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Abstract

Water is one of the very important inputs necessary for the production of food crops. Food security and rural
livelihoods are essentially linked to the accessibility of water for crop use. Eighty percent (80%) of the world’s global
agricultural land area is under rain-fed; this contributes to 58% of the world’s staple foods. It is known that 97% of
the moisture needs of crops in Sub-Saharan Africa (SSA) are fulfilled mainly by water stored in the soil through
rainfall. Rainfall is the cheapest source of natural water supply for agriculture in SSA however, due to highly
unpredictable and sporadic seasonal rainfalls, water stored in the soil, in most cases, cannot meet the requirements
for crop growth and development resulting in lower crop yields with consequent food insecurity. It is important that
water in rain-fed agriculture is used efficiently and effectively through interventions that conserve soil water. Thus,
water productivity under rain-fed agriculture must be enormously improved particularly in dry climate by farming
practices that conserve soil water alongside water use efficiency in crops. Implementation of crop production
systems where less water is use, are the current necessity in achieving sustainable production of food. Therefore,
water management through agronomic practices is a critical constituent that needs to be adopted in the current
challenge of rainfall variability, climate change and expected increase demand for food. This paper highlights
potentials of some agronomic practices such as crop selection, mulching, fertilization, and soil tillage in improving
soil water use for sustainable crop production.
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Introduction
Majority (80%) of the world’s land area for agriculture is rain-fed,

accounting for 58% of the world’s staple foods (SIWI 2001). Dry
lands in Sub-Saharan Africa, which includes arid, semi-arid and sub-
humid areas account for nearly one-half (43%) of the regions land
area, three-quarters of the poor and 50% of population most of whom
depend on agriculture. The number of Africans dwelling in dry land
regions is anticipated to rise from 460 to almost 800 million by 2030.
The economies of most Sub-Saharan African (SSA) countries rely on
agriculture which is found to be five times more active in decreasing
poverty than non-agriculture growth in low-income countries but 11
times more so in SSA.

About 97% of crop production in SSA is under rain-fed hence; the
water needs of crop in SSA are achieved mainly by seasonal rainfall
water stored in the soil [1]. Water is highly important for crop
production and remains a critical input limiting global food
production. Although the concept of irrigation is not new, according to
Makin, about 5% of agricultural land (6 million hectares) is under
irrigation. The low irrigation patronage is a result of lack of informed
policies and investments that are region specific considering landscape
and economy (IFPRI 2010). According to Rockstrom, rain fed
agriculture in SSA will continue to play an important role in the
provision of food and livelihoods. The challenge is that, rainfall is
highly unpredictable and sporadic, this result to water deficit that
negatively impact on crop growth and development resulting in low
yield and productivity. Rainfall highly correlates with yield, especially
in rainfed agriculture as illustrated in Figure 1.

Figure 1: Dryland cereal production and rainfall in Burkina Faso,
1960-2000. Source: Ward. Note: mm=millimeters; MT=metric tons.

Water resource has an important role to play in food security
challenge and the improvement in water management is critical to
closing yield gaps and resulting to improved food security.
Sustainability of agriculture has been hindered by water stress in all
parts of the world; especially in SSA [2]. According to Borgomeo, a
decrease in seasonal rainfall generally translates into a decrease in
yield. Shortage of water resources and it’s limitation in crop
production is more compounded in SSA. According to Moyo, low use
of irrigation and over-dependence on rain-fed agriculture in Africa
accounts for the low agricultural productivity.

The risk of food insecurity as a result of climate change and
variability is increasing among many farming communities and
expected to hit harder. West Africa has already experienced a decrease
of 20%-40% in annual rainfall amount in the last decade and expected
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to worsen in future. A meta-analysis of 52 studies indicated yield
losses of 5%, 10% and 15% in maize, pearl millet and sorghum
respectively because of climate variability in Africa by 2050.

The desire to achieve food security and reduce poverty should be
intensely linked to water management because it can more than double
agricultural productivity in rain-fed areas with low yields. With
climate change and expected increase in demand for food, more
importance need to be channel on addressing management of water in
rain-fed agriculture as a key determinant for agricultural production
and productivity [3]. Increase crop water productivity in rain-fed
agriculture will ensure crops builds resilience for water related risk
and uncertainties in the future. The key to successful rain-fed
agriculture is to efficiently use stored rain water in the soil and
improve its productivity through improved agronomic practices.

A great deal can be done to reduce water losses and improve the
efficiency of rainwater use through agronomic practices. A number of
studies have shown that some agronomic practices can increase water
availability to plants. For instance, according to Mary and Majule
enhancing soil tillage practices, soil fertility upgrading and mixed
cropping is considered important adaptation techniques towards
drought.

The objective of this review was to highlight the potentials of some
agronomic practices which have positive influence on soil water
management for improved crop productivity.

Importance of Soil Water in Crop Production
The main source of water for crop production in SSA is rainfall.

This makes seasonal rainfall variability has a deep effect on soil water
availability especially for crop production. Every crop requires soil
water for germination, growth and development as well as meeting its
potential yield [4]. Also, the amount of water required by each crop
varies with both its excess and shortage directly affecting plant
growth, development and yield. The effect of long term soil moisture
stress includes cell enlargement and growth reduction, cellular and
metabolic activities reduction, photosynthetic inhibition, decrease in
chlorophyll, turgor loss and altered carbon partitioning. This
eventually leads to a decrease in yield. According to Azhar, a
reduction of chlorophyll content in the crop directly or indirectly
influences the photosynthetic capacity of plants. This reduction in
transpiration and photosynthesis is ascribed to plant reaction to water
shortage by stomata closure.

Sources of soil water
Water Footprint (WF) is the volume of freshwater required for

producing goods and services. It is the consumptive use of water, and
it is divided into green and blue water components. According to Rost,
green water accounts for 90% of all water consumed by agriculture in
a process-based crop simulation models. Green water is the rains
stored in soils for crop use. Fresh water in surface and groundwater
bodies available for irrigation is referred to as blue water [5,6]. The
sole source of water for global rain-fed agricultural system is green
water. Therefore, improvements in green water management will
improve water productivity of the global food systems especially in
semi-arid regions of the developing world, where water productivity

Figure 2: Percentage change in rain-fed crop yield under wet (top)
and dry (bottom) areas. Error bars represent 95% confidence intervals.
Source: Borgomeo.

Soil water management
Globally, the whole amounts of water kept within the soil are

enormous, but at any given locality, they are comparatively small and
quickly deplete through evapotranspiration. Drought, aridity, and
climate variability threatens food security in many countries around
the globe [7,8]. This has increased interest in various soil moisture
management techniques in recent decades which can be an instrument
to stabilize crop production under climate change. Countries in Africa
have a relatively low ability to effectively manage with the changes
that the climate brings and are thus has a great economic risk
comparatively. It is of importance that water for food production is
efficiently and effectively used as possible. Improving soil water
management must focus on (a) increasing the productivity of water in
crops, or (b) preserving crop production with reduced water use or
increased efficiency through good management.

Improved water productivity in crops: Water Productivity (WP)
is defined as the physical or economic output per unit of water
application (World Bank, 2003). The overall water consumption of a
crop is referred to as evapotranspiration which includes water loss as a
result of evaporation and crop transpiration. Water productivity in crop
or crop yield per unit of water consumed, is a key element in
successful water resource management. Water Productivity (WP)
improvement is one important approach for addressing the issue of
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future water scarcity [9]. Water productivity under rain-fed
agriculture, will have to extremely improve particularly in SSA to
ensure food security for the teeming human population. Increased
water deficits linked with overuse of surface water are threatening the
sustainability of agricultural production in the region. Agronomic
practices that improve water infiltration and storage capacity of the
soil will improve water availability for crop use. According to
Schmidt and Zemadim; Masunaga and Marques Fong, enhanced
management of the soil can increase infiltration, reduce surface runoff,
and additionally increase readiness of water and nutrients to plants.

