbalances helps the economies and public welfare of individual countries while increasing
diversity in global scientific research [6]. Some Governments, through their education ministries, have launched national
development programmes to address this challenge. For example, the Ministry of Higher and Tertiary Education, Innovation,
Science and Technology Development of Zimbabwe launched the country’s Education 5.0 policy in 2021, which extended
the higher education institutions’ (HEIs’) mission of teaching, research and community service, to include innovation and
industrialization [7]. African-based initiatives such as the Regional Universities Forum for Capacity Building in Agriculture
(RUFORUM) have also supported national universities and their respective ministries of education to build and strengthen the
capacity of academic and research institutions.

This article highlights the importance of doctoral training and presents evidence from one such programme working on
doctoral training, the Africa Capacity Building Initiative (ACBI), funded by the UK’s Department for International Development
(DfID; now the Foreign, Commonwealth and Development Office, FCDO) and the Royal Society (RS) [8]. We highlight project
objectives from our ‘Soil geochemistry to inform agriculture and health policies’ consortium project, which was one of 10
consortia within the ACBI programme. Our consortium sought to address challenges in dietary micronutrient supplies, and
potentially harmful elements, emanating from soil geochemical processes linked to agricultural practices. The consortium
project, conducted in Malawi, Zambia and Zimbabwe was designed to address existing skills gaps in soil geochemistry,
including analytical chemistry, experimental design, geospatial data collection and integration, geochemical and statistical
modelling, soil management and generic presentation, communication and grant writing skills in these three countries. We
present scientific highlights and outcomes from our consortium including individual PhD students’ successes, capacity building
in technical support, research ethics, wider societal and environmental benefits emanating from the project and linkages with
industry and new projects to support the translation of the research into policy and practice, and to stimulate new science. We
conclude by presenting enablers and barriers towards sustainable research and a need for a paradigm shift towards a thriving
and sustainable knowledge economy in Africa.

2. The Africa Capacity Building Initiative
In 2012, the RS and the FCDO (formerly DfID) launched the ACBI, aimed at strengthening research capacity and training
across sub-Saharan Africa (SSA) by creating new research networks. The ACBI supported 30 core PhD scholarships across
10 projects in the areas of soil science, water and sanitation for health (WASH) and renewable energy [8]. A key feature of
the ACBI was that all core PhD students were registered and supervised primarily within African universities, i.e. HEIs, with
advisory support from both African-based research institutes and the UK-based HEIs and research institutes. In addition to
delivering high-quality research through PhD training, the consortia were also tasked with improving laboratory and technical
capacity and supporting the development of sustainable research partnerships, including ‘south–south’ and ‘south–north’ links,
to support future African-led research.

The ACBI was guided by the following objectives:

(1) To facilitate sustainable multidisciplinary partnerships between research groups in SSA and the UK in the areas of soil
science, WASH and renewable energy.

(2) To strengthen research and training capacity in SSA HEIs through south–south, south–north and north–south collabora-
tions, including skill transfer between partner organizations of the research consortia.

(3) To produce a cadre of early career, talented researchers through integrated PhD scholarships and shared supervision of
postgraduate students.
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(4) To examine the nature of skill gap patterns within the research consortia and to identify the major barriers and enablers at
the institutional level in providing cost-efficient and high-quality post-graduate training.

During the initial phase of the ACBI (2013–2014), 20 networking grants were awarded. These networking grants enabled new
partnerships to be developed. The ACBI went on to support 10 full research consortia and 30 core PhD scholarships. Each
consortium was awarded up to £1.2 million over 5 years period. After a competitive selection process [9], the first-round
awards began in 2015 and the second-round awards started in 2016. The award covered PhD and technical training and
research costs, a small budget for equipment and travel and subsistence costs. A well-defined monitoring, evaluation and
learning (MEL) component was delivered by independent external experts at the Centre for Capacity Research (CCR, formerly
the Capacity Research Unit, CRU) at the Liverpool School of Tropical Medicine (LSTM) [8,9]. The MEL component aimed to
determine capacity strengths and gaps in postgraduate training and research systems, identify common strengths and gaps
across institutions, present programme reports, peer-reviewed papers, expert commentary and provide feedback to the RS–
FCDO to guide in-country programme improvements.

3. Consortium project ‘Soil geochemistry to inform agriculture and health policies’
The overall aim of our project was to support training and research in soil science in three countries in southern Africa: Malawi,
Zambia and Zimbabwe. Our science focus was on developing a greater understanding of linkages between soil geochemistry,
agriculture and public health, to support improvements in the productivity, nutritional quality and safety of food systems.
We sought to generate evidence to support policy decisions relating to nutrient management in agricultural systems, and
public health interventions in areas at risk of micronutrient deficiencies and toxicities. For example, specific science questions
were asked regarding the bioavailability of micronutrients and their influence on crop production and human nutrition across
multiple spatial scales. The research included the use of predictive models derived from mechanistic understanding of soil–
plant transfers, geospatial analyses and soil management strategies. The consortium’s research work was informed by earlier
collaborative studies within and between some of the consortium partners [10–12], although the consortium had not all worked
together previously.

Our consortium trained core and aligned PhD students, laboratory scientists and researchers from local government
institutions and universities within each country. In general, the African researchers had substantial experience in understand-
ing tropical smallholder cropping systems and soil science, with UK researchers having experience in soil science and statistics,
alongside access to technologies in soil and plant analytical techniques that were not available in Malawi, Zambia and Zim-
babwe. Through the consortium, we were able to invest in laboratory equipment and training of laboratory scientists. The
consortium also provided strong support in training in research ethics, data management and academic writing through annual
meetings and regional and international exchange visits.

Interactions  with  the  policy  sector  were  embedded within  our  network.  Each partner  in  Malawi,  Zambia  and
Zimbabwe was represented by both HEI  and the  main government  research body with  a  remit  on soil  science/agri-
culture.  In  Malawi,  this  body is  the  Department  of  Agricultural  Research Services  (DARS)  within  the  Ministry  of
Agriculture,  Irrigation and Water  Development.  In  Zambia,  the  body is  the  Zambia  Agriculture  Research Institute
(ZARI)  within  the  Ministry  of  Agriculture  and Livestock.  In  Zimbabwe,  it  is  the  Chemistry  and Soil  Research Institute
(CSRI)  of  the  Department  of  Research and Specialist  Services  (DR&SS)  within  the  Ministry  of  Lands,  Agriculture,  Water,
Fisheries  & Rural  Development.

Senior  staff  from each of  these  government  bodies  contributed to:  (i)  PhD supervision and mentorship;  (ii)  training
of  other  students  and technical  staff;  and (iii)  providing access  to  facilities  and resources.  All  of  these  organizations
contributed towards network-wide training activities  in  years  1–6  of  our  project.  Our  model  ensured that  all  research
and development  and training had an ultimate  focus  on policy  relevance and potential  policy  outcomes.

3.1. Core PhD training
Three (core-funded) PhD students drove the research activities, supported by technical staff and laboratory capacity strengthen-
ing activities. Academics within the consortium also supported further (i.e. aligned, non-core-funded) studentships within the
network. The core-funded students were registered at universities in Malawi (Ivy Sichinga Ligowe), Zambia (Belinda Kaninga)
and Zimbabwe (Muneta Grace Manzeke). Each of their projects embedded three training themes: (i) soil geochemistry; (ii)
geospatial analyses; and (iii) soil management aimed at answering the main research questions detailed in table 1. The following
section provides a background to each project and some of the research highlights.

3.2. Ivy S. Ligowe: the biogeochemical dynamics of iodine and selenium in contrasting soil types in Malawi
Ivy’s project aimed to understand the mechanisms governing selenium and iodine dynamics in tropical soils and to develop
a geospatial tool to optimize their management in soils and crops. Selenium and iodine are micronutrients that are essential
for the health of people and grazing livestock, and deficiencies of both elements are widespread in Malawi and many other
countries in SSA [13–16]. Ivy’s studies were centred around a long-term (> 10 years) field experiment, at Chitedze in Central
Malawi (figure 1), consisting of contrasting soil organic management treatments and their effects on corn/maize (Zea mays L.)
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Table 1. Summary on core students’ research focus, methods and core findings.

core student main research questions methods used core findings/highlights

Ivy Ligowe does soil type affect iodine and
selenium crop uptake and fixation?

soil and foliar selenium and iodine
biofortification to green vegetables
(Amaranthus and Brasca)

soil iodine and selenium and foliar
iodine biofortification to green
vegetables has the potential to
increase dietary iodine and selenium
supply

laboratory analysis of green vegetables
and soils

selenium and iodine biofortification
to green vegetables subjected
to repeated harvests would
require repeated biofortification to
consistently enhance both selenium
and iodine concentrations in the
harvested leaves

statistical linear mixed modelling soil-applied selenium is quickly fixed
in the soil and is not available for
plant uptake after three weeks of
biofortification

soil acidity control measures should
be considered in acidic soils to
enhance soil selenium and iodine
plant uptake

does organic input to the soil through
soil management (conservation
agriculture, CA) affect the crop
uptake and soil fixation of selenium
(isotopic Se77) and their residual
effect on the following crop?

selenium agronomic biofortification
field studies

organic input in CA cropping systems
has no negative influence on
the uptake and fixation of the
agronomically biofortified Se77. The
soil-applied Se77 is not available
beyond the year it is applied; yearly
application is recommended

laboratory analysis of grain, biomass
and soils

statistical linear mixed modelling

Belinda Kaninga do crops grown on soils that are
contaminated by heavy metals take
up harmful concentrations of the
heavy metals?

