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Abstract 

There is the need to take seriously the task of conserving soil moisture in agricultural fields and free-water 
surfaces in reservoirs, especially in recent years of climate change. Many strategies exist for achieving this 
task and improving the productivity of arable soils. These strategies traditionally come under biological and 
physical or mechanical measures. Some other relatively new techniques operate neither on physical nor on 
biological principle. All these measures which operate on different principles frequently overlap. The princi-
ples involved, together with the prospects and constraints of the key techniques of conserving soil moisture 
found in the literature, are reviewed in this paper. Among other considerations, the effectiveness and/or prac-
ticability of any one of the techniques depend upon soil type, topography, climate, scale of production, level 
of technology, and socio-economic status. Such agronomic practices as conservation tillage and live vegeta-
tion mulch that maintain infiltration rates often appear to be more beneficial in the long run than engineering 
structures, especially those that lead to blocking of waterways on the soil surface. However, this review re-
veals that none of the soil moisture conservation strategies could be credited as universally applicable. Con-
sequently, an integrated approach to soil water management and conservation, where feasible, is considered 
more appropriate. This is because the different principles involved in the techniques identified to be com-
patible would readily complement and strengthen one another. Such a multi-mechanistic approach is ex-
pected to result in improved efficacy in conserving water resources in soils and open reservoirs. 
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Soil Moisture Conservation Strategies 

1. Introduction 
 
Soil moisture is, perhaps, the single most critical factor in 
crop production. Its status determines greatly the propor-
tion of the year during which the soil is cultivated with the 
purpose of starting a new crop life cycle. This constraint is 
encountered not only in arid and semi-arid regions but 
also in sub-humid and humid regions where, according to 
FAO [1], the rains are partitioned into “productive” and 
“unproductive” water flows. In these regions where there 
is a theoretical need to dispose of excess water, Aina [2] 
argued that dry periods with water deficit frequently occur 
and cases of positive responses to moisture conservation 
techniques are common. Aina [2] noted that in rainfed  

systems, the constraint is not only the erratic rainfall dis-
tribution, but also the amount of rainfall that could be 
retained in the active root zone. This stored water, which 
is affected less in drier regions and more in wetter regions 
by deep percolation, is needed to survive drought stress 
period. Deep percolation is in turn affected by soil texture, 
among other factors. It seems that the epicenter of this 
agronomic problem is low soil water storage, and there-
fore should be an issue of major concern. Even in wet 
regions where the crop water requirements might be suf-
ficiently met by rain input, the quantity of water stored in 
the root zone after cessation of the rains is always too 
small to permit all-year-round crop production.  

Highlighting the importance of water in agriculture, 
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Ahaneku [3] noted that crops can be grown without fer-
tilizers and even without soil, but they cannot survive 
without water. Besides the constraints to crop production, 
unfavourable soil moisture status hampers the capacity of 
soils to carry out their environmental regulatory functions. 
In recent years, major agricultural regions of the world 
experience declining water resources due mainly to cli-
mate change. In contrast, agricultural water consumption 
is steadily on the rise and may hit 3200 km3 per year by 
2025, representing about 26% of the value in 1995 [4]. 
Major avenues of soil moisture loss include evaporation 
and deep percolation. These avenues are mainly influ-
enced by conductivity of the soil, albedo of ground sur-
face, and soil texture. There is the need to appreciably 
minimize unproductive losses of moisture at the soil sur-
face (by encouraging infiltration and reducing runoff and 
evaporation) and in the crop root zone (by increasing the 
ratio between root water uptake and deep percolation) in 
favour of productive transpiration in order to attain an 
increased water productivity [1]. This could be achieved 
by a combination of adequate soil and crop management 
strategies for that encourage infiltration and maintain 
conductivity at favorable levels. Soil water management 
strategies should also incorporate techniques aimed at 
“harvesting” and reusing runoff for protective irrigation 
[1].  

Many agronomic practices or techniques exist which 
are used for conserving soil moisture and/or ensuring 
maximum infiltration of runoff and minimum evaporation 
from soil or free-water surface. These practices operate on 
different principles. As a result, their individual effec-
tiveness in this onerous task differs widely. Though each 
of these strategies is designed primarily for moisture 
conservation, a good number of them offer some other 
agronomic benefits. Others have some side effects either 
on the soil or on the crops growing on it, or are simply 
impracticable. All these concerns, and possibly more, 
ought to be put into consideration before selecting any 
strategy. In a critical analysis of the developments in 
harvesting and conservation of water resources across 
countries of the world, Coopey et al. [5] highlighted the 
importance of compatibility of a chosen technique with 
nature. The suitability of any practice in any location must 
therefore be ascertained before adoption. To do this with 
minimal error, the prospects and constraints of available 
strategies need to be explored. Although soil and water 
conservation techniques could have significant impacts on 
reducing production risk, no single technique is univer-
sally appropriate given the differences in agroecology and 
other factors [6]. There is therefore the need for informa-
tion on the various soil moisture conservation strategies, 
the principles upon which they operate, their relative 
effectiveness, as well as their potential benefits and 
drawbacks. