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Abstract

Climate change and soil degradation threaten agricultural productivity in Sub-Saharan Africa
(SSA), particularly in Malawi where smallholder farming systems predominate. This study
presents a comparative assessment of deep bed farming (DBF) a hybrid conservation
agriculture practice versus conventional ridging (CR) in smallholder maize-based farming
systems through participatory on-farm quasi-experiments that positioned farmers as co-
researchers. Across diverse agroecological zones, we implemented a randomized complete
block design under farmer management to systematically evaluate both cultivation methods.
DBEF significantly (p < 0.001) outperformed CR, supporting higher plant populations of 450 vs
350 maize plants per 10 m? (45,000 vs. 35,000 plants ha™), higher stalk biomass yield of 75
vs. 50 kg per 10 m? (7,500 vs. 5,000 kg ha™'), and 70% greater grain yields (8.5 — 9.0 vs. 5.0
metric tonnes ha™). These outcomes are attributed to DBF's enhancement of soil structure,
moisture retention, and biological activity. The co-creation approach validated DBF's
agronomic benefits while fostering local ownership, enabling real-time adaptation and
enhancing adoption potential. Our findings highlight DBF as a scalable, climate-resilient
practice capable of strengthening food security and ecological sustainability in resource-

constrained smallholder systems.
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1. Introduction

Climate change, loss of biodiversity and population pressures are undermining agricultural
productivity across Sub-Saharan Africa (SSA) countries, with Malawi facing critical
challenges. Despite agriculture being Malawi's economic backbone, persistent food insecurity
and acute poverty continue to aftlict millions of Malawians annually (FAO, 2022; Mgomezulu
et al., 2024). The seriousness of this situation was illustrated in 2024, when the Malawi
Vulnerability Assessment Committee (MVAC) reported over 6 million Malawians
experiencing food insecurity, with more than 4 million facing a hunger crisis (IPC, 2024).
Simultaneously, maize prices, the nation's staple crop, soared by over 230%, raising inflation

to around 35% (FEWS NET, 2024).

These challenges are intensified by poor farming methods, such as traditional ridge-based
systems, which result in the formation of an impermeable hard pan that is formed by continuous
tillage at about 15 — 20 cm soil depth. Over time, this has significantly contributed to land
degradation and the long-term decline in crop productivity (Mloza-Banda & Nanthambwe,
2010; Joyce et al., 2016; FAO, 2022). Malawi's heavy reliance on rainfed agriculture further
amplifies the system's vulnerability to climate-induced disruptions, including increasingly
frequent droughts, rising temperatures, and erratic rainfall patterns. These factors collectively
contribute to an alarming 20% annual decline in crop yields (Mgomezulu et al., 2024),
necessitating urgent interventions that address both immediate food security concerns and long-

term agricultural sustainability.

While conservation agriculture (CA), emphasizing minimal tillage, soil cover and crop
rotations has gained popularity as a sustainable alternative, its adoption in Malawi has been
impacted by the persistent hardpans from historical tillage practices which negate the benefits
of reduced soil disturbance (Andersson & D’Souza, 2014). In response, DBF emerges as a
novel, systems-level innovation tailored to Malawi’s unique agroecological constraints.
Developed and promoted by Tiyeni Malawi, DBF uniquely integrates a one-off strategic deep

tillage (30 cm) with sustained CA principles (Mvula & Dixon, 2021; Tiyeni, 2023). This
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approach directly targets the root cause of degradation by fracturing hardpans to restore
hydrological function and root penetration, while subsequent zero-tillage and organic mulching
preserve soil structure and fertility long-term (Phiri et al., 2024). Unlike conventional CA
systems, DBF’s dual focus on immediate soil rehabilitation and sustained conservation offers

a breakthrough solution for smallholders burdened by degraded lands and climatic volatility.

Early evidence highlights DBF’s transformative potential. Trials by Mvula (2021) reported
maize yield increases of 40-60% compared to ridge-based systems, while Phiri et al. (2024)
demonstrated that DBF-enhanced soils exhibit 30% higher organic carbon and 50% greater
water retention after three seasons. Crucially, DBF’s labour-efficient design, requiring no
annual deep tillage, aligns with the economic realities of resource-constrained farmers, a stark
contrast to conventional ridge farming’s repetitive labour demands. However, existing studies
remain limited to controlled on-station trials or localised lead-farmers, leaving critical gaps in

understanding DBF’s scalability, on-farm variability, and socioeconomic viability.