on-farm field and greenhouse pot trials soil-to-plant transfer of heavy metals
in contaminated soil is evident but
depends on the type of crop. For
example, pumpkin leaves tend to
accumulate high concentrations of
heavy metals compared with maize
grain

do lime and manure affect the
soil-to-plant transfer of heavy
metals?

laboratory soil analysis methods lime and manure can reduce the
soil-to-plant transfer of heavy metals

geospatial analysis

statistical linear mixed modelling

Grace Kangara do geospatial variations in soil zinc and
iron concentration and improved
farmer soil fertility management
strategies influence grain zinc and
iron nutritional quality of cereals
and grain legumes constituting
diets of smallholder communities in
Zimbabwe?

qualitative and quantitative survey
tools including participatory
action research, farmer focus
group discussions and household
questionnaires

micronutrient distribution in soils and
grains is governed by various factors
including soil type, field productivity
level and crop type

on-farm field trials integrated soil fertility management
practices and micronutrient
fertilizer application improve crop
productivity and grain quality

laboratory analysis methods

statistical linear mixed modelling
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production and quality. This experiment had been designed originally to test the principles of conservation agriculture (CA) on
crop system productivity, including reduced tillage, crop rotations and retention of organic materials [17]. Studies at this site
included the application of selenium fertilizers which had been shown to be a feasible method to improve selenium in the edible
portions of maize crops in Malawi [11]. Soils at this site (Alfisol), and from two further sites with Oxisol and Vertisol soils, in
Dedza and Ngabu-Chikwawa, respectively, were also used for controlled-environment studies. These three soil types are
important in Malawi and occur widely in SSA. A novel aspect of Ivy’s project was the use of stable isotopes to trace micronu-
trient fluxes in different systems.

One of Ivy’s research highlights was to show the effects of selenium fertilizers on crop quality, under different field condi-
tions and different farmer practices, and the fate of the selenium in the environment [18,19]. Ivy reported the rapid fixation of
fertilizer-applied selenium with organic matter in the soil (‘humus-bound’ selenium) which means that selenium fertilizers are
largely unavailable to plants beyond the growing season in which the fertilizer is applied. Therefore, selenium fertilizers would
need to be applied annually to improve the grain quality of crops in Malawi. Potential negative impacts of selenium build-up in
the soil were looked at by Mathers et al. [20] during implementation of field trials under three contrasting soil types in the UK.
Findings from their study, which calculated losses due to leaching and selenium build-up over time demonstrated that doubling
soil selenium concentrations would take about 500 years with annual selenium fertilizer application. Walsh & Fleming [21]
reported small environmental consequences from yearly applications of 20 g selenium fertilizer ha−1, requiring more than 3000
years to reach toxicity levels of 20 mg kg−1. Annual selenium fertilizer applications and incorporation of selenium-enriched crop
residues are unlikely to result in selenium toxicity [22]. For example, little effect of CA treatments (e.g. annual retention of crop
residues) on selenium uptake by maize under control or selenium-fertilized conditions was observed in Malawi [19]. However,
some studies reported negative correlations between soil pH and soil selenium content [23,24]. This implies management
practices such as liming and organic nutrient resource use, which increase soil pH, should be employed under predominantly
acid soils in SSA, to reduce the possibility of long-term soil selenium toxicity. Additional papers from Ivy’s work are in table 2.

3.3. Belinda Kaninga: bioavailability of heavy metals in soils that are in close proximity to mine tailings in Copperbelt,
Zambia

Belinda’s project aimed to understand how soil management affects the phyto-availability of heavy metal contaminants in
agricultural soils arising from mining activities in Zambia. Heavy metal contaminants in agricultural soils can contaminate
food crops through plant uptake and via resuspension of soil dust, and can cause adverse health effects [43,44]. Field sites
in proximity to Mugala village and Luanshya mine tailings, both located in the Copperbelt region of northern Zambia were
characterized. Field experimental work was done to determine the influence of liming and manure application on soil-to-crop
transfer of heavy metal contaminants, including novel stable isotope analyses to understand how soil management affects the
lability of heavy metals and their uptake into crops. Belinda explored the use of the Windermere Humic Aqueous Model to
predict heavy metals fractionation, solubility and speciation in tropical soils affected by mine tailings and geostatistics to assess
geospatial variation in heavy metals bioavailability in soils near mine tailings.

One of Belinda’s research highlights was to increase our understanding of the soil-to-plant transfer of several heavy metals,
including cadmium, copper, lead and nickel, by maize crops and pumpkin leaves, when these crops are grown in soils amended
with lime and manure, and the downstream risks of dietary exposure to the local community [40]. The concentrations of heavy
metals in maize grain were not affected by the soil amendments. The heavy metal concentrations in maize grain were below the
prescribed FAO/WHO safe limits for all metals. However, the concentration of the heavy metals was reduced in pumpkin leaves
when grown in soils amended with lime and manure. There was evidence that pumpkin leaves are likely to remain a greater
exposure route for contaminants into human diets. Links to Belinda’s additional papers are in table 2.

Figure 1. Dr Ivy Ligowe showing differences between conventional (left) and CA (right) treatment plots at Chitedze Research Station, DARS, Malawi on 25 April 2017.
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3.4. M. Grace Kangara: geospatial variation of bioavailable micronutrients in tropical soils and its effects on crop
productivity and human nutrition

Grace’s project aimed to understand factors affecting the bioavailability of zinc and iron in tropical soils, and how this affects
crop productivity and human nutrition. Zinc and iron are micronutrients that are essential for the health of people and grazing
livestock and for maximizing crop yields for farmers. The work included studies on smallholder farms in two districts of
Zimbabwe (Hwedza and Mutasa), representing contrasting agro-ecological zones, alongside work at a range of field sites. Field
surveys were conducted using a nested sampling design to determine factors governing zinc and iron supply in soils and
crops grown under different farmer soil fertility management practices and soil types. Field experimental work was conducted
to determine the effects of zinc and iron fertilizer application and different nitrogen fertilizer application forms (i.e. mineral,
organic or co-applications thereof) on grain micronutrient concentration of maize, different finger millet landraces and cowpea.
Fertilizer treatments and crop type choices were selected to suit different farmer management practices.

One of Grace’s research highlights was to show that integrated soil fertility management (i.e. involving combinations of
chemical and organic fertilizers, including the use of cattle manures and leaf litter) can improve the yield and micronutrient
quality of a range of cereal and legume crops [29]. The widespread adoption of these approaches could improve profits in the
farming sector and reduce the prevalence of micronutrient deficiencies in Zimbabwe and the wider region [38]. Links to Grace’s
additional papers are in table 2.

3.5. Aligned PhD training
In addition to core-funded PhD students, we recruited several additional ‘aligned’ PhD students registered in both African-
based and UK-based institutions. For example, Felix Phiri’s research highlights included the first comprehensive, nationally
representative, survey of the selenium status of a population in Malawi [15,31]. Felix showed there was widespread and severe
selenium deficiency at a national scale in Malawi with strong evidence of geospatial clustering of selenium status as had been
predicted previously based on soil and food system characteristics [10,14,45,46]. Felix published a literature review of selenium
deficiency in Malawi food systems as a co-first author with Ivy Ligowe, supporting cross-disciplinary interactions. Felix’s
PhD was funded by the University of Nottingham and the British Geological Survey, with substantial ‘in kind’ contributions
from the Government of Malawi and their implementing partners who were undertaking the National Micronutrient Survey
of 2015/2016. This work has since supported many policy interactions and the co-development of policy briefs with the
Government of Malawi, through subsequent GeoNutrition and Micronutrient Action Policy Support (MAPS) projects, funded
by the Bill & Melinda Gates Foundation (BMGF).

Table 2. Peer-reviewed publications which acknowledge funding from ACBI project AQ140000.

Lark et al. [25]. https://doi.org/10.5194/soil-3-235-2017

Lark et al. [26]. https://doi.org/10.1111/ejss.12449

Manzeke et al. [27]. ISBN:978−0−85310−431−5

Manzeke et al. [28]. https://doi.org/10.1016/j.fcr.2017.08.010

Manzeke et al. [29]. https://doi.org/10.1038/s41598-019-42828-0

Kaninga et al. [30]. https://doi.org/10.1007/s10653-019-00326-2

Phiri et al. [15]. https://doi.org/10.1038/s41598-019-43013-z

Phiri et al. [31]. https://doi.org/10.1016/j.envint.2019.105218

Phiri et al. [32]. https://doi.org/10.1007/s10653-020-00700-5

Manzeke et al. [33]. https://doi.org/10.1002/agj2.20175

Ligowe et al. [18]. https://doi.org/10.1016/j.geoderma.2019.114106

Ligowe et al. [19]. https://doi.org/10.1016/j.geoderma.2020.114315

Ligowe et al. [34]. https://doi.org/10.1017/S0029665120006904

Ligowe et al. [16]. https://doi.org/10.1007/s10653-020-00714-z

Kaninga et al. [35]. https://doi.org/10.1016/j.heliyon.2020.e05502

Hamilton et al. [36]. https://doi.org/10.1016/j.chemosphere.2020.125984

Gashu et al. [37]. https://doi.org/10.1038/s41586-021-03559-3

Manzeke-Kangara et al. [38]. https://doi.org/10.1186/s43170-021-00057-4

Manzeke-Kangara et al. [39]. https://doi.org/10.3390/agronomy11010124

Kaninga et al. [40]. https://doi.org/10.1007/s10653-021-00849-7

Botoman et al. [41]. https://doi.org/10.1038/s41598-022-12014-w

Kumssa et al. [42]. https://doi.org/10.1038/s41597-022-01500-5
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Elliott Hamilton’s work explored the mechanistic controls on the transfer of hexavalent chromium [(Cr(VI)] from soil to crops
using novel elemental speciation and isotope dilution methods. Elliott worked with Belinda Kaninga at the same field sites in
the Copperbelt Province, with funding from the British Geological Survey. The distribution of elemental species of chromium
in soils near mine tailings potentially pose significant human health challenges. Elliott’s work reported a low environmen-
tal/human health risk at an agricultural site near mine tailings in the Copperbelt Province of Zambia based on significantly
lower concentrations of Cr(VI) of between 0.03 and 0.29 mg kg−1 compared to a residential UK screening value for Cr(VI) of 21
mg kg−1 [36]. Aligned students attended training activities and helped to support longer-term network sustainability through
their contributions and stimulated ongoing research and development linkages with the UK and wider academic engagement.

3.6. Wider laboratory and technical development
There have been investments in laboratory equipment and training of laboratory scientists as part of the laboratory and
technical development initiative within the ACBI’s Soil Geochemistry consortium. A microwave plasma-atomic emission
spectroscopy was installed in each of the lead institutions in the three African countries. Technical staff aligned with the
consortium (Emmanuel Mbewe, Takesure Tendayi) attended project meetings and visited the UK as part of the technical
capacity strengthening activity of the project. Technicians were involved in follow-on projects and networks which is key
in sustainable research. For example, Takesure is an advisor and trainer for the FAO-UN Global Soil laboratory network—
GLOSOLAN (https://www.fao.org/global-soil-partnership/glosolan/en/), a network aimed at investing in global soil laborato-
ries; demonstrating the wider benefits of the consortium. Research is highly dependent on the technical infrastructure, including
personnel, particularly for PhD students who are highly dependent on technical support during their first years of study.
Technical staff provide the potential for longevity in capacity development.

3.7. Bibliometric analyses of publications
In total, 21 peer-reviewed papers have been published to date by the consortium, which attribute ACBI funding, either as
primary outputs, led by core students, or as part of other projects (table 2). Figure 2 shows the top 50 keywords/phrases
by relevance, based on 21 publications, as generated by SciVal. These 21 publications represent contributions from a total of
50 different authors, based at 18 different institutes worldwide; 11 of these institutes are based in an African country. Most
(17/21) of the outputs have a first author based at an African institution. While article bibliometrics should not be considered
as a substitute for peer assessment of quality, they can provide useful summary information around the academic ‘reach’ of
the research. For example, a SciVal summary (conducted on 3 November 2023) reveals that these 21 papers had been cited
452 times: a mean of 21.5 citations per paper. The Field-Weighted Citation Impact was 1.87, which indicates that these ACBI
publications had been cited 87% more times (i.e. almost double) than the mean number of citations received by all other
publications globally in the same subject fields.

4. Follow-on projects to support sustainability of research and development activities
Our ACBI project facilitated further funding proposals which were developed and submitted by members of the consortium,
including with new partners.

Successful larger projects included the GeoNutrition projects (2017–2023) funded primarily by the BMGF and the UKRI’s
Global Challenges Research Fund (GCRF). The primary geographical focus was Ethiopia and Malawi including a leading
role for Lilongwe University of Agriculture and Natural Resources (LUANAR). More than 10 new PhD studentships were
registered through GeoNutrition, mostly in Ethiopia and Malawi, building directly on our ACBI consortium model. Outputs
of GeoNutrition included primary papers [37,41,42,47–50] and co-developed policy briefings for policymakers, which included
socio-economic and ethical analyses of agricultural policies and practices to alleviate micronutrient malnutrition. The GeoNu-
trition project itself then led to further BMGF funding via the ‘Micronutrient Action Policy Support (MAPS) Tool’ project
(2019–2024). The MAPS project, which is the modelling of dietary micronutrients under current and future scenarios, has a
wider pan-Africa focus than GeoNutrition. MAPS has released an open-access web-hosted decision support tool for use by
policymakers in agriculture, nutrition and health sectors, by the private sector and by others including research donors, the
education sector and NGOs [51,52].

A GCRF Research Translation Award ‘Translating GeoNutrition’  was  secured to  extend the  work into  Zimbabwe,
with  a  leading role  for  the  University  of  Zimbabwe (UZ),  with  support  from Malawi,  again,  with  new studentships
registered at  UZ.  Findings  from this  work provided a  strong evidence  base  on the  prevalence  of  deficiencies  in  children
under  5  years  of  age  and women of  reproductive  age  [53–55].  This  new evidence  will  contribute  to  the  design and
implementation of  a  nationally  representative  micronutrient  survey to  be  conducted in  the  next  Zimbabwe Demographic
and Health  Survey by the  Ministry  of  Health  and Child  Care.  The Translation Award also  generated new evidence
and a  road map for  creating quality  innovative  doctorates  from a  doctoral  training landscape activity  led by the
Zimbabwe Council  for  Higher  Education [7].  This  work will  inform policies  and transform micronutrient  initiatives  and
the  education landscape in  Zimbabwe.

A successful bid was made to the GCRF Collective Fund GROW programme on research capacity strengthening. The project,
CEPHaS, was focussed on the impacts of CA practices on the physical properties of soils, and implications for soil water
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storage, transfers to groundwater and the overall impact on water and food security. Capacity strengthening was focussed
on the relevant physical sciences, including soil physics, hydrogeology and geophysical methods. There was also substantial
training in statistics including sampling and experimental design. The project team included researchers from the original ACBI
team, but also a wider range of disciplines from within the institutions (e.g. soil physicists and hydrogeologists) and additional
partner institutions (Rothamsted Research and the CCR from LSTM). This project represented a substantial investment in
research capacity strengthening to support decisions on soil and groundwater management. Progress was somewhat hindered
by the COVID-19 pandemic, but this also testified to the robustness of the capacity developed in African institutions, where staff
were able to trouble-shoot and maintain field instrumentation on the basis of training received in the project when UK-based
staff could not travel to assist. Members of the CEPHaS team reflected on the process by which the project was put together,
building on collaborative relationships developed between individuals and institutions through ACBI, in response to an article
on how to tackle the phenomenon of ‘helicopter research’ in soil science [56]. Helicopter research refers to the phenomenon of
researchers from resource-rich countries appearing in SSA countries to conduct research with no genuine partnership with local
institutions and researchers. The CEPHaS project placed a strong emphasis on the development of early career researchers and
gave them hands-on experience of project management and leadership.

Outputs from the CEPHaS project to date included a review and assessment of statistical functions for the prediction of soil
hydraulic properties [57], and a paper on the implications of yield variability in a long-term CA experiment for the design of
future experiments [58]. This led to further work in the context of GeoNutrition to address the problem of under-powered field
experiments [59], which has been extended to the problem of design of on-farm trials in the context of CGIAR’s Excellence in
Agronomy programme. New links were established with the fertilizer sector and DARS in Malawi to support new field trials
to guide the formulation of new micronutrient fertilizer blends to boost micronutrient nutrition in these systems. This work
is a follow-on of studies conducted by Botoman et al. [59,60] and will provide information, required by fertilizer industry and
policy sector on: (i) maize grain yield increases due to zinc fertilizer application, the main benefit driving zinc fertilizer adoption
by farmers; (ii) optimal zinc rates for agronomic zinc biofortification of maize in different agro-ecological zones; and (iii) cost–
benefit analyses and potential business/regulatory models. The primary intended outcome will be approved recommendations
supported by industry and governmental partners, to include acceptable business and regulatory models for the use of zinc
fertilizers for health. Ultimate impacts of this translation project will be reduced zinc deficiency and improved public health.

The CEPHaS team successfully  bid for  funding in  related areas  of  soil  science  including the  evaluation of  legacy soil
information from colonial-  and post-colonial  soil  surveys,  in  collaboration with  historians  in  UNZA and the  University
of  Nottingham (funded by the  UKRI’s  Arts  and Humanities  Research Council)  [61,62].  A successful  bid  was  also  made
to  the  European Joint  Programme for  Soils  (CropGas project)  to  extend research on CEPHaS sites  to  examine the
impacts  of  CA on greenhouse  gas  emissions  from soil.  This  project  also  involves  partners  in  Ireland,  Poland and South
Africa  as  well  as  the  UK,  widening further  the  international  collaboration and networks  of  the  partners  in  Zambia,
Zimbabwe and Malawi.

5. Reflections of the consortium
The notion that PhD graduates must be problem solvers and not just specialists [63] cannot be overemphasized, especially in
SSA where the need for accelerated economic development is key. The World Bank recommends that universities should train
more researchers in response to societal challenges posed by climate change, disease, food insecurity and political instability
[64]. This means that PhD training must equip one with key competencies to conduct impactful research. These skills include
critical thinking, experimental, computational, research ethics, leadership and communication skills, among others.

However, most PhD programmes in universities in the developing world follow the traditional unstructured apprenticeship
type of training, which may not effectively equip a candidate with the necessary industry-driven skills [65]. The ACBI offered

Figure 2. Top 50 keywords generated by SciVal based on relevance from the 21 ACBI publications.
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the PhD students training opportunities in communication skills, and, more specifically, in our Soil Geochemistry consortium,
experimental skills, statistics, GIS, research ethics and integrity and data management. The multidisciplinary nature of the
wider consortium and its partners gave the students an opportunity to a wider resource base, e.g. supervisory expertise and
equipment. For example, stable isotope and ion speciation studies by Belinda and Ivy would have been difficult without access
to specialized spectroscopic equipment which was not available at their local institutions. The ACBI project engaged with lead
laboratory technicians, emphasizing the importance of collaborative and multidisciplinary approaches to solving problems in
the research process. Furthermore, the collaboration of research institutions and universities ensured that the PhD projects were
not just an academic exercise but aligned with national research priorities.

For the supervisory team, the consortium served as a platform for collaboration, knowledge sharing and networking. For
example, during annual meetings which were held rotationally among the member countries, local experts in the key thematic
project areas worked with project experts to offer training (see figure 3). Training participants would include non-consortium
students and members of staff of the hosting institutions. Thus, the training and networking benefits of the consortium can be
extended to the wider membership of the participating institutions.

The Soil Geochemistry consortium advanced micronutrients research in African food systems and how their intake and
toxicities thereof could be managed in these communities. Implementation of policies that ensure research advances to wider
populations through mandated use of micronutrient fertilizer in these agri-based production systems and mechanisms to
monitor subsequent concentrations within the wider soil–crop–food–feed–livestock–human nexus are therefore imperative.

6. Enablers and barriers towards self-reliant and sustainable research
6.1. Evidence from the soil geochemistry consortium
The Soil Geochemistry consortium under the ACBI doctoral training programme is a successful example of a programme that
can contribute towards a self-reliant and sustainable research landscape in Africa. We highlight here some of the enablers and
barriers encountered within our consortium, spanning from the initial PhD registration processes to the integration of academic
and technical support staff (table 3). While the evidence base is from one consortium, it can inform the scope and structure of
future wider collaborative research programmes.

Networking is one of the core benefits gained during the ACBI initiative: the Soil Geochemistry consortium has opened doors for
networking both internationally and locally with academic institutions, Government departments and CGIAR centres. Using the network
platforms developed during the ACBI programme, I can partner in new research projects. Skills gained during the ACBI doctoral
training include: writing skills, presentation skills, experimental design, data collection, statistical data analysis using R, grant writing,
project management skills gained through the involvement in big projects like the Bill & Melinda Gates Foundation-GeoNutrition and
CEPHaS (UKRI GCRF) projects. No major pronounced challenges were experienced during the doctoral training.—Dr Ivy Ligowe, Mzuzu
University.

The multidisciplinary nature of the project team gave me a good opportunity to conduct a well-balanced study. Having specialists, within
the team, in core aspects of a geochemistry/scientific research such as experimental layout, laboratory analysis, data management, statistical
analysis meant that attention would be given to all these areas. My PhD training experience enhanced my research career as I am now more
critical in my research approaches.—Dr Belinda Kaninga, ZARI.

I received high quality scientific guidance during my PhD from my supervisors and mentors. The tremendous amount of learning
opportunities was incredible. I gained scientific knowledge on varying areas relevant to research. The one I cherish the most is on ethics. I
am now more conscious of research ethical considerations when implementing my projects.—Dr M. Grace Kangara, Rothamsted Research.

6.2. Global imbalances in scientific research capacity
The limited number of researchers in certain institutions and disciplines, including the natural and applied sciences, continues
to hamper efforts towards self-reliant and sustainable research in SSA. Despite a steady increase in number of children
attending school since 1970 [66], the share of the population with completed tertiary education has remained below 5%
[64]. This is further reflected by lower number of active researchers per million inhabitants between 7 and 437 in 2016 in
SSA compared with over 4000 researchers per million inhabitants in developed countries [67,68]. In addition, most studies
in developing countries focus on applied rather than basic research [69]. While applied problems may be most pressing,
the development of a healthy scientific system with scope for future innovation also requires that active development of
fundamental understanding is also progressing, and that scientists with an applied focus have access to collaborators who can
bring new ideas to bear [70].

6.3. Example strategies for addressing scientific research imbalances
Research is an integral component for socio-economic development. While there is potential for world-class pioneering research
in SSA, there are many challenges, including fewer researchers in selected fields, a lack of resources (e.g. funding, equipment
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and access to international networks) and competing donor priorities [71]. National research strategies are important in
support of research and are often set in line with current global challenges and agendas. For example, the Government of
Zimbabwe introduced the Zimbabwe Agenda for Socio-Economic Transformation (ZimASSET; 2013–2018), which aimed to
provide sustainable economic empowerment and social transformation for its nationals. The ZimASSET economic blueprint

Figure 3. Professor Maxon Lowole (in white coat) giving a lecture on soil profiles in the Vertisol soil pit at DARS, Chitala Malawi on 10 September 2016.

Table 3. Evidence from the Soil Geochemistry consortium on enablers and barriers that facilitated or hindered the collaboration, communication and supervision of
students.

category enablers barriers

PhD registration clear project proposal outline submitted during grant
application stage. This allowed students to have
a clear understanding of their project and how

they could contribute to the overall project. This
preliminary understanding of the project shortened

the time for student proposal development and
submission to the academic approval board

the complexity of the overall project potentially
influenced students to focus on overall consortium

goals rather than specific projects

laboratory facilities students and technical staff had access to modern
laboratory equipment. New analytical instruments
were installed at each lead partner institution for

establishing new activities

students and technical support staff had to
familiarize themselves with new equipment and

quality assurance such as use of certified reference
materials, delays in procurement/repairs

project meetings and trainings project meetings enabled students to establish links
and networks. Training received in research ethics,

analytical chemistry, experimental design, geospatial
data collection and integration, geochemical and

statistical modelling, soil management, and generic
presentation, communication and grant writing skills

transferability of newly acquired skills could be
challenging. Ongoing mentorship ensured this did

not impede the implementation and successful
completion of the project

student supervision and progress reporting all supervisors had training in research supervi‐
sion. Regular student progress reports offered an

opportunity to review what was going well and what
needed to be addressed

students encountered minor delays due to the
COVID-19 pandemic. For example, there were no

guidelines for online PhD defence, and these had to
be developed to support students

integration of academic and technical support staff links were strengthened between academic and
technical support staff through project meetings and

training

challenging to secure time for personal development
and training in addition to technical roles in the

laboratories

scientific publication of work and examination at least two published manuscripts were mandatory
before PhD thesis submission at all host universities.
This equipped students with technical writing skills

and ensured the quality of work, including the thesis,
through academic peer-review process

long review processes for papers delayed the
submission of thesis for examination

peer-to-peer student interactions good peer-to-peer interactions through project
meetings and emails. This provided a strong support

structure for motivation and learning

internalizing another student’s work to pro‐
vide wider contexts during presentation proved

challenging.

Elaborated from overall ACBI assessments presented by Refs. [8,9] to present experiences from the Soil Geochemistry consortium.

10

royalsocietypublishing.org/journal/rsfs 
Interface Focus 14: 20230058

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

17
 O

ct
ob

er
 2

02
4 



coincided with the development of the UN’s Agenda 2030 on Sustainable Development Goals (SDGs) which have a global call to
action to end poverty, protect the planet and ensure peace and prosperity [72] and the African Union’s Agenda 2063 [73].

Although most African countries have strategic research agendas, diversion from set objectives, including for entirely
pragmatic reasons/externalities, can impede the self-reliance and sustainability of most research for development initiatives.
Taking ownership by setting the research agenda and determining research priorities by African governments ensures that
research serves the societal and economic developmental needs of local people [74], who ultimately own the right and responsi-
bility to use the evidence. Although it is not yet possible for research to be funded entirely at a national level, it is essential that
external support seeks to be aligned with the government strategic objectives.

Malawi is among the SSA countries that could benefit hugely from increased investment in research capacity. In 2010,
overall enrolment in tertiary education was among the lowest in SSA where only about 1% of Malawi’s qualified cohort were
enrolled in tertiary education [75]. There have been substantial ongoing investments in HEIs in Malawi. For example, LUANAR,
formerly Bunda College of Agriculture, had five faculties by 2016 enrolling approx. 3750 undergraduates with approx. 40%
of them being female. Despite having 77 postgraduate students (65 taught and 12 PhDs) in 2016, there were no PhD students
enrolled in the Faculty of Agriculture or the Faculty of Food and Human Sciences in 2015. Given the many pressing challenges
in food security, this is an issue that clearly needs to be addressed to align with the countries’ strategic goals for development.

By 2054, there will be a marked increase in the working-age population in most African countries including Malawi [76,77].
However, development challenges such as the economic burden of the youthful population in Malawi requires a change in the
structure of the country’s population for the youthful dependency burden to be reduced and subsequent economic benefits from
the working age to be realized [78]. In Malawi, this demographic dividend is largely due to a reduction in the total fertility rate,
average birth rate and dependency burden on the working group [77]. The employment gap in Malawi will rise from 2.5 to
13.4 million between 2014 and 2054 [79]. This large labour force with fewer dependent children is likely to result in accelerated
economic growth within a pessimistic environment of availability of job opportunities. Within the context of these projected
changes, governments should seek to accelerate the socio-economic transformation and economic growth by strengthening the
capacity of doctoral students and creating national centres of excellence in research to help ensure the full realization of the
dividends arising from demographic changes.

