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The global temperature increase of 1.1°C over the past decade and human 
population growth are already escalating competition for water in  locations 
where water is scarce, adversely affecting agriculture. Water-smart farming was 
developed to address challenges associated with the availability, access and use 
of agricultural water. It complements practices and goals related to agricultural 
water in climate-smart agriculture. It encompasses several climate-responsive 
food cropping systems, water-saving methods, tools, and technologies to 
grow food sustainably. Effective implementation of water-smart farming can 
ameliorate the pressing burden of agricultural water competition. Therefore, 
the conceptual framework of water-smart farming and its principal elements or 
ideology are introduced in this review. The major pillars of water-smart cropping, 
which include conditioning and improving the soil’s capacity to capture and hold 
moisture, basic infrastructure for water harvesting, storage and use as nature-
based cropping solutions were elaborated. Further examples of technologies and 
best practices in water-smart crop farming, such as breeding for drought-tolerant 
crop varieties, promoting dryland cropping systems, alternate wetting and 
drying technology, water drainage and control structures, rainwater harvesting, 
utilization of irrigation reservoirs, cover cropping and intercropping for enhancing 
soil moisture conservation were presented. The review also briefly shows the 
contribution of some of these best practices and adaptive technologies of water-
smart cropping toward promoting water-saving methods used for growing rice, 
maize, legumes, cassava and peri-urban vegetables.
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1. Introduction

Agricultural production is critically dependent on water resources, 
which face escalating threats due to increasing water scarcity. The 
looming specter of climate change further compounds these 
challenges by disrupting the delicate balance of the water cycle (Oral 
et  al., 2021). The agricultural sector, in particular, finds itself at a 
precipice, necessitating a comprehensive management approach to 
mitigate the impending impacts (Abbass et al., 2022).

In this era of rapid environmental transformation and mounting 
uncertainties regarding water supplies, it is imperative to guide 
farmers in transitioning from archaic, high-water-demand agricultural 
and irrigation techniques to modern, low-water-demand systems and 
technologies (Moradet, 2005; Feizizadeh et al., 2022). Nature-based 
Solutions (NbS) have emerged as a pivotal strategy in combatting 
environmental and agricultural challenges within the context of 
climate change. NbS encompasses a spectrum of ecosystem-based 
approaches aimed at addressing both environmental and societal 
dilemmas (Cohen-Shacham et al., 2019; Sarabi et al., 2019). Prior 
research on NbS has explored their applications across diverse 
contexts, including biodiversity conservation, disaster risk reduction, 
and climate adaptation. These strategies have demonstrated the 
potential for enhanced ecosystem services, increased community 
resilience, and cost-effectiveness (Shah et al., 2020; Bayulken et al., 
2021; Liu et  al., 2021). Nevertheless, challenges related to 
implementation, scalability, and the imperative for localized 
adaptation persist (Seddon et al., 2020; Seddon, 2022). Hence, there 
arises a pressing need to contribute to the existing body of knowledge 
by directing our focus squarely on water-smart crop farming as an 
NbS tailored to address climate change’s impact on agriculture.

Effective water resource management stands as a linchpin in 
ensuring equitable allocation and optimal utilization. At its core, this 
entails accounting for every drop of water to produce food with 
minimal losses or, more succinctly, the acclaimed measure of water 
use efficiency: “the amount of carbon assimilated as biomass or grain 
produced per unit of water used by the crop” (Hoover et al., 2023). 
Water-smart cropping solutions encompass a gamut of practices, 
including dryland rice cultivation, system rice intensification, alternate 
wetting and drying, promotion of farmer-led reduced irrigation, cover 
cropping, intercropping of legumes with food crops, and the 
development of drought-tolerant maize varieties, among others. 
Widespread adoption of these techniques, coupled with adherence to 
sound agronomic practices, is essential. Smallholder farmers, who 
remain dominant in the global agricultural landscape, must 
be empowered to spearhead climate change adaptation efforts (Mushi 
et  al., 2023; Ndhlovu and Mhlanga, 2023). This empowerment 
necessitates robust agronomic management encompassing 
fertilization, irrigation, cropping patterns, and plant protection, in 
tandem with addressing external factors such as input supply, post-
harvest handling facilities, and policy regulations (Islam et al., 2022).

Despite global socioeconomic advancements, the primary 
impetus behind increased crop output has been the expansion of 
mainly rainfed cultivated areas (FAOSTAT, 2022; Saito et al., 2023). 
Consequently, a vast reservoir of untapped potential in water resources 
beckons, offering ample room for the expansion of irrigation. 
However, the lion’s share of investment in irrigation schemes hails 
from the public sector, with limited participation from potential 
public-private partnerships (Dumani et al., 2023). Numerous studies 

have underscored the importance of tailored public investments that 
bolster agricultural productivity and resilience capacity (Otieno et al., 
2022; Ankrah et  al., 2023; Chen and Hu, 2023). Traditionally, 
government entities bore the mantle of planning, developing, and 
constructing irrigation projects. Yet, the landscape is evolving, with 
the private sector emerging as a significant player and the mantle of 
irrigation development and management transitioning toward greater 
user involvement. By empowering farmers to actively engage in 
participatory irrigation development, collaborative decision-making 
ensues, facilitating a more effective and inclusive approach (Nalumu 
et al., 2021).

On a global scale, irrigation accounts for a staggering 70% of 
freshwater withdrawals and a staggering 90% of freshwater use, 
exerting profound impacts on terrestrial water and hydrological cycles 
(Guillaumot et  al., 2022; Scanlon et  al., 2023). The practical and 
equitable utilization of groundwater remains a persistent concern in 
many nations, diminishing the benefits accrued by both individuals 
and society (Ross et al., 2023; Valipour et al., 2023). Estimates indicate 
that surface water resources currently support 62% of irrigated land, 
while groundwater supports the remaining 38% (Ashraf et al., 2021). 
However, the availability of water within each system at any given 
moment hinges on various factors, including the presence of lakes, 
wetlands, artificial reservoir storage capacity, soil types, and rates of 
soil evaporation. Human activities, such as reservoir construction and 
wetland drainage, wield significant influence over these determinants. 
According to the International Water Management Institute (IWMI), 
small-scale irrigation expansion could potentially add 30 million 
hectares of irrigated land in sub-Saharan Africa, translating to annual 
net earnings of US$22 billion. Such an expansion holds the promise of 
bolstering food security and income for 185 million people, making it 
a pivotal strategy to address hunger, poverty, and malnutrition in West 
Africa (Rafael, 2023). To realize this potential, targeted investments 
and policies aimed at enhancing small-scale irrigation systems must 
be prioritized (Mango et al., 2018).

This review focuses on elucidating the concept of water-smart 
crop farming as a nature-based solution to confront the multifaceted 
challenges posed by climate change. It encompasses a comprehensive 
examination of the effectiveness and potential of water-smart crop 
farming practices in mitigating climate change’s impact. This review 
also delves into defining the framework and essential elements of 
water-smart crop farming while assessing its contributions to climate 
change adaptation. Furthermore, the review identifies exemplary 
nature-based solutions, particularly relevant for smallholder farmers 
in sub-Saharan Africa. Methodologically, this research incorporates a 
quality assessment of collected articles and employs a search strategy 
guided by key concepts related to crop adaptation and sustainable 
water management.

2. Materials and methods

This review delves into the multifaceted aspects of water-smart 
crop farming and its potential as a climate change adaptation strategy. 
The approach adopted in this study draws inspiration from Khan et al. 
(2003) and is visually depicted in Figure  1. The investigation 
systematically scoured scientific literature across prominent databases 
such as Google Scholar, Web of Science, and other relevant sources to 
identify published research concerning water-smart crop farming as 
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a nature-based solution for climate change adaptation. The search 
queries were meticulously constructed, predominantly focusing on 
thematic areas and keywords such as “water-smart farming,” “nature-
based solutions,” “climate change,” and “smallholder farming.” The 
research inquiries that guided this study encompassed:

 (i) Why do existing frameworks and elements of water-smart 
climate-smart technologies fall short in delivering benefits 
to farmers?

 (ii) What measures are essential to unlock the potential of water-
smart agricultural interventions? Specifically,

 • To what extent can water-smart crop farming contribute to 
climate change adaptation?

 • What existing water-smart crop farming practices are practical 
nature-based solutions for smallholder farmers in 
sub-Saharan Africa?

The initial phase of article identification yielded 520 potential 
articles for consideration. The process commenced with the removal 
of duplicate articles, resulting in a refined pool of 380 unique articles 
eligible for subsequent screening. During the screening phase, articles 
underwent two sequential filtration steps based on title and abstract. 
Initially, 213 articles were excluded based on title screening, reducing 

the count to 115 articles eligible for abstract screening. Following a 
meticulous review of abstracts, an additional 63 articles were omitted. 
Exclusion criteria during both title and abstract screening focused on 
articles that did not reference water-smart farming as a data source. In 
the final inclusion phase, 52 articles met the eligibility criteria and 
were selected for further retrieval and in-depth analysis of pertinent 
information. Table  1 presents a comprehensive summary of key 
findings derived from the review questions, thematic areas, and 
keywords employed in the search.

To ensure the reliability and relevance of the gathered literature, a 
stringent quality assessment was conducted on the searched and 
retrieved articles, adhering to the criteria established by the Center for 
Internet Security (CIS). These criteria, inspired by Dixon-Woods et al. 
(2006), encompassed various factors, including research methodology, 
data analysis, and the overall credibility of the studies. The study 
meticulously employed specific key concepts in improving water 
management and agricultural development to guide the search for 
relevant articles, revolving around two primary themes: mitigation 
strategies for crop adaptation to water stress and sustainable water 
management in the context of climate change. It’s worth noting that 
references such as Chartzoulakis and Bertaki (2015) and IWMI (2017) 
played a pivotal role in refining search terms and concepts.

Furthermore, this study incorporated best-practice examples of 
nature-based solutions gleaned from the author’s extensive research 
experience at the CSIR-Crops Research Institute. These examples 

FIGURE 1

The procedure applied for the peer-reviewed literature searches adapted from Khan et al. (2003).
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serve as practical illustrations of how water-smart crop farming and 
climate change adaptation can be effectively implemented in real-
world scenarios. Figure 1 outlines the procedure for conducting peer-
reviewed literature searches, adapted from Khan et  al. (2003). 
Although the detailed steps of this procedure are not expounded upon 
in the text, they encompass defining search terms, selecting databases 
for the search, applying inclusion and exclusion criteria, and retrieving 
and meticulously reviewing the identified articles.

3. Results and discussion

3.1. Water-smart crop farming, definition, 
framework and elements

Water-smart crop farming is a vital strategy for smallholder 
farmers in sub-Saharan Africa and globally. It’s an approach that 
focuses on optimizing water resource utilization while simultaneously 
enhancing crop productivity and resilience (Haileslassie et al., 2022; 
Takeshima and Mano, 2023). Within this framework, several key 
elements play a crucial role in ensuring the sustainability of 
agricultural practices among smallholders. Smallholder farmers face 
unique challenges, often operating in regions with limited water 
resources and unpredictable rainfall patterns. Climate change 
exacerbates these issues, making efficient water management essential 
(Pahl-Wostl, 2007). Water-smart crop farming becomes a lifeline for 
these farmers by addressing these challenges. One of the primary 
elements of this approach is the efficient use of water. Smallholders are 
encouraged to adopt advanced irrigation techniques like drip or 
sprinkler systems to minimize water wastage (Ali et al., 2020).

Additionally, selecting drought-resistant crop varieties and 
adjusting planting times based on climate conditions can improve 
water efficiency while safeguarding crop yields (Khatun et al., 2021). 
Sustainable water sources are also critical. Rainwater harvesting, 
utilizing surface water, and managing groundwater resources 
responsibly are key components. These practices ensure a reliable 
water supply for farming, reducing the vulnerability of smallholders 
to water scarcity. Adaptive management is another crucial aspect, 
allowing smallholders to adjust their farming practices based on 
changing water availability and climate conditions (Azadi et al., 2021). 
This flexibility is essential for long-term success. Furthermore, 
smallholder farmers are encouraged to engage with their local 

communities and stakeholders. Collaborative efforts can lead to better 
management of shared water resources, enhancing the sustainability 
of agricultural practices on a broader scale.