Agronomic practices for improved soil water management
Recent studies have proved that cropping pattern have the potential

to enhance water use efficiency, water productivity, and water
footprint. According to Simpson, agronomic practices are
management processes such as intercropping, contour cultivation,
minimum tillage, mulching and manuring undertaken within the
cropping area. Improved agronomic practices such as soil fertilization,
soil cultivation, and crop selection can directly or indirectly improve
infiltration, minimixe surface runoff, and additionally increase
availability of water and nutrients to plants. The appropriate strategies
to manage soil water must involve sustainable agronomic practices
that enhance soil water while continuing to achieve improved yield
[11]. There are a number of agronomic practices but concentrating on
those that have the potential to improve water storage for crop use
during the dry spells as well as after cessation of the rain is of great
importance to dryland rain-fed agriculture especially in SSA. Some
will be more appropriate than others according to local farmer
preferences and local conditions. Therefore, wise area specific
adoption of agronomic practices, specifically for enhanced soil water
productivity such as crop selection, early planting, crop stand,
different cropping systems, mulching and reduced tillage are highly
important to cope-up with water shortage. Some of the agronomic
practices that have the potential to improve soil water are discussed as
follows:

Discussion and Conclusion
One of the suitable ways of addressing soil moisture deficit in rain-

fed agriculture is through soil tillage which is also considered a soil
water conservation practice. Improved water infiltration is critical for
increasing water storage in semiarid and arid areas and the rate of soil
infiltration is largely influenced by tillage systems. To effectively
increase soil water content, proper tillage systems with minimum
disturbance to the soil is essential. Conservation agriculture has been
reported to increase crop productivity and conserve water. Sub-
Saharan African countries have the potential to produce enough food
to more than meet their own needs. Unfortunately, 95 percent of their
potential cultivable land is rain-fed and most of which exists in
dryland zones with highly variable rainfall. Water is critical to rain-fed
agriculture and dry green water anomalies is more prevalent in dry
areas such as SSA compared to wet green water anomalies in other
continents. This is being compounded with climate change and its

adverse effect on food security. The importance of agronomic
practices such as crop selection, crop density, mulching, tillage
practices and soil amendment as highlighted in this review can
improve soil water use under rain-fed agriculture for increased and
sustainable crop production in Sub-Saharan Africa.

Acknowledgement
We thank Ethiopia Biodiversity Institute and Addis Ababa

University for financial support during this research work. Our thanks
also go to local communities and administration of Ezha District for
their willingness to give us information and support during the whole
data collection process.

Conflicts of Interest
There is no conflict of interest.

References
1. Mengitu M, Fitamo D (2015) Plant Species Diversity and Composition

of the Homegardens in Dilla Zuriya Woreda, Gedeo Zone, SNNPRS,
Ethiopia. Plant 3: 80-86.

2. Abebe T (2013) Determinants of crop diversity and composition in
Enset-coffee agroforestry homegardens of Southern Ethiopia. J Agric
Rural Dev Trop Subtrop 114: 29-38.

3. Linger E, Asfaw Z, Zewdie S (2014) Plant species diversity of
homegardens agroforestry in Jabithenan District, North-Western
Ethiopia. Int J Biodivers Conserv 6: 301-307.

4. Molebatsi LY, Siebert SJ, Cilliers SS, Lubbe CS, Davoren E (2010) The
Tswana tshimo: A homegardens system of useful plants with a particular
layout and function. Afr J Agric Res 5: 2952-2963.

5. Mekonen T, Giday M, Kelbessa E (2015) Ethnobotanical study of
homegardens plants in Sebeta-Awas District of the Oromia Region of
Ethiopia to assess use, species diversity and management practices. J
Ethnobiol Ethnomedicine 11: 64.

6. Regassa R (2016) Useful plant species diversity in homegardens and its
contribution to household food security in Hawassa city, Ethiopia. Afr J
Plant Sci 10: 211-233.

7. Daba D, Dale G (2020) Ethnobotanical study of multipurpose plants in
ENSET-based home gardens of Angecha District, Southern Ethiopia.
Biodivers Int J 4: 18-27.