6.4. Recognition of research outputs ownership and partnerships
The ownership of research outputs and/or the right and responsibility to use research evidence generated using official
development assistance (ODA) budgets remains controversial. Inequality in the proportion of grants invested between donor
and African countries often leads to power asymmetries, and subsequently to a lack of commitment and effort by African
researchers. While it is often impossible to separate politics and research, it is fundamental that external funding focuses on
strengthening the research and development capacity of countries they seek to assist. By empowering local researchers, local
policymakers will be able to balance evidence-based findings more effectively, and therefore make appropriate and relevant
decisions for their countries.

7. The plight of African doctoral students: an urgent need for paradigm shift
7.1. Core pillars for sustainable capacity strengthening
The current  challenges  for  African doctoral  training centres  include limited capacity  and the  unstructured nature  of
the  doctoral  training programmes [2].  There  has  been increased interest  in  improving investments  in  doctoral  education
and expansion in  PhD training in  Africa  in  recent  years,  including through the  World Bank [67].  Doctoral  training is
essential  for  the  generation of  new knowledge and sustainable  development,  including economic  growth [1,2].  Efforts
to  position Africa  as  a  giant  for  knowledge generation through doctoral  training and research are  currently  underway
[7,80].  Although this  is  likely  to  be  critical  for  the  socio-economic  development  of  most  countries,  there  are  potential
trade-offs  in  terms of  quality  versus  quantity  of  research outputs.  In  view of  this  concern,  PhD students  need to  be
trained and nurtured to  be  critical  thinkers  and the  creative  problem solvers  that  society  needs,  not  just  specialists
within  a  limited area  of  interest  [63].  In  their  recent  commentary,  Hewitson [6]  highlighted that  addressing global
scientific  capacity  imbalances  through capacity  building enables  venturing into  local  technology to  sustain  infrastructure,
which consequently  allows developing countries  to  explore  tailored solutions  for  local  challenges.  To ensure  this,  there
is  a  need for  long-term mentoring of  trainees  [6],  in  addition to  external  support  to  train  doctoral  students  and build
partnerships  equitably  with  local  collaborators  rather  than engaging in  extractive  research [74].  Follow-on postdoctoral
or  fellowship funding to  build  on the  PhD training and availability  of  tenured academic  positions  is  crucial  for
sustainable  capacity  strengthening and retention of  researchers.

7.2. Wider institutional and social constraints to sustainable capacity building
The African Union’s Strategic Agenda 2063 seeks to accelerate the implementation of past and existing continental initiatives
for growth and sustainable development [73], and this requires quality research institutions and mechanisms to support both
students and academic supervisory/mentoring staff during PhD training. Many students who train abroad are often hesitant

11

royalsocietypublishing.org/journal/rsfs 
Interface Focus 14: 20230058

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

17
 O

ct
ob

er
 2

02
4 



to return to local institutions because of the lack of opportunities there and political and economic instabilities. Effort needs
therefore to be channelled towards incentivizing researchers to return and invest their knowledge towards the achievement of
set strategic objectives and goals.

Enabling environments, confidence building and long-term mentoring of trainees is crucial to enable independent growth
and long-lasting benefits to institutions and countries at large. However, experiential confidence is the most valuable capacity,
upon which the other two can be strengthened [6]. Some of the institutional impediments that remain a major cause for concern
include principal investigators who aim to grow their own personal interests, visibility and academic excellence at the expense
of ensuring the visibility of trained students at the end of their PhD journey. On the other hand, doctoral students are expected
to study full-time but often stipends in African institutions are not competitive. This is even though, in most cases, potential
PhD candidates embark on their studies when they already have family responsibilities. The small allowances allocated to PhD
students often lead to frustrations and resentment towards academia and research, and even mental health challenges.

Considerations for mental health should also be taken seriously. Over 30% of PhD students in Belgium, a developed country,
were reported to be at risk of having or developing a common psychiatric disorder, especially depression [81]. This trend
could potentially be reported in developing countries due to similarly tougher organizational policies, work–family trade-offs
and perceptions of better career structures outside academia. Resources and training should thus be channelled towards
equipping PhD students to deal with mental health issues which could potentially arise from organizational policies, work–
family interface, job demands and job control, the supervisor’s leadership style, team decision-making culture and perception
of a career outside academia [81]. This might be costlier to the funders but fundamental to the students who are an important
investment towards developing more sustainable research and development activities in SSA.

8. Summary and conclusions
Developmental  efforts  within  the  research sector  in  Africa  continue to  face  various  challenges.  Programmes such as
the  RS–FCDO ACBI  are  vital  for  research capacity  building and supporting the  growth of  the  knowledge economy
in Africa,  which is  important  in  addressing current  societal  and environmental  constraints.  Learnings  from the  Soil
Geochemistry  consortium within  the  ACBI  initiative  is  an example  of  research approaches  for  sustainable  global,
regional  and national  research partnerships.  Interactions  between the  consortia  and non-consortia  colleagues  within  the
partner  institutions  and additional  funding pursued as  appropriate,  ensures  ownership and continuity  of  research work,
which often requires  implementation post-award of  grants.  The embedment  of  a  technical  capacity-strengthening theme
within  the  Soil  Geochemistry  consortium,  in  addition to  scientific  strengthening and doctoral  training is  important  for
long-term research sustainability.

The projected demographic  dividend changes  present  opportunities  for  socio-economic  transformation in  SSA,  but
this  requires  investment  and a  shift  in  thinking from traditional  research managed by external  factors.  Strengthening
research capacity  in  SSA through doctoral  training and establishment  of  sustainable  multidisciplinary scientific  networks
can contribute  to  more  self-reliant  and sustainable  research in  the  future.

Ethics. This work did not require ethical approval from a human subject or animal welfare committee.
Data accessibility. The top 50 keywords/phrases by relevance, based on 21 publications from the consortium were generated by SciVal. All data
presented in the manuscript have been published in peer-reviewed journals. Sources of data are cited throughout the manuscript. No new
additional data were generated and presented in this manuscript.
Declaration of AI use. We have not used AI-assisted technologies in creating this article.
Authors’ contributions. M.G.M.-K.: conceptualization, investigation, methodology, writing—original draft, writing—review and editing; I.S.L.:
conceptualization, investigation, methodology, writing—review and editing; B.K.: investigation, methodology, writing—original draft, writing
—review and editing; P.N.: funding acquisition, project administration, supervision, writing—review and editing; V.K.: supervision, writing
—review and editing; E.M.: investigation, writing—review and editing; B.H.C.: supervision, writing—review and editing; G.M.S.: funding
acquisition, project administration, supervision, writing—review and editing; P.M.: funding acquisition, project administration, supervision,
writing—review and editing; F.M.: project administration, supervision, writing—review and editing; T.T.: investigation, writing—review and
editing; A.M.: supervision, writing—review and editing; A.D.C.C.: supervision, writing—review and editing; F.P.P.: investigation, methodology,
writing—review and editing; E.L.A.: supervision, writing—review and editing; E.H.B.: resources, supervision, writing—review and editing;
R.M.L.: data curation, formal analysis, methodology, supervision, visualization, writing—original draft, writing—review and editing; K.M.:
methodology, validation, writing—review and editing; M.J.W.: funding acquisition, project administration, supervision, writing—review
and editing; S.D.Y.: resources, supervision, writing—review and editing; M.R.B.: conceptualization, data curation, formal analysis, funding
acquisition, project administration, supervision, visualization, writing—original draft, writing—review and editing.

All authors gave final approval for publication and agreed to be held accountable for the work performed therein.
Conflict of interest declaration. We declare we have no competing interests.
Funding. The authors gratefully acknowledge funding from the Royal Society and the Foreign, Commonwealth and Development Office (FCDO)
of the UK (Grant Award AQ140000 ‘Strengthening capacity in soil geochemistry to inform agriculture and health policies’). We thank our
colleagues across all of the institutes in our consortium for all of the support, seen and unseen. Rothamsted Research receives strategic funding
from the Biotechnology and Biological Sciences Research Council of the United Kingdom (BBSRC); Rothamsted contributors acknowledge
support from the Growing Health (BB/X010953/1) Institute Strategic Programme.
Acknowledgements. We thank Professor Imelda Bates and her team at the Centre for Capacity Research, at the Liverpool School of Tropical
Medicine, for patient and helpful guidance before, during and after our project had been completed. Contributions from E.L.A. and M.J.W. are
published with permission of the Executive Director of the British Geological Survey.

12

royalsocietypublishing.org/journal/rsfs 
Interface Focus 14: 20230058

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

17
 O

ct
ob

er
 2

02
4 



References
1. Morgan J. 2011 The rise and rise of PhDs as standard. Times Higher Education. See http://www.timeshighereducation.co.uk/415203.article (accessed 29 September 2023).
2. Cloete N, Mouton J, Sheppard C. 2016 Doctoral education in South Africa. Cape Town, South Africa: African Minds. (doi:10.47622/9781928331001)
3. Cyranoski D, Gilbert N, Ledford H, Nayar A, Yahia M. 2011 Education: the PhD factory. the world is producing more PhDs that ever before. Is it time to stop? Nature 472, 276–279.