It is estimated that 29% more irrigated areas will be required by 
2025 to sustain food production and reduce poverty in Africa and 
South-East Asia, while freshwater supplies will be  diverted from 
agriculture to meet the increasing demand for domestic use and 
industry (Chartzoulakis and Bertaki, 2015; IWMI, 2017). To ensure 
sustainable water management, we  propose water harvesting 
techniques for most smallholder farmers who rely on rainfed 
agriculture (upland and lowland rice, maize, legumes, cassava, yam, 
cocoyam, leafy vegetables, eggplants, okra, plantain and bananas etc.). 
Using climate-smart agriculture principles and promoting related 
approaches specified per locality, cropping pattern and markets is 
central to improving agricultural development and sustainable water 
management (Figure  2). Attention must be  given to efficient soil 
conservation practices, including linkages with upstream land use 
(Figure 3) and downstream irrigation farming (Figures 2, 4A,B).

Globally, irrigation efficiency is very low since the crops use less 
than 65% of the applied water. The sustainable use of irrigation water 
is a priority for agriculture in arid and semi-arid areas (Chartzoulakis 
and Bertaki, 2015). Therefore, in the face of prevalent water scarcity 
and climate change, significant efforts should be  dedicated to 
introducing policies geared toward increasing water use efficiency 
centered on clear-cut goals and targets to achieve more with less water 
through better management (Chartzoulakis and Bertaki, 2015).

Strategic planning of water resources management and allocation 
may involve adopting best practices tailored toward (a) setting the 
sustainable limits of water consumption and (b) making the best use 
of every drop of water, including non-conventional water sources 
(FAO, 2022). Four interventions have been proposed and are being 
piloted in the arid and semi-arid regions; (i) water accounting and 
auditing system, (ii) framework on water efficiency and water 
productivity, (iii) analysis of the framework for water-food-energy-
climate-ecosystems nexus, (iv) communication and awareness 
creation (FAO, 2022). These interventions provide an assessment of 
biophysical and economic water productivity. They also enhance best 
practices and introduce cheaper technologies based on farmer field 
schools and decentralized water governance. The interventions must 
consider rural agro-based industrial value chains, gender dimensions, 
and incentive frameworks adapted to each local condition. The 
interventions would ensure higher efficiency/productivity for the 2030 

TABLE 1 Summary of main findings identified based on research questions.

Research questions References Main findings

Why do existing frameworks and elements of water-

smart climate-smart technologies fall short in 

delivering benefits to farmers?

Hammond et al. (2017), Makate (2019), Fawole and Aderinoye-

Abdulwahab (2021), Kangogo et al. (2021), Ndlovu and Borrass 

(2021), Jin et al. (2022), and Wakweya (2023)

Limited local context consideration

Inadequate access to resources and technology

Challenges in community engagement

Insufficient policy support

Lack of extension services

Cultural and traditional practices

Socio-Economic Disparities

What measures are essential to unlock the potential 

of water-smart agricultural interventions?

IWMI (2017), Oteng-Darko et al. (2018), Bessah et al. (2022), 

FAO (2022), Krishnan et al. (2022), and Zhang et al. (2022)

Comprehensive water management

Diversification of water sources

Rainwater harvesting

Water use efficiency and crop productivity
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SDGs, and its timeline is attained within safe operational boundaries 
of water use that define the engagements for water sustainability.

3.2. Facilitating water productivity in 
small-scale farmers’ fields

To drive on-farm productivity, some simple and easy small-scale 
irrigation techniques that are budget-friendly may involve hand watering 
with a hose, buckets and watering cans, and rainwater harvesting 

(Oteng-Darko et al., 2018). Others may include rainwater storage in 
drums or earth dugouts (Figure 5), locally made low-cost (PVC pipes-
based) sprinklers, misters, and drips connected to the water source 
(Figures 4A, 3B). An example of a small-scale irrigation approach is 
indicated in Figure 5. Farmer-led irrigation is cheap, easy to operate and 
maintain, and easy to move from one plot to the other (IWMI, 2017; 
World Bank, 2018). The rationale of farmer-led irrigation is that when 
farmers lead, they own and can drive adoption to neighboring farmers. 
Barriers to land tenure and water ownership are reduced as farmer-led 
irrigation schemes are viewed as more secure.

FIGURE 2

Suggested framework on how to improve water management and agricultural development. Sustainable water management in agriculture may 
be realized when water is managed, protected and allocated efficiently and effectively. Each circle enlists the various water management features 
below water protection, management and allocation. CFCs, Chlorofluorocarbons.

FIGURE 3

An open field at CSIR-Crops Research Institute in Kumasi, Ghana, showcasing a diverse array of upland or dryland rice varieties on the brink of 
flowering. Production of upland rice uses 60% less water than what would be required for irrigated lowland rice to flower. However, upland ecology 
grain yield is usually lower than irrigated or rainfed lowland rice. Picture credit: CSIR-Crops Research Institute, 2017. NB: Lowland rice is cultivated 
under continuous-flooded transplanted management, whereas upland rice can be grown in rainfed conditions or under sprinkler irrigation (Amante 
et al., 2012).
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In terms of unconventional water use for irrigation (wastewater 
use, reuse, and recycling) in small farms, regulatory measures are 
needed that consciously promote safe water use for different crops. 
Strong campaigns, public sensitization workshops, research, and 
knowledge development initiatives may be applied to advance the 
treatment and use of wastewater for irrigation. For example, freely 
available water effluents in an aquaponics-based food production 
system increased maize yields to about 50% over the farmer’s practice 
and reduced total production costs, thereby improving farmer income 
and food security (Frimpong et  al., 2017). Public and private 
investments into small-scale irrigation that provide credit access for 
smallholder farmers could potentially derive significant food and 
livelihood improvement (Mango et al., 2018).

3.3. Combating climate change using 
water-smart crop farming–insights, 
challenges and opportunities

Climate change would rapidly increase water withdrawals, water 
quality degradation, and competition for water at all levels (FAO, 
2013). However, climate-smart water solutions would help mitigate 
the impact of climate change (dry spells, delayed rainfall, short rain 
cycles etc.). Most pro-poor irrigation solutions for small-scale farmers 
may be  characterized as climate-smart cropping practices. Some 
examples of climate-smart water solutions may include alternate 
wetting and drying (Figures 4A, 3B), cover cropping, intercropping 
with leguminous crops for soil moisture conservation and water use 

FIGURE 4

Rice fields showing alternate wetting and drying (A) versus continuous flooding irrigation (B) in the field at CSIR-Crops Research Institute, Kumasi, 
Ghana (Source: Maxwell Darko Asante, 2021).
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efficiency for root and tuber crops (Figures  6, 7). For instance, a 
proper cassava-legume intercropping system allows the arrangement 
with improved cassava varieties that have erect or semi-erect canopy 
shape (Figure 7), high yielding 40–60 t/ha, high dry matter content of 
+30%, resistant to cassava mosaic disease, good for fufu, flour, starch, 
industrial alcohol and can thrive in several ecologies of coastal, forest, 
savannah and transition zones (CSIR and MOFA, 2012; Figure 6).

Another example of water-smart crop farming proven to 
be able to conserve soil moisture and improve water use efficiency 

was earlier reported in a yam-pigeon pea intercropping system 
(Owusu Danquah et al., 2022a). In the example of the yam-pigeon 
pea intercropping system, the pigeon pea is planted as annual 
leguminous perennials, while the yam is planted in between alley 
spaces left where the yam ridges are made. The moderate canopy 
of the pigeon pea shades the land surface as the yam crops climb 
onto them as support and intercept sunlight (Owusu Danquah 
et al., 2022b).