Despite encouraging results from controlled on-station trials and lead farmer implementations,
understanding DBF's broader on-farm impacts remains crucial for scaling this approach.
Comparative analyses between DBF and traditional ridge-based farming systems can provide
essential insights into its real-world effectiveness, enabling appropriate adaptation for resource-
constrained smallholder farmers. Such evidence-based approaches could help address both
immediate food insecurity and long-term agricultural sustainability challenges while fostering
climate-resilient farming practices across Malawi. The study aims to compare DBF with CR
systems to assess DBF's potential for enhancing crop yields and promoting soil conservation

through rigorous on-farm quasi-experiments.

2. Materials and methods

2.1. Description of study sites

Malawi is a nation located in southern Africa. It has an area of 118, 484 km?, with 94, 449 km?

(80%) of land area and 24, 035 km? (20%) of water surface. The elevation ranges from 32 m
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in the south to 3, 002 m at the peak of Mount Mulanje in the southeast (Manja et al., 2025).
The landscape is diverse, characterized by a mosaic of highlands encompassing mountains and
plateaus, as well as lowland areas spread across the Central, Northern, and Southern regions

(Figure 1a).

Malawi's climate is subtropical, distinguished by two seasons. The rainy season, which occurs
between November and April, brings most of the annual rainfall, with the peak precipitation
falling during the austral summer months of December, January, and February (Tholo et al.,
2025). Figure 1b shows the spatial distribution of temperature and precipitation across the
country. Temperature (°C) is represented along the horizontal axis, transitioning from cooler
(blue) to warmer (orange), and precipitation (mm) is represented along the vertical axis,

transitioning from low precipitation (light shades) to high precipitation (darker shades,

particularly green).
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Figure 1: a) Map of Malawi showing topography variations b) Temperature and precipitation
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Northern Malawi is characterised by generally cooler temperatures (17-25°C) and higher
average rainfall amounts (1000—1600 mm) compared to the rest of the country. The study areas
in this region include Bwengu, Chikwina, Chitheka, Emsizini, Eswazini and Manyamula
extension planning areas (EPA, Figure 2). The elevated topography of these northern highlands
plays a crucial role in moderating temperatures and enhancing precipitation through orographic
effects, where moist air is forced upward along mountain slopes, cooling and condensing to
form clouds and precipitation. These conditions create a relatively consistent climate pattern
that supports different vegetation and agricultural practices than those found in the warmer

south.

The Central region of Malawi experiences moderate to average cool temperatures (19-28°C)
with moderate to high precipitation levels (800—-1200 mm). The study areas in this region, as
shown in Figure 2, include Madisi and Chiwamba EPAs. The central plateau where these sites
are located creates varied microclimates depending on specific elevation and exposure, though
generally maintaining cooler conditions than the southern lowlands. These study sites
represent the transitional zone between the cooler north and hotter south, with climate
conditions reflecting this intermediate position both in temperature patterns and precipitation

regimes.

Southern Malawi exhibits significantly hotter average temperatures (22—-32°C, particularly in
the lowland areas that include some of the country's lowest elevations. In this region, the
highlighted study areas include Kamwendo, Msikawanjala and Thuchila EPAs. This region
receives lower rainfall (500—1000 mm) compared to the central and northern parts of the
country, creating more challenging conditions for certain types of agriculture and ecosystem
development. However, the presence of Mount Mulanje near the southern study sites creates a

notable exception to the general pattern, as this massive elevation rise generates its
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94  microclimate with cooler temperatures and potentially higher rainfall than the surrounding

95  southern lowlands.

8700000.000

500000.000 600000.000 700000.000

8700000

o
=1
b=
=]
=1
o
=]
=1
2
&

m—
500000.000 600000.000

8400000

Legend

[ Study Area Extension Planning Area
[0 Other Extension Planning Areas
0 50 100 km
[

96 720000.000 §10000.000 500000 800000

97  Figure 2: Study extension planning areas

98  2.2.Design of deep bed farming system

99  The implementation of the Tiyeni deep-bed farming system within a community follows a
100  structured and collaborative approach. The process begins when interested farmers reach out
101 to Tiyeni representatives, either local field officers or the Tiyeni Office to formally request
102  assistance in adopting the method. Once a request is received, Tiyeni organises a meeting with
103  the interested farmers. This meeting takes place in the presence of the Village Development
104  Committee (VDC) and is overseen by the Group Village Headman (GVH), ensuring local
105  leadership is involved from the outset. Following this, the GVH and local chiefs allocate a

106  piece of land to be used as a demonstration field for co-generation of knowledge.
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107  The demonstration field serves as a practical training site where farmers are introduced to and
108  gain hands-on experience with the deep-bed farming system. This training spans one full
109  growing season. During this period, Tiyeni supplies the necessary knowledge, skills, and
110  equipment required for successful implementation. Farmers, in turn, contribute voluntarily by
111 dedicating about two hours per week of their time and labour to the demonstration field.
112 Importantly, all produce harvested from the garden are retained by the participating farmers,

113  providing both immediate benefits and long-term skills for sustainable farming.

114  The DBF system itself involves the construction of carefully designed seedbeds, each one
115  metre wide and raised to a height of 30 cm (Figure 3). Furrows are spaced 30 cm apart at the
116 base and 50 cm at the top to optimize planting and water management. These seedbeds are
117  further supported by box ridges constructed every 15 to 25 metres (Tiyeni, 2023). The box
118  ridges serve dual purposes: they provide convenient pathways for farmers to access their crops
119  and help conserve rainwater within the field. By limiting runoff and reducing soil erosion, these
120  features enhance both water retention and soil fertility, making the DBF system an effective

121 and sustainable approach to smallholder farming.

a) Furrows

= Lay down a stick of 50cm to mark the 1* furrow from the marker ridge;

Dig the soil to one side along the marker ridge. As you scoop the soil to

one side, a furrow is made parallel to the marker ridges;

b) Raised Deep-bed Other furrows of 50cm wide are done the same way (25cm wide soil to

= Using a 1m long stick, mark the width of the bed; one side and 25cm to the other side).

= One side of a bed is already made as you were
constructing the 1* furrow above (a);

= Scoop the soil upwards parallel to the marker ridge.

. Furrow
Raised Deep-bed
The mound or bank formed becomes the raised 0.5m

deep-bed; "’__'IL",_.’-'

*= The beds are typically 15m to 25m in length.

Contour marker ridge
with planted Vetiver
grass

Closing the furrows
Close the furrows every 15-25m to avoid
water runoff and soil loss;

= Avoid treading on the beds (to avoid soil

compaction) for a period of 5 years.

<)

/ Closed furrow ends

i

Field boundaries |

d) Footpaths and field boundaries

= Where furrows are closed, these areas can be used as footpaths

across the field.

Field boundaries can aggravate the formation of rills and gullies if

not well constructed, hence raising the furrow ends above the

level of surrounding fields can prevent water draining in and out.

= Both footpaths and field boundaries have to be 50cm wide, slightly
above the beds.

122

123 Figure 3: An illustration of the DBF system (Mvula & Dixon., 2021).
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124  2.3. Experimental design

125  We used a quasi-experimental participatory research approach to assess the comparative
126  impacts of DBF and CR on maize yields in smallholder agricultural systems in Malawi. A
127  randomised complete block design was used, with EPAs serving as blocks and farmer fields as
128  replicates within each block. This methodological approach was strategically selected to
129  capture the variability of smallholder farming contexts while maintaining scientific rigour.
130  Within each participating farmer's field, 10 m x 10 m net plots were systematically demarcated
131  for both DBF and CR farming treatments, ensuring standardised yield determination
132 procedures. One maize seed was planted per station, spaced 25 cm apart within rows and 75

133  cm between rows.

134  All trials were conducted under rainfed conditions with consistent agronomic management
135  practices across sites, though with minor variations reflecting local contexts. Planting was
136  done with the onset of reliable rains between mid-November and early December, with

137  harvesting in April-May. Manual weeding was performed twice during the growing season.

138  Our study was conducted over seven growing seasons (2018, 2019, 2020, 2023, and 2024) in
139  collaboration with Tiyeni member farmers and the Department of Agriculture Research
140  Services (DARS), Ministry of Agriculture. Data from 2015, 2016, 2017, 2021 and 2022 were
141 excluded from analysis because farmers received maize seed late, which significantly delayed
142  planting and impacted yields. This longitudinal timeframe allowed for robust assessment of

143  agricultural interventions across multiple environmental and seasonal variations.

144  Central to the research was an engaged approach that transcended traditional extractive
145  research models. Lead farmers who are members of Tiyeni were positioned as co-researchers
146  and knowledge partners, actively participating in developing contextualised action plans,
147  coordinating data collection processes, providing local insights, and facilitating knowledge
148  transfer within their farming communities. This participatory methodology addressed key

149  limitations in traditional agricultural research by empowering local farmers as active
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150  knowledge producers, ensuring research relevance to local contexts, building local technical

151  and analytical capacities, and facilitating sustainable knowledge dissemination.

152  The involvement of lead farmers contributed valuable insights from non-scientific
153  perspectives, which have been instrumental in substantiating, elucidating, and triangulating our
154  findings. This collaborative approach has established a comprehensive and reliable knowledge

155  base regarding the performance of the DBF in real-world farming conditions.
156  2.4. Plant growth and determination of yields

157  In the four cropping seasons, plant population and harvesting were conducted within a defined
158  net plot of 10 m x 10, which was obtained by leaving 1 m as a buffer on all sides to eliminate
159  edge effects from environmental interference and the total gross plot was 12 m x 12 m. This
160  approach followed standard agronomic protocols to minimise edge effects and ensure the
161  integrity of the experimental data. Plant population counts were carried out one week after

162  germination to assess early establishment.

163 At physiological maturity, maize was harvested from the net plots, and grain yield as well as
164  yield components (including cob number and total above-ground biomass) were carefully
165  measured and recorded to evaluate system performance. Fresh grain yield was determined by
166  shelling all cobs and weighing the grain, with moisture content adjusted to a standardized
167  12.5% using a grain moisture meter. Final yields were extrapolated to kg per ha using the net

168  plot area, accounting for plant population variability.

169  2.5. Data analysis

170  The collected data were subjected to analysis of variance (ANOVA) using R® Statistical
171 Computing Software version 4.5.0 (R Core Team, 2025). Treatment differences were

172 compared using the Least Significant Difference (LSD) test at a 5% significance level (p <
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173 0.05). Additionally, Newman-Keuls multiple range test was used to further distinguish
174  significant differences among treatment means. All statistical analyses were performed
175  following verification that the data met the assumptions of normality and homogeneity of

176  variance.

177 3. Results

178  Maize productivity depends on numerous factors including weather conditions, soil properties,
179  and agronomic practices, subsequently optimising these can significantly enhance yields.
180  Below we present findings of our study evaluating the impact of DBF technology compared to
181  CR in terms of crop yield attributes and overall yields. In addition, we incorporated farmers'

182  perspectives to support the empirical evidence.

183  3.1. Plant population

184 A key determinant of maize productivity is plant population density, which directly influences
185  resource utilization and final yields. The yearly comparison reveals clear performance
186  differences between DBF and CR systems across multiple growing seasons. In 2018, although
187  DBF showed numerically higher plant populations of 480 plants per 10 m? (48,000 plants ha™)
188  compared to 390 plants per 10 m? (39,000 plants ha™), the difference was not statistically
189  significant. By 2019, there were significant differences (p < 0.05), with DBF maintaining
190  higher plant populations (450 plants per 10 m? or 45,000 plants ha™) compared to CR (385

191  plants per 10 m? or 38,500 plants ha™).

192  The advantage of DBF became more pronounced in subsequent years. In 2020, highly
193  significant differences (p < 0.001) were observed, with DBF supporting substantially higher
194  plant populations (390 plants per 10 m? or 39,000 plants ha™') compared to CR (290 plants per
195 10 m? or 29,000 plants ha™"). This pattern continued in 2023 and 2024, both showing highly

196  significant differences (p < 0.001) between systems, with DBF consistently maintaining higher
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plant densities (490 vs. 360 plants per 10 m? or 49,000 vs. 36,000 plants ha™" in 2023; 500 vs.

380 plants per 10 m? or 50,000 vs. 38,000 plants ha™ in 2024).

Notably, years with more challenging weather conditions appeared to magnify the advantages

of DBF over CR (particularly evident in 2020, 2023, and 2024), suggesting its potential as a

climate-resilient practice for smallholder farmers. The interquartile ranges shown in the

boxplots indicate that DBF not only supports higher overall plant populations but also

demonstrates greater stability across different field conditions.
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Figure 4: Plant population between DBF and CR systems.

3.2. Stalk biomass

Stalk development in maize represents a critical indicator of overall plant health, nutrient

availability, and system productivity. The comparison of dry maize stalk weight between DBF

and CR systems reveals significant differences across multiple growing seasons (Figure 5). In

2018, maize grown in DBF plots produced an average dry stalk biomass of approximately 75
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kg per 10 m? (7.5 Mt ha™'), compared to just 50 kg per 10 m? (5 Mt ha™') in CR systems,

representing a 50% increase in above-ground biomass (p < 0.05). This trend was further

amplified in 2019 and 2020, with DBF plots averaging 85 — 90 kg per 10 m? (8.5 -9 Mt ha™),

while CR plots remained substantially lower, around 55 kg and 50 kg per 10 m? (5.5 and 5 Mt

ha™), respectively (p < 0.001 for both years).

However, in 2023 and 2024, although DBF continued to produce heavier stalks than CR, the

differences were not statistically significant. The median stalk weights for DBF in these years

remained higher (approximately 60 kg per 10 m? or 6 Mt ha™' in 2023 and 70 kg per 10 m? or

7 Mt ha™! in 2024) compared to CR (55 kg per 10 m? or 5.5 Mt ha™! in 2023 and 60 kg per 10

m? or 6 Mt ha™' in 2024).
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Figure 5: Maize stalk biomass as influenced by tillage system.

3.3. Number of cobs

The number of maize cobs per plot is a direct indicator of productive capacity and yield

potential. Figure 6 presents a comparative analysis of cob production between the two systems

Subject to the CABI Digital Library Terms & Conditions, available at https://cabi

Downloaded from https://cabi digitallibraré/_.org by 194.80.134.138, on 01/22/26.
i

gitallibrary.org/terms-and-conditions



226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

evaluated in this study. It can be observed that in 2018, DBF plots had a significantly higher

cob count compared to CR (p < 0.01). This trend is pronounced in subsequent years, with

highly significant differences (p <0.001) observed from 2019 through 2024. Notably, the 2019

season showed DBF plots producing median cob counts of approximately 500 (50, 000 cobs

ha!), compared to 300 (30, 000 cobs ha!) in CR plots (Figure 6). Similarly, in 2020, DBF

plots yielded around 400 (40, 000 cobs ha™') cobs per plot versus 250 (25, 000 cobs ha!) in CR

plots. The difference remained consistent in later seasons, with 2023 showing median values

of 510 cobs (1, 000 cobs ha!) for DBF compared to 320 (32, 000 cobs ha™!) for CR, and 2024

showing approximately 520 (52, 000 cobs ha™!) cobs for DBF versus 320 (32, 000 cobs ha™)

for CR. Christina Thom a farmer from Kamwendo EPA indicated:

"I harvested a cob from every maize plant in my field. I can confidently say that DBF
has proven to be a very good technology, especially during times of drought. While all

other technologies were badly affected by the dry spells, DBF performed very well in

"
my field".
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Figure 6: Number of cobs per 10 m? as influenced by tillage system.
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242  3.4. Crop yield

243  Yield improvements are a critical measure of the effectiveness of any agricultural system. Our
244  analysis revealed consistently higher maize yields under DBF compared to CR across most
245  seasons (Figure 7). DBF plots produced an average of approximately 50,000 cobs ha!, while
246  CR plots yielded around 30,000 cobs ha'. These increases in cob production were
247 accompanied by substantial and statistically significant differences in grain yield across
248  multiple years. From Figure 7, it is observed that in 2018, DBF maize yields ranged between
249  85-90 kg per 10 m? (8.5 — 9 Metric tonnes/Mt ha™!), compared to approximately 50 kg under
250 CR (5 Mt ha'), representing a ~70% yield increase (p < 0.01). The yield advantage was
251  pronounced in 2019 and 2020 (p < 0.001), with DBF systems achieving average yields

252 exceeding 9 Mt ha™!, while CR systems remained below 6.0 Mt ha™'.

253  Farmer testimonials further validate these substantial yield improvements. Eliya Ndhlovu from

254  Emsizini EPA stated:

255 "DBF is a promising practice for all smallholder crops guaranteeing increased yields.

256 Because of this, I will continue converting my farm to DBE."

257  Another farmer, Mr. Mbeya from the same EPA, who has implemented the DBF system for

258  approximately 10 years, reported:

259 "I am happy to have adopted DBF. It is assuring good yields every year."

260  These cases demonstrate both the immediate productivity benefits and long-term sustainability
261  of DBF systems, with significant implications for agricultural development and improved

262  farmer livelihoods throughout the region.
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264  Figure 7: Maize yield as influenced by tillage system.

265  3.5. Principal component analysis

266  The first two principal components collectively accounted for 20.4% of the total variability
267 (Diml: 11.1%; Dim2: 9.3%). The analysis revealed significant (p < 0.001) insights into how
268  farming practices and environmental factors influence maize productivity. DBF consistently
269  outperformed CR farming across various EPAs in Malawi (Figure 8). Highest yields in DBF
270  systems are observed in the later years (2022 — 2024) after adoption of the technology
271 compared to earlier years (2018 — 2020). This temporal shift suggests that the soils under DBF

272 are recovering and hence leading to increased crop productivity.

273 Specific yield data on EPAs shows varying results, which is attributed to agroecological
274  conditions. For example, in Emsizini EPA there were yield increases, with maize production
275  more than doubling than other EPAs. This highlights how DBF's benefits can vary depending

276 on the local environment. Other EPAs, such as Bwengu, Chikwina, and Chitheka, likely
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experience similar trends, though the magnitude of yield improvement may differ based on

their specific agroecological characteristics, such as soil type and rainfall distribution.
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Figure 8: Multivariate analysis on the influence of farming system and EPA on maize yield.
4. Discussion

The findings of our study provide compelling evidence that DBF significantly outperforms CR
in maize productivity among smallholder farming communities in Malawi. These results
demonstrate DBF's potential as an effective CA practice with important implications for

enhancing food security.

A fundamental advantage of DBF over CR is its ability to enhance soil physical properties and
biological activity, leading to better root establishment and overall plant performance. Whilst
measurement of the soil parameters was not done as part of the current study, earlier research
has shown significant improvements in soil aeration and moisture retention under DBF
compared to CR (Mvula and Dixon, 2021; Phiri et al., 2024). Our correlation analysis further
supports this finding, with plant population showing a moderate positive correlation with yield

in both systems. Notably, DBF consistently demonstrated stronger correlation coefficients,
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293  suggesting that the improved soil conditions under DBF effectively translated plant population
294  density into yield gains. This evidence aligns with insights from farmers themselves, as one

295  participant reported:

296 "The measurements in the beds [DBF] are precise and calculated, whereas farming on
297 ridges lacks such precision. As a result, beds seem to accommodate a higher number
298 of maize plants within the plots of the same size compared to ridges. While I have not
299 yet counted the plants to confirm this, I am confident that my observation is true".

300 Moreover, Mvula (2021) reports that farmers identified a significantly higher plant population
301 in the DBF plots compared to the CR plots. This observation, as stated by the farmers, was
302  associated with enhanced crop productivity. The findings of this study corroborate the farmers'
303 previous assessments. Unlike CR, which often results in soil compaction and restricted root
304  growth due to repeated shallow ploughing (Thierfelder et al., 2022; Nyamayevu et al., 2025;
305 Manzeke-Kangara et al., 2025), DBF promotes looser, well-aerated soils that allow for deeper

306  root penetration and more efficient nutrient uptake (Phiri et al., 2024).

307 The improvement in soil structure directly supports enhanced biological activity in DBF
308 systems by fostering greater microbial diversity, which in turn facilitates improved organic
309  matter decomposition and nutrient cycling. Mirzavand et al. (2022) demonstrated that reduced
310 tillage systems like DBF preserve soil microbial communities and enhance their functionality.
311 Conversely, CR disrupts these soil microbial networks through frequent soil disturbance,
312  resulting in lower organic matter retention and reduced long-term soil fertility, leading to severe
313  soil degradation (Mloza-Banda et al., 2016; Ahamefule et al., 2020; Manzeke-Kangara et al.,

314 2025).

315  The possibility of enhanced soil health in DBF is reflected in our findings of higher dry stalk

316  biomass, indicating better vegetative growth which may be due to nutrient and water
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317  availability consistent with findings from other CA studies in similar agroecological zones
318  (Ngwira et al., 2013; Bouwman et al., 2021; Nyagumbo et al., 2024). Building on these soil
319  structural improvements, DBF systems demonstrate superior water management capacity by
320  enhancing capillary movement of moisture from deeper soil horizons due to the elimination of

321  hardpan layers in CR.

322  The improved soil architecture leads to significantly better water retention, a critical factor for
323  smallholder maize farming in regions experiencing erratic rainfall patterns (Dixon et al., 2017).
324  This enhanced moisture conservation ensures that crops have sustained access to water, thereby
325 reducing drought and flood stress and improving yield stability (TerAvest et al., 2015;
326  Choudhary et al., 2017; Mupangwa et al., 2022). The higher plant populations observed in our
327 DBEF plots further confirms that this system provides a more stable environment for plant
328  establishment even under varying moisture conditions. The climate resilience of DBF was
329  powerfully illustrated during extreme weather events in 2020, 2023 and 2024 growing season,

330 asevidenced by a farmer from Komwa village who reported:

331 "Crops under DBF were resilient in the floods, to the extent that my crops and beds
332 were not washed away with the flooding. If I had not adopted DBF, I would not have
333 survived the impact of Cyclone Freddy in terms of food. Even though the water was
334 too much, I managed to harvest two and a half bags of maize from the [Deep] Beds".

335 In contrast, CR often exacerbates moisture stress, as conventional ridges typically lead to
336 uneven water distribution, reduced rainwater infiltration, increased surface runoff and soil
337  erosion, causing waterlogging in some areas while others experience excessive drying (Ngetich
338 etal., 2014; Wolka et al., 2018; Nyagumbo et al., 2020). Studies by Hermans et al. (2021) and
339  Oliveira et al. (2024) have demonstrated that conservation agriculture practices like DBF can

340  significantly increase water infiltration rates and reduce runoff by up to 45% compared to

) . . Downloaded from https://cabidigitalIibraré/_.qrg by 194.80.134.138, on 01/22/26.
Subject to the CABI Digital Library Terms & Conditions, avallable at htfps://cabidigitallibrary.org/terms-and-conditions



341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

conventional tillage systems. This ability to moderate soil moisture fluctuations makes DBF a
particularly valuable cropping system under the increasingly unpredictable rainfall patterns

associated with climate change in SSA. A farmer from Jalanthowa village indicated:

"The bed, being more spacious and thoroughly tilled, offers better water retention
compared to ridges. Harvested water remains localised in the plot, enabling the bed to
provide moisture to crops during mid-season droughts which are more frequent in
recent years. By the time beds lose all the moisture, another rainfall is likely to have

occurred".

Conventional

Ridge Farming

Figure 9: In field benefits of DBF

The most compelling evidence of DBF’s superiority over CR is seen in the substantial yield
improvements. DBF plots had a higher maize yield potential of 8.5 — 9.0 Mt ha™! than those
observed in CR systems. These findings are particularly relevant in the context of smallholder
maize farming in Malawi, where current yields remain well below their potential. While the
USDA Foreign Agricultural Service estimates the national average maize yield in Malawi

between 2019/20 and 2023/24 at 2.12 Mt ha’! (including large-scale commercial farms),
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357  smallholder farmers typically achieve yields of only 1 — 1.7 Mt ha™! (Anghileri et al., 2024).
358  These yields represent a fraction of the 4 — 13 Mt ha™! potential achievable under improved

359  agronomic conditions.

360 The yield advantages observed in our DBF plots align with broader CA research across SSA.
361  Namatsheve et al. (2024) revealed that CA practices can increase maize yields by 20 — 60% in
362 rain-fed systems, particularly in low-rainfall environments. Furthermore, CR accelerates soil
363  degradation through repeated tillage and erosion whereas DBF fosters soil resilience and long-

364  term fertility, ensuring sustained high yields over multiple cropping seasons (Phiri et al., 2024).

365  The benefits of DBF extend beyond immediate yield improvements to broader implications for
366 climate resilience and sustainable agriculture in Malawi. By enhancing soil moisture retention
367 and biological activity, DBF effectively helps mitigate climate-induced risks such as prolonged

368  dry spells and erratic rainfall patterns.