(doi:10.1038/472276a)
4. Kim D, Song Q, Liu J, Liu Q, Grimm A. 2017 Building world class universities in China: exploring faculty’s perceptions, interpretations of and struggles with global forces in higher

education. Compare 48, 92–109. (doi:10.1080/03057925.2017.1292846)
5. Hacker A, Dreifus C. 2011 The debt crisis at American colleges. The Atlantic. See http://www.theatlantic.com/business/archive/2011/08/the-debt-crisis-at-american-colleges/

243777 (accessed 11 October 2023).
6. Hewitson B. 2015 To build capacity, build confidence. Nat. Geosci. 8, 497–499. (doi:10.1038/ngeo2465)
7. Zim CHE. 2021 Creating quality innovative doctorates: mapping institutional frameworks and processes for doctoral training in Zimbabwe. Green paper. Zimbabwe Council for

higher education (Zimche) in collaboration with UKRI-GCRF. See https://www.zimche.ac.zw/blog/the-green-paper-on-doctoral-training-in-zimbabwe/ (accessed 28 September
2023).

8. El Hajj T, Gregorius S, Pulford J, Bates I. 2020 Strengthening capacity for natural sciences research: a qualitative assessment to identify good practices, capacity gaps and investment
priorities in African research institutions. PLoS One 15, e0228261. (doi:10.1371/journal.pone.0228261)

9. Gregorius S, Dean L, Cole DC, Bates I. 2017 The peer review process for awarding funds to international science research consortia: a qualitative developmental evaluation. F1000Res.
6, 1808. (doi:10.12688/f1000research.12496.3)

10. Chilimba ADC, Young SD, Black CR, Rogerson KB, Ander EL, Watts MJ, Lammel J, Broadley MR. 2011 Maize grain and soil surveys reveal suboptimal dietary selenium intake is
widespread in Malawi. Sci. Rep. 1, 72. (doi:10.1038/srep00072)

11. Chilimba ADC, Young SD, Black CR, Meacham MC, Lammel J, Broadley MR. 2012 Agronomic biofortification of maize with selenium (Se) in Malawi. Field Crops Res. 125, 118–128.
(doi:10.1016/j.fcr.2011.08.014)

12. Manzeke GM, Mapfumo P, Mtambanengwe F, Chikowo R, Tendayi T, Cakmak I. 2012 Soil fertility management effects on maize productivity and grain zinc content in smallholder
farming systems of Zimbabwe. Plant Soil 361, 57–69. (doi:10.1007/s11104-012-1332-2)

13. Joy EJM et al. 2014 Dietary mineral supplies in Africa. Physiol. Plant. 151, 208–229. (doi:10.1111/ppl.12144)
14. Joy EJM, Kumssa DB, Broadley MR, Watts MJ, Young SD, Chilimba ADC, Ander EL. 2015 Dietary mineral supplies in Malawi: spatial and socioeconomic assessment. BMC Nutr. 1, 42.

(doi:10.1186/s40795-015-0036-4)
15. Phiri FP et al. 2019 The risk of selenium deficiency in Malawi is large and varies over multiple spatial scales. Sci. Rep. 9, 6566. (doi:10.1038/s41598-019-43013-z)
16. Ligowe IS, Bailey EH, Young SD, Ander EL, Kabambe V, Chilimba AD, Lark RM, Nalivata PC. 2021 Agronomic iodine biofortification of leafy vegetables grown in Vertisols, Oxisols and

Alfisols. Environ. Geochem. Health 43, 361–374. (doi:10.1007/s10653-020-00714-z)
17. Ligowe IS, Nalivata PC, Njoloma JP, Makumba W, Thierfelder C. 2017 Medium-term effects of conservation agriculture on soil quality. Afr. J. Agric. Res. 12, 2412–2420. (doi:10.

5897/AJAR2016.11092)
18. Ligowe IS, Young SD, Ander EL, Kabambe V, Chilimba ADC, Bailey EH, Lark RM, Nalivata PC. 2020 Agronomic biofortification of leafy vegetables grown in an Oxisol, Alfisol and

Vertisol with isotopically labelled selenium (77Se). Geoderma 361, 114106. (doi:10.1016/j.geoderma.2019.114106)
19. Ligowe IS, Young SD, Ander EL, Kabambe V, Chilimba ADC, Bailey EH, Lark RM, Nalivata PC. 2020 Selenium biofortification of crops on a Malawi Alfisol under conservation

agriculture. Geoderma 369, 114315. (doi:10.1016/j.geoderma.2020.114315)
20. Mathers AW, Young SD, McGrath SP, Zhao FJ, Crout NMJ, Bailey EH. 2017 Determining the fate of selenium in wheat biofortification: an isotopically labelled field trial study. Plant

Soil 420, 61–77. (doi:10.1007/s11104-017-3374-y)
21. Walsh T, Fleming GA. 1952 Selenium levels in rocks, soils and herbage from a high selenium locality in ireland. Trans. Intn. Soc. Soil Sci. Comm. 2, 178–183.
22. Broadley MR et al. 2010 Selenium biofortification of high-yielding winter wheat (Triticum aestivum L.) by liquid or granular Se fertilisation. Plant Soil 332, 5–18. (doi:10.1007/

s11104-009-0234-4)
23. Xu Z, Zhou W, Zhou Y, Cui H, Liu R, Shang G. 2024 Factors controlling accumulation and bioavailability of selenium in paddy soils: a case study in Luxi County, China. Environ. Pollut.

348, 123196. (doi:10.1016/j.envpol.2023.123196)
24. Eich-Greatorex S, Sogn TA, Øgaard AF, Aasen I. 2007 Plant availability of inorganic and organic selenium fertiliser as influenced by soil organic matter content and pH. Nutr. Cycl.

Agroecosyst. 79, 221–231. (doi:10.1007/s10705-007-9109-3)
25. Lark RM, Hamilton EM, Kaninga B, Maseka KK, Mutondo M, Sakala GM, Watts MJ. 2017 Nested sampling and spatial analysis for reconnaissance investigations of soil: an example

from agricultural land near mine tailings in Zambia. Eur. J. Soil Sci. 68, 605–620. (doi:10.1111/ejss.12449)
26. Lark RM, Hamilton EM, Kaninga B, Maseka KK, Mutondo M, Sakala GM, Watts MJ. 2017 Planning spatial sampling of the soil from an uncertain reconnaissance variogram. Soil 3,

235–244. (doi:10.5194/soil-3-235-2017)
27. Manzeke MG, Mtambanengwe F, Watts MJ, Broadley MR, Mapfumo P. 2016 Managing soils to alleviate dietary micronutrient deficiencies in southern africa: possibilities and

knowledge gaps. In International Fertiliser Society Proceeding, Colchester, UK.
28. Manzeke MG, Mtambanengwe F, Nezomba H, Watts MJ, Broadley MR, Mapfumo P. 2017 Zinc fertilization increases productivity and grain nutritional quality of cowpea (Vigna

unguiculata [L.] Walp.) under integrated soil fertility management. Field Crops Res. 213, 231–244. (doi:10.1016/j.fcr.2017.08.010)
29. Manzeke MG, Mtambanengwe F, Watts MJ, Hamilton EM, Lark RM, Broadley MR, Mapfumo P. 2019 Fertilizer management and soil type influence grain zinc and iron concentration

under contrasting smallholder cropping systems in Zimbabwe. Sci. Rep. 9, 6445. (doi:10.1038/s41598-019-42828-0)
30. Kaninga BK, Chishala BH, Maseka KK, Sakala GM, Lark RM, Tye A, Watts MJ. 2019 Review: mine tailings in an African tropical environment—mechanisms for the bioavailability of

heavy metals in soils. Environ. Geochem. Health 42, 1069–1094. (doi:10.1007/s10653-019-00326-2)
31. Phiri FP et al. 2020 Urine selenium concentration is a useful biomarker for assessing population level selenium status. Environ. Int. 134, 105218. (doi:10.1016/j.envint.2019.105218)
32. Phiri FP et al. 2021 Spatial analysis of urine zinc (Zn) concentration for women of reproductive age and school age children in Malawi. Environ. Geochem. Health 43, 259–271. (doi:

10.1007/s10653-020-00700-5)
33. Manzeke MG, Mtambanengwe F, Watts MJ, Broadley MR, Lark RM, Mapfumo P. 2020 Nitrogen applications improve the efficiency of agronomic zinc biofortification in smallholder

cropping. Agron. J. 112, 2256-2274. (doi:10.1002/agj2.20175)

13

royalsocietypublishing.org/journal/rsfs 
Interface Focus 14: 20230058

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

17
 O

ct
ob

er
 2

02
4 

http://www.timeshighereducation.co.uk/415203.article
http://dx.doi.org/10.47622/9781928331001
http://dx.doi.org/10.1038/472276a
http://dx.doi.org/10.1080/03057925.2017.1292846
http://www.theatlantic.com/business/archive/2011/08/the-debt-crisis-at-american-colleges/243777
http://www.theatlantic.com/business/archive/2011/08/the-debt-crisis-at-american-colleges/243777
http://dx.doi.org/10.1038/ngeo2465
https://www.zimche.ac.zw/blog/the-green-paper-on-doctoral-training-in-zimbabwe/
http://dx.doi.org/10.1371/journal.pone.0228261
http://dx.doi.org/10.12688/f1000research.12496.3
http://dx.doi.org/10.1038/srep00072
http://dx.doi.org/10.1016/j.fcr.2011.08.014
http://dx.doi.org/10.1007/s11104-012-1332-2
http://dx.doi.org/10.1111/ppl.12144
http://dx.doi.org/10.1186/s40795-015-0036-4
http://dx.doi.org/10.1038/s41598-019-43013-z
http://dx.doi.org/10.1007/s10653-020-00714-z
http://dx.doi.org/10.5897/AJAR2016.11092
http://dx.doi.org/10.5897/AJAR2016.11092
http://dx.doi.org/10.1016/j.geoderma.2019.114106
http://dx.doi.org/10.1016/j.geoderma.2020.114315
http://dx.doi.org/10.1007/s11104-017-3374-y
http://dx.doi.org/10.1007/s11104-009-0234-4
http://dx.doi.org/10.1007/s11104-009-0234-4
http://dx.doi.org/10.1016/j.envpol.2023.123196
http://dx.doi.org/10.1007/s10705-007-9109-3
http://dx.doi.org/10.1111/ejss.12449
http://dx.doi.org/10.5194/soil-3-235-2017
http://dx.doi.org/10.1016/j.fcr.2017.08.010
http://dx.doi.org/10.1038/s41598-019-42828-0
http://dx.doi.org/10.1007/s10653-019-00326-2
http://dx.doi.org/10.1016/j.envint.2019.105218
http://dx.doi.org/10.1007/s10653-020-00700-5
http://dx.doi.org/10.1002/agj2.20175