Other innovative water technologies for cereals, horticultural 
crops and vegetables may include floating agriculture, vertical 
farming, micro-irrigation, and deficit irrigation for upland rice 
production (Figure 3). Other water-smart solutions are bunding and 
leveling to control water drainage in lowland rice (Figures 8A,B), 
plastic mulching, vermicomposting and organic amelioration, 
inorganic deep fertilizer placement, and exogenous application of 
biosynthetic hormones, moderated farming along the banks of 
reservoirs and rivers (Figure 9). Some climate-smart water solutions 
may present added advantages. For instance, solar-powered pumps to 
access groundwater avoid over-pumping by offering small farmers the 
opportunity to sell excess solar power to the utility (IWMI, 2017). 
Critical interventions to climate-smart water solutions also include 
developing and deploying improved drought-tolerant, stress-resilient 
and high-yielding crops such as maize (STMA, 2020; Figure 10).

In most African countries, including Ghana, governments are key 
players in the development of the irrigation sectors. For instance, 
Ghana can boast 23 irrigation schemes from 2016 till date, managed 
by the Irrigation Development Authority. In Cote d’Ivoire, the Bagri 
irrigation scheme is a center for vegetables and cereals like tomatoes, 
onions, green peppers and rice. In Egypt and Niger, the Nile irrigation 
scheme serves as a major water source for agriculture. Most 
government-led irrigation schemes adopt participatory-irrigation 
development with farmers and the private sector. These irrigation 
schemes have used surface and groundwater resources for effective 
and efficient development (Peter, 2004).

However, one of the reasons why these climate-smart efforts have 
not paid off could be attributed to the use of improved varieties and 
fertilizers without following good agronomic practices (Awio et al., 
2022). Good agronomic practices, or “good agronomy, “is an 

FIGURE 5

Farmer-led rainwater harvesting dugouts and waterways between beds that are commonly used to irrigate Ghana’s peri-urban smallholder vegetable 
farms (some common vegetables usually grown include lettuce, cabbage, bell pepper, onion etc.). Picture credit: Felix Frimpong, 2022.

FIGURE 6

Field demonstration of improved dual-purpose cassava-cowpea 
integration system at CSIR-Crops Research Institute on-station 
training site, Fumesua, Ghana. The improved cassava was CRI – 
Duade Kpakpa spaced at 0.8  m within rows and 1.5  m between rows. 
Two rows of the cowpea variety, CRI-Anigye (semi-erect type), are 
planted at 0.5  m  ×  0.5  m in the middle of two cassava rows. Photo 
credit: Frimpong Felix, 2016.
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integrated, coherent set of crop, soil, water, weed, disease, and pest 
management practices crucial to boosting yields alongside fertilizer 
and improved crop variety use (Awio et al., 2022).

The primary goal of Climate-Smart Agriculture (CSA) is to use 
modern agricultural technology and advances, such as inorganic 
fertilizers, pesticides, foodstuffs, food supplements, high-yielding 

FIGURE 7

Soil moisture conservation practices to enhance water use efficiency in yam-dual purpose cowpea (A) and yam-groundnut (B) as cover crops in an 
intercrop. The main crop, the yam, has vines held by the trellis stake (bamboo and ropes) as they climb up to intercept incoming irradiance. The 
leguminous or secondary crops are sown in available rows/column spaces when the yam is already at the vegetative growth stage (10–12  weeks after 
planting) to cover up and reduce evapotranspiration to conserve soil moisture.

A

B

FIGURE 8

Bunding (A) and leveling (B) to control water drainage for rice breeding activities at an outstation of CSIR-Crops Research Institute, Ghana. Photo 
credit: Maxwell Darko Asante, 2022.
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varieties, land management, and irrigation techniques, to achieve high 
yields and resilient systems (Azadi et al., 2022). Thus, it is vital to meet 
the food needs of an expanding population while also stimulating the 
economic growth needed to eliminate poverty (Azadi et al., 2021). 
However, there is now a growing critique of “climate-smart 
agriculture” (Alexander, 2019; Eriksen et al., 2019). Ineffective CSA 
targeting thus lacks the particular livelihood transition capacities of 
small-scale farming households, which are tied to the opportunities 
and limits provided by varied agricultural and non-agricultural 
livelihood routes. Vulnerable-Smart Agriculture (VSA) has been 
suggested, which begins with small-scale farmers and tries to 
understand the challenges they confront in improving their 
livelihoods, followed by the “participatory” design of intervention 
programs to assist farmers in overcoming these barriers. Vulnerable-
Smart Agriculture (VSA) begins on a small scale (Azadi et al., 2021).