369  Given the mounting challenges posed by climate change in SSA, widespread adoption of DBF
370  could play a pivotal role in stabilising maize yields, improving soil health, and ensuring long-
371  term agricultural sustainability in smallholder farming systems. From an economic perspective,
372  conservation agriculture approaches like DBF provide additional benefits through reduced
373  labour requirements and input costs over time, though initial implementation may require

374  additional resources and knowledge (Mvula and Dixon, 2021).

375 4.1. Implications

376  The on-farm experimentation approach used in this study served as a powerful mechanism for
377  both technical design improvement and farmer engagement. By establishing demonstration
378  plots directly within farming communities, researchers were able to adapt the DBF technology

379  to suit local soil conditions, tool availability, and farmer capabilities. This participatory
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380 approach allowed farmers to witness first-hand the development process, contribute their
381 indigenous knowledge to plot design, and observe the technology's performance through
382  various growth stages. The transparency of this process significantly enhanced farmer buy-in
383  for DBF, as community members could directly compare conventional practices with the new

384  technology under familiar conditions.

385  The demonstration plots functioned not only as research sites but also as living classrooms
386  where farmers gained hands-on experience with DBF techniques. This experiential learning
387  approach empowered communities with practical skills and knowledge, fostering a sense of
388  ownership that is critical for sustainability beyond donor funding cycles. When farmers
389 actively participate in technology development and see tangible benefits in their own
390  environment, they become natural advocates and knowledge-sharers within their communities,

391  creating pathways for scaling up (Morgans et al., 2021; Lacoste et al., 2022).

392  While our results strongly favour DBF implementation, they also highlight the need for further
393 research to assess its long-term viability across different agroecological zones in Malawi and
394 beyond. Future studies should explore economic feasibility and compatibility with
395 complementary conservation practices, especially crop rotation, cover cropping and
396 intercropping. Equally important is understanding farmer adoption barriers to ensure that
397  smallholder communities have access to necessary training, resources, and policy support for

398  successful implementation.

399 Longitudinal studies tracking soil health parameters, yield stability, and farmer perceptions
400 over multiple seasons would provide invaluable insights into the sustained benefits of DBF
401  under varying climatic conditions. Such research would strengthen the evidence base for

402  policy advocacy and scaling efforts, ultimately promoting DBF as a climate-smart agricultural
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403  practice capable of transforming smallholder farming systems throughout Malawi and similar

404  contexts across SSA.

405  To further strengthen sustainability, future initiatives should consider establishing farmer-to-
406  farmer learning networks and creating mechanisms for community-based monitoring of DBF
407  performance. These elements would help ensure that the technology remains accessible and
408  effective even after external support ends, truly embedding DBF within the agricultural

409  practices of smallholder communities.

410 5. Conclusions

411 Our study provides robust evidence that deep bed farming offers significant advantages over
412  conventional ridging systems for smallholder farmers in Malawi. DBF consistently
413  demonstrated superior performance across all measured parameters, including plant population
414  density, biomass accumulation, and most importantly, grain yield. This suggests that the
415  technology's ability to enhance soil structure, improve water retention, and foster biological
416  activity directly translates to a 70% increase in maize productivity, with yields reaching 8.5 —

417 9 Mt ha'! compared to 5 Mt ha'! under conventional ridging.

418  These findings have important implications for addressing food security challenges in Malawi,
419  where smallholder farmers typically achieve yields far below potential. By implementing DBF,
420  farmers can potentially bridge this yield gap while simultaneously improving soil health and
421  building resilience against climate variability. While our results are promising, further research
422  on long-term sustainability, economic feasibility, and adoption barriers will be essential for
423  successful scaling of DBF across diverse agroecological zones. Nevertheless, DBF represents
424  a practical and effective climate-smart agricultural approach with transformative potential for

425  smallholder farming systems throughout Malawi and similar contexts in SSA.
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428  accessed in the "Malawi-Farming-Practices-Analysis" repository at

429  https://github.com/WilliamBanda/Malawi-Farming-Practices-Analysis. This repository

430  contains all raw data, processed datasets, statistical analysis scripts, and visualisation code used
431  to generate the findings presented in this paper. We encourage other researchers to utilise these

432  resources for verification, replication, or extension of our work.
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