34. Ligowe IS et al. 2020 Selenium (Se) deficiency risks in sub-Saharan African food systems and their geospatial linkages. Proc. Nutr. Soc. 79, 457–467. (doi:10.1017/
S0029665120006904)

35. Kaninga B et al. 2020 Do soil amendments used to improve agricultural productivity have consequences for soils contaminated with heavy metals? Heliyon 6, e05502. (doi:10.1016/
j.heliyon.2020.e05502)

36. Hamilton EM, Lark RM, Young SD, Bailey EH, Sakala GM, Maseka KK, Watts MJ. 2020 Reconnaissance sampling and determination of hexavalent chromium in potentially-
contaminated agricultural soils in Copperbelt Province, Zambia. Chemosphere 247, 125984. (doi:10.1016/j.chemosphere.2020.125984)

37. Gashu D et al. 2021 The nutritional quality of cereals varies geospatially in Ethiopia and Malawi. Nature 594, 71–76. (doi:10.1038/s41586-021-03559-3)
38. Manzeke-Kangara MG, Mtambanengwe F, Chopera P, Joy EJM, Broadley MR, Mapfumo P. 2021 Good soil management can reduce dietary zinc deficiency in Zimbabwe. CABI Agric.

Biosci. 2, 36. (doi:10.1186/s43170-021-00057-4)
39. Manzeke-Kangara MG, Mtambanengwe F, Watts MJ, Broadley MR, Lark RM, Mapfumo P. 2021 Can nitrogen fertilizer management improve grain iron concentration of agro-

biofortified crops in Zimbabwe? Agronomy 11, 124. (doi:10.3390/agronomy11010124)
40. Kaninga B, Lark RM, Chishala BH, Maseka KK, Sakala GM, Young SD, Tye A, Hamilton EM, Watts MJ. 2021 Crop uptake of heavy metals in response to the environment and agronomic

practices on land near mine tailings in the Zambian Copperbelt Province. Environ. Geochem. Health 43, 3699–3713. (doi:10.1007/s10653-021-00849-7)
41. Botoman L et al. 2022 Geospatial variation in maize grain zinc concentration in Malawi: influence of soil and landscape factors. Sci. Rep. 12, 7986. (doi:10.1038/s41598-022-12014-

w)
42. Kumssa DB et al. 2022 Cereal grain mineral micronutrient and soil chemistry data from GeoNutrition surveys in Ethiopia and Malawi. Sci. Data 9, 443. (doi:10.1038/s41597-022-

01500-5)
43. Qu CS, Ma ZW, Yang J, Liu Y, Bi J, Huang L. 2012 Human exposure pathways of heavy metals in a lead–zinc mining area, Jiangsu Province, China. PLoS One 7, e46793. (doi:10.1371/

journal.pone.0046793)
44. Briffa J, Sinagra E, Blundell R. 2020 Heavy metal pollution in the environment and their toxicological effects on humans. Heliyon 6, e04691. (doi:10.1016/j.heliyon.2020.e04691)
45. Siyame EWP et al. 2013 A high prevalence of zinc- but not iron-deficiency among women in rural Malawi: a cross-sectional study. Int. J. Vitam. Nutr. Res. 83, 176–187. (doi:10.1024/

0300-9831/a000158)
46. Hurst R et al. 2013 Soil-type influences human selenium status and underlies widespread selenium deficiency risks in Malawi. Sci. Rep. 3, 1425. (doi:10.1038/srep01425)
47. Belay A, Joy E, Lark RM, Ander E, Young S, Bailey E, Broadley MR, Gashu D. 2023 Micronutrients and socio-demographic factors were major predictors of anaemia among the

Ethiopian population. Br. J. Nutr. 130, 2123–2135. (doi:10.1017/S0007114523001472)
48. Matandika L, Millar K, Umar E, Joy EJM, Chiutsi-Phiri G, Mfutso-Bengo J. 2021 Examining study participants’ decision-making and ethics-related experiences in a dietary community

randomized controlled trial in Malawi. BMC Med. Ethics 22, 160. (doi:10.1186/s12910-021-00729-w)
49. Matandika L, Millar K, Umar E, Joy EJM, Mfutso-Bengo J. 2022 Operationalising a real-time research ethics approach: supporting ethical mindfulness in agriculture-nutrition-health

research in Malawi. BMC Med. Ethics 23, 1–17. (doi:10.1186/s12910-021-00740-1)
50. Chiutsi-Phiri G et al. 2021 Preparing for a community-based agriculture-to-nutrition trial in rural malawi: formative research to assess feasibility and inform design and

implementation decisions. Pilot. Feasibil. Stud. 7, 1–11. (doi:10.1186/s40814-021-00877-1)
51. Muleya M, Tang K, Broadley MR, Salter AM, Joy EJM. 2022 Limited supply of protein and lysine is prevalent among the poorest households in malawi and exacerbated by low protein

quality. Nutrients 14, 2430. (doi:10.3390/nu14122430)
52. Tang K et al. 2022 Systematic review of metrics used to characterise dietary nutrient supply from household consumption and expenditure surveys. Public Health Nutr. 25, 1153–

1165. (doi:10.1017/S1368980022000118)
53. Mutonhodza B et al. 2022 Anemia in children aged 6–59 months was significantly associated with maternal anemia status in rural Zimbabwe. J. Food Sci. Nutr. 11, 1232–1246.

(doi:10.1002/fsn3.3157)
54. Mutonhodza B, Joy EJM, Bailey EH, Lark MR, Manzeke-Kangara MG, Broadley MR, Matsungo TM, Chopera P. 2022 Linkages between soil, crop, livestock, and human selenium status

in Sub‐Saharan Africa: a scoping review. Int. J. Food Sci. Technol 57, 6336–6349. (doi:10.1111/ijfs.15979)
55. Mutonhodza B et al. 2023 A pilot survey of selenium status and its geospatial variation among children and women in three rural districts of Zimbabwe. Front. Nutr. 10, 1235113.

(doi:10.3389/fnut.2023.1235113)
56. Bates I et al. 2020 Letter to the Editor: Response to Global soil science research collaboration in the 21st century: time to end helicopter research by Minasny et al. Geoderma 38, 114559.

(doi:10.1016/j.geoderma.2020.114559)
57. Miti C et al. 2023 The appraisal of pedotransfer functions with legacy data; an example from southern Africa. Geoderma 439, 116661. (doi:10.1016/j.geoderma.2023.116661)
58. Lark RM, Ligowe IS, Thierfelder C, Magwero N, Namaona W, Njira K, Sandram I, Chimungu JG, Nalivata PC. 2020 Longitudinal analysis of a long-term conservation agriculture

experiment in Malawi and lessons for future experimental design. Ex. Agric 56, 506–527. (doi:10.1017/S0014479720000125)
59. Botoman L et al. 2020 Increasing zinc concentration in maize grown under contrasting soil types in Malawi through agronomic biofortification: trial protocol for a field experiment

to detect small effect sizes. Plant Direct 4, e00277. (doi:10.1002/pld3.277)
60. Botoman L et al. 2023 Assessing the residual benefit of soil-applied zinc on grain zinc nutritional quality of maize grown under contrasting soil types in Malawi. agriRxiv CABI 2023.

(doi:10.31220/agriRxiv.2023.00182)
61. Mukumbuta I, Chabala LM, Sichinga S, Miti C, Lark RM. 2021 A comparison between three legacy soil maps of Zambia at national scale: the spatial patterns of legend units and their

relation to soil properties. Geoderma 402, 115193. (doi:10.1016/j.geoderma.2021.115193)
62. Mukumbuta I, Chabala LM, Sichinga S, Lark RM. 2022 Accessing and assessing legacy soil information, an example from two provinces of Zambia. Geoderma 420, 115874. (doi:10.

1016/j.geoderma.2022.115874)
63. Bosch G. 2018 Train PhD students to be thinkers not just specialists. Nature 554, 277–277. (doi:10.1038/d41586-018-01853-1)
64. World University News. 2023 Universities must strive to produce 100,000 PhDs in a decade. See https://www.universityworldnews.com/post.php?story=20221108133427840.
65. Mumba C, et al. 2023 Towards a competency-based doctoral curriculum at the University of Zambia: lessons from practice. Front. Educ. 8, 1224075. (doi:10.3389/feduc.2023.

1224075)
66. Ritchie H, Samborska V, Ahuja N, Ortiz-Ospina E, Roser M. 2023 Global Education. OurWorldInData. See https://ourworldindata.org/global-education (accessed 23 January 2024).
67. ACE. 2016 A regional solution to transform science and technology education in Africa. Eastern and Southern Africa higher education centres of excellence (ACE) project report II.