3.4. Water-smart crop farming and 
nature-based solutions synergies

Water-smart crop farming and practical nature-based solutions 
exhibit substantial correlations, providing valuable insights into 
sustainable agriculture’s response to climate change challenges. Both 
approaches prioritize resource optimization, with a particular focus 
on efficient water utilization and harnessing the potential of natural 
ecosystems to enhance overall resource efficiency. This convergence 
becomes especially pertinent in regions grappling with water scarcity 
and climate-induced disruptions in agricultural systems. Furthermore, 
both strategies contribute significantly to enhancing climate resilience.

FIGURE 9

Water reservoir for irrigation, rainwater storage and watershed management of the catchment used for research activities at the CSIR-Crops Research 
Institute, Fumesua, Ghana. Photo credit: Felix Frimpong, 2016.

FIGURE 10

Demonstration of improved drought-tolerant maize varieties (CRI-
Obotantim and CRI-Abontem, upper and lower panels, respectively) 
released by the Stress Tolerant Maize for Africa project at CSIR-CRI, 
Fumesua on-station. Photo credit: Felix Frimpong, 2016.
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Water-smart crop farming entails the adaptation of crop and 
irrigation practices to changing climate conditions, ensuring sustained 
agricultural productivity (Patle et al., 2020). Simultaneously, nature-based 
solutions bolster ecosystem resilience, indirectly benefiting agriculture by 
mitigating climate-related challenges. Nature-based solutions often 
promote biodiversity, facilitating natural pest control and pollination, 
which ultimately benefit crop health (Cuenca-Cambronero et al., 2023). 
Notably, water-smart farming practices, such as reduced chemical usage, 
align with biodiversity-enhancing principles. Nature-based solutions 
directly leverage these ecosystem services, while water-smart farming 
practices indirectly reap their rewards.

For instance, consider peri-urban vegetable farming, which 
employs pro-poor irrigation systems like earth dugouts, bunding, 
leveling, raised beds, and contours or water drainage structures to 
efficiently manage water resources while producing food for urban 
dwellers. Smallholder farmers engaging in peri-urban vegetable 
production foster biodiversity and promote environmentally friendly 
practices. These farms offer affordable sources of vegetables and fruits 
while utilizing previously unproductive land spaces, a crucial aspect 
for policymaking in sustainable and affordable food production.

Practical examples of nature-based solutions underscore the seamless 
synergy between these two approaches. Agroforestry, which combines 
tree planting with agriculture, enhances water retention, provides shade, 
and improves soil fertility, benefiting both water-smart crop farming and 
nature-based solutions. Wetland restoration enhances water quality and 
availability, while cover cropping enhances soil health and resilience, 
aligning seamlessly with both strategies. Terracing, often associated with 
water-smart farming, reduces soil erosion and mimics natural landscapes, 
thus embracing nature-based principles.

Key lessons emerge from these interactions, highlighting the 
potential for synergistic effects when combining water-smart crop 
farming with nature-based solutions. However, it underscores the 
importance of local adaptation, acknowledging the need to tailor 
solutions to specific regional conditions. Community engagement 
proves pivotal for successful implementation, and regular monitoring 
and evaluation remain critical for continuous improvement. 
Supportive government policies become essential in fostering the 
adoption of these approaches, with incentives and regulations serving 
as potent tools to encourage sustainable practices and the preservation 
of natural ecosystems.