8. Woldemichael G, Chimdessa M, Abebe A (2016) Species diversity and
use of homegardens in Misha woreda, Hadiya zone of SNNP, Ethiopia.
Int J Agricul 2: 118-129.

9. Woldeamanual W, Asfaw Z, Lemessa D (2018) The Effect of the
Surrounding Landscape and Socioeconomic characteristics on Woody
Species Diversity in Homegardens of Shewarobit District, Northeast
Ethiopia. Smal-scal Forest 17: 471-483.

10. Chawla A, Raj KS, Singh KN, Brij L, Singh RD (2008) Plant Species
Diversity along an Altitudinal Gradient of Bhabha Valley in Western
Himalaya. J Mt Sci 5: 157-177.

11. Lemessa D, Asmelash F, Teka Y, Alemu S, Didita M, et al. (2017)
Woody Species Composition in Relation to spatial and Environmental
Gradients in Acacia-Commiphora Vegetation Ecosystem of Ethiopia. Int
J Natu Res Ecol Manag 2: 53-59.

Citation: Lamptey S (2021) Potentials of Agronomic Practices in Soil Water Management for Sustainable Crop Production under Rain Fed
Agriculture of Dry Lands in Sub-Sahara Africa. ACST 9:483.

Page 3 of 3

ACST, an open access journal
ISSN: 2329-8863

Volume 9 • Issue 09 • 1000483

http://dx.doi.org/10.11648/j.plant.20150306.14
http://dx.doi.org/10.11648/j.plant.20150306.14
http://dx.doi.org/10.11648/j.plant.20150306.14
https://ethnobiomed.biomedcentral.com/articles/10.1186/s13002-015-0049-8
https://ethnobiomed.biomedcentral.com/articles/10.1186/s13002-015-0049-8
https://ethnobiomed.biomedcentral.com/articles/10.1186/s13002-015-0049-8
https://ethnobiomed.biomedcentral.com/articles/10.1186/s13002-015-0049-8
http://dx.doi.org/10.5897/AJPS2016.1439
http://dx.doi.org/10.5897/AJPS2016.1439
http://dx.doi.org/10.5897/AJPS2016.1439
https://medcraveonline.com/BIJ/BIJ-04-00160.pdf
https://medcraveonline.com/BIJ/BIJ-04-00160.pdf
https://medcraveonline.com/BIJ/BIJ-04-00160.pdf
http://dx.doi.org/10.1007/s11842-018-9398-1
http://dx.doi.org/10.1007/s11842-018-9398-1
http://dx.doi.org/10.1007/s11842-018-9398-1
http://dx.doi.org/10.1007/s11842-018-9398-1
file:///D:/jyotsna/Advances%20in%20Crop%20Science%20and%20Technology/new%20manuscripts/August%202021/ACST-21-37545/DOI%2010.1007/s11629-008-0079-y
file:///D:/jyotsna/Advances%20in%20Crop%20Science%20and%20Technology/new%20manuscripts/August%202021/ACST-21-37545/DOI%2010.1007/s11629-008-0079-y
file:///D:/jyotsna/Advances%20in%20Crop%20Science%20and%20Technology/new%20manuscripts/August%202021/ACST-21-37545/DOI%2010.1007/s11629-008-0079-y
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=207&doi=10.11648/j.ijnrem.20170203.12
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=207&doi=10.11648/j.ijnrem.20170203.12
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=207&doi=10.11648/j.ijnrem.20170203.12
http://www.sciencepublishinggroup.com/journal/paperinfo?journalid=207&doi=10.11648/j.ijnrem.20170203.12

	Contents
	Potentials of Agronomic Practices in Soil Water Management for Sustainable Crop Production under Rain Fed Agriculture of Dry Lands in Sub-Sahara Africa
	Abstract
	Introduction
	Importance of Soil Water in Crop Production
	Sources of soil water
	Soil water management
	Agronomic practices for improved soil water management

	Discussion and Conclusion
	Acknowledgement
	Conflicts of Interest
	References