Washington, DC: World Bank Group.
68. United Nations Educational, Scientific and Cultural Organisation (UNESCO). 2016 Number of researchers per million inhabitants by country. Montreal, Canada: Institute for Statistics.
69. Rochmyaningsih D. 2016 The developing world needs basic research too. Nature 534, 7. (doi:10.1038/534007a)

14

royalsocietypublishing.org/journal/rsfs 
Interface Focus 14: 20230058

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

17
 O

ct
ob

er
 2

02
4 

http://dx.doi.org/10.1017/S0029665120006904
http://dx.doi.org/10.1017/S0029665120006904
http://dx.doi.org/10.1016/j.heliyon.2020.e05502
http://dx.doi.org/10.1016/j.heliyon.2020.e05502
http://dx.doi.org/10.1016/j.chemosphere.2020.125984
http://dx.doi.org/10.1038/s41586-021-03559-3
http://dx.doi.org/10.1186/s43170-021-00057-4
http://dx.doi.org/10.3390/agronomy11010124
http://dx.doi.org/10.1007/s10653-021-00849-7
http://dx.doi.org/10.1038/s41598-022-12014-w
http://dx.doi.org/10.1038/s41598-022-12014-w
http://dx.doi.org/10.1038/s41597-022-01500-5
http://dx.doi.org/10.1038/s41597-022-01500-5
http://dx.doi.org/10.1371/journal.pone.0046793
http://dx.doi.org/10.1371/journal.pone.0046793
http://dx.doi.org/10.1016/j.heliyon.2020.e04691
http://dx.doi.org/10.1024/0300-9831/a000158
http://dx.doi.org/10.1024/0300-9831/a000158
http://dx.doi.org/10.1038/srep01425
http://dx.doi.org/10.1017/S0007114523001472
http://dx.doi.org/10.1186/s12910-021-00729-w
http://dx.doi.org/10.1186/s12910-021-00740-1
http://dx.doi.org/10.1186/s40814-021-00877-1
http://dx.doi.org/10.3390/nu14122430
http://dx.doi.org/10.1017/S1368980022000118
http://dx.doi.org/10.1002/fsn3.3157
http://dx.doi.org/10.1111/ijfs.15979
http://dx.doi.org/10.3389/fnut.2023.1235113
http://dx.doi.org/10.1016/j.geoderma.2020.114559
http://dx.doi.org/10.1016/j.geoderma.2023.116661
http://dx.doi.org/10.1017/S0014479720000125
http://dx.doi.org/10.1002/pld3.277
http://dx.doi.org/10.31220/agriRxiv.2023.00182
http://dx.doi.org/10.1016/j.geoderma.2021.115193
http://dx.doi.org/10.1016/j.geoderma.2022.115874
http://dx.doi.org/10.1016/j.geoderma.2022.115874
http://dx.doi.org/10.1038/d41586-018-01853-1
https://www.universityworldnews.com/post.php?story=20221108133427840
http://dx.doi.org/10.3389/feduc.2023.1224075
http://dx.doi.org/10.3389/feduc.2023.1224075
https://ourworldindata.org/global-education
http://dx.doi.org/10.1038/534007a


70. World Bank. 2014 Improving the quality and quantity of scientific research in Africa. See https://www.worldbank.org/en/region/afr/publication/improving-the-quality-and-
quantity-of-scientific-research-in-africa (accessed 23 January 2024).

71. Sun C, Dlamini PS, Maimbolwa MC, Mukonka CCL, Nyamakura R, Omoni G, Seboni N, Larson E. 2017 Success Stories: overcoming barriers to research in Southern and Eastern African
countries. Clin. Nurs. Res. 26, 399–418. (doi:10.1177/1054773817718935)

72. United Nations Development Programme. 2023 The SDGs in action. UNDP. See https://www.undp.org/sustainable-development-goals.
73. African Union. 2014 Agenda 2063, the Africa we want (popular version). See https://www.un.org/en/africa/osaa/pdf/au/agenda2063-framework.pdf.
74. Chu KM, Jayaraman S, Kyamanywa P, Ntakiyiruta G. 2014 Building research capacity in Africa: equity and global health collaborations. PLoS Med. 11, e1001612. (doi:10.1371/

journal.pmed.1001612)
75. The World Bank. 2014 What will it take to turn around higher education in Malawi. World Bank. 1-4. See https://documents1.worldbank.org/curated/en/884611468048863484/

pdf/858050BRI0WB0H00Box382147B00PUBLIC0858050BRI0WB0H00Box382147B00PUBLIC0.pdf (accessed 6 June 2024).
76. United Nations children’s Fund (UNICEF). 2017 UNICEF for every Child. Generation 2030: prioritizing investments in children to reap the demographic dividend. UNICEF division of

data, research, and policy. See https://www.unicef.org/reports/generation-2030-africa-20.
77. Malawi Demographic Dividend Report. 2016 Harnessing the demographic dividend to accelerate socio-economic transformation and economic development in Malawi. UNFPA/

United Nations Malawi and AFIDEP 14–29. https://esaro.unfpa.org/en/publications/malawi-harnessing-demographic-dividend-accelerate-socio-economic-transformation-and#:~
:text=A%20demographic%20dividend%20is%20not,governance%20and%20accountability%20in%20service

78. Government of Malawi. 2012 National population policy. Lilongwe, Malawi.
79. Government of Malawi, UNFPA, AFIDEP. 2016 Harnessing the demographic dividend to accelerate socioeconomic transformation and economic development in Malawi. Lilongwe,

Malawi: Ministry of Finance, Economic Planning and Development. See https://malawi.unfpa.org/ (accessed 3 November 2023).
80. Garwe EC, Thondhlana J, Saidi A. 2021 Evaluation of a quality assurance framework for promoting quality research, innovation and development in higher education institutions in

Zimbabwe. J. Br. Acad. 9, 127–157. (doi:10.5871/jba/009s1.127)
81. Levecque K, Anseel F, Beuckelaer A, Heyden JV, Gisle L. 2018 Work organization and mental health problems in PhD students. Res. Policy 46, 868–879. (doi:10.1016/j.respol.2017.

02.008)

15

royalsocietypublishing.org/journal/rsfs 
Interface Focus 14: 20230058

 D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//r

oy
al

so
ci

et
yp

ub
lis

hi
ng

.o
rg

/ o
n 

17
 O

ct
ob

er
 2

02
4 

https://www.worldbank.org/en/region/afr/publication/improving-the-quality-and-quantity-of-scientific-research-in-africa
https://www.worldbank.org/en/region/afr/publication/improving-the-quality-and-quantity-of-scientific-research-in-africa
http://dx.doi.org/10.1177/1054773817718935
https://www.undp.org/sustainable-development-goals
https://www.un.org/en/africa/osaa/pdf/au/agenda2063-framework.pdf
http://dx.doi.org/10.1371/journal.pmed.1001612
http://dx.doi.org/10.1371/journal.pmed.1001612
https://documents1.worldbank.org/curated/en/884611468048863484/pdf/858050BRI0WB0H00Box382147B00PUBLIC0858050BRI0WB0H00Box382147B00PUBLIC0.pdf
https://documents1.worldbank.org/curated/en/884611468048863484/pdf/858050BRI0WB0H00Box382147B00PUBLIC0858050BRI0WB0H00Box382147B00PUBLIC0.pdf
https://esaro.unfpa.org/en/publications/malawi-harnessing-demographic-dividend-accelerate-socio-economic-transformation-and#:~:text=A%20demographic%20dividend%20is%20not,governance%20and%20accountability%20in%20service
https://esaro.unfpa.org/en/publications/malawi-harnessing-demographic-dividend-accelerate-socio-economic-transformation-and#:~:text=A%20demographic%20dividend%20is%20not,governance%20and%20accountability%20in%20service
https://malawi.unfpa.org/
http://dx.doi.org/10.5871/jba/009s1.127
http://dx.doi.org/10.1016/j.respol.2017.02.008
http://dx.doi.org/10.1016/j.respol.2017.02.008

	Doctoral training to support sustainable soil geochemistry research in Africa
	1. Introduction
	2. The Africa Capacity Building Initiative
	3. Consortium project ‘Soil geochemistry to inform agriculture and health policies’
	3.1. Core PhD training
	3.2. Ivy S. Ligowe: the biogeochemical dynamics of iodine and selenium in contrasting soil types in Malawi
	3.3. Belinda Kaninga: bioavailability of heavy metals in soils that are in close proximity to mine tailings in Copperbelt, Zambia
	3.4. M. Grace Kangara: geospatial variation of bioavailable micronutrients in tropical soils and its effects on crop productivity and human nutrition
	3.5. Aligned PhD training
	3.6. Wider laboratory and technical development
	3.7. Bibliometric analyses of publications

	4. Follow-on projects to support sustainability of research and development activities
	5. Reflections of the consortium
	6. Enablers and barriers towards self-reliant and sustainable research
	6.1. Evidence from the soil geochemistry consortium
	6.2. Global imbalances in scientific research capacity
	6.3. Example strategies for addressing scientific research imbalances
	6.4. Recognition of research outputs ownership and partnerships

	7. The plight of African doctoral students: an urgent need for paradigm shift
	7.1. Core pillars for sustainable capacity strengthening
	7.2. Wider institutional and social constraints to sustainable capacity building

	8. Summary and conclusions