3.5. Farm-level adaptation and mitigation 
strategies to minimize climate change 
impacts

The mitigation and adaptation of crop varieties and management, 
water and soil management, financial schemes, migration, and culture, 
and finally agriculture and weather services are four themes that can 
be used to group strategies to reduce the effects of climate change on 
farms in Africa, possibly Asia, and other parts of the world (Magesa 
et al., 2023).

Smart-agricultural technologies that depend on improved crop 
varieties and their management, water and soil management have 
been substantially addressed and discussed so far in our study. These 
methods include the use of improved drought-tolerant crop varieties, 
crop diversification, rainwater harvesting and storage for irrigation as 
well as watershed management along local farm water banks.

Additionally, changing planting dates and planting early maturing 
crops. The use of inexpensive dugouts and furrows for vegetable farming 
in urban and peri-urban dwellers, correct bundling and leveling in rice 
agriculture, and decreased tillage techniques. Others may include, crop 
rotations and legumes/tree crops integration, alternate wetting and drying 
for lowland rice cultivation, yam/cassava legumes intercropping for 
improved water use efficiency and soil cover.

Other transformational improvements, such as expanding 
irrigation infrastructure, promoting crop insurance, utilizing better 
varieties, and expanding options for livelihood diversification have 
been suggested (Namara and Hilmy, 2014; Magesa et al., 2023). The 
financial schemes, migration, and culture; and agriculture and weather 
services aspects of reducing adaptation and mitigation are equally 
important as those strategies we have elaborated early on for resource-
poor smallholder farmers to cope and achieve meaningful crop yield.

4. Conclusion and remarks

In conclusion, this review has elucidated a comprehensive 
framework for enhancing water management and cultivating sustainable 
water-smart cropping practices in agriculture. Throughout our analysis, 
we have underscored several key takeaways. We have emphasized the 
integral role of Water-Smart Cropping as a nature-based solution for 
climate change adaptation in agriculture, showcasing its potential to 
secure water resources for future generations. We have highlighted the 
diversity of climate-responsive food-cropping systems, water-saving 
techniques, and technological innovations that constitute the fabric of 
water-smart farming. These strategies collectively contribute to 
sustainable food production. Our vision extends to the alignment of 
water-smart cropping systems with the United Nations’ 2030 sustainable 
development agenda, focusing on ending poverty, preserving human 
lives, safeguarding the planet, fostering prosperity, and nurturing 
partnerships for sustainability. It is imperative to acknowledge that the 
strong emphasis on water conservation in water-smart cropping may 
lead to yield penalties or reduced crop yield potential in certain 
agroecological zones where water is not the primary limiting factor. 
Moving forward, we propose several avenues for future research that 
warrant focused attention. Future research should prioritize strategies 
and interventions aimed at enhancing the widespread adoption of 
water-smart crop farming practices, especially in resource-limited 
regions of global south countries. This includes examining effective 
knowledge transfer mechanisms and adoption incentives. Investigating 
methods to balance water-saving measures with crop-centric strategies 
in different agroecological contexts is essential to mitigate potential 
yield trade-offs. Rigorous assessments of the impact of water-smart 
cropping on agricultural productivity, livelihoods, and environmental 
sustainability should be conducted to provide empirical evidence for 
policymakers and stakeholders. Comparative studies across various 
regions can help identify best practices and region-specific adaptations 
of water-smart cropping, contributing to a broader understanding of its 
applicability. Future research should also consider the role of gender and 
youth in the adoption and implementation of water-smart cropping 
practices, with a focus on promoting inclusive and equitable 
development. In terms of limitations, our study’s predominant focus on 
water conservation may limit its applicability in agroecological zones 
where water is not a primary constraint. The findings presented here are 
based on the West African context, and their generalizability to other 
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regions may vary. In closing, while water-smart crop farming holds 
promise as a nature-based solution for climate change adaptation in 
agriculture, its successful implementation demands a nuanced approach 
that considers regional disparities and seeks to balance water-saving 
imperatives with crop-centric strategies. The future of sustainable 
agriculture and food security depends on our ability to bridge these 
gaps, address limitations, and pursue rigorous research to drive 
meaningful change in global agricultural practices.
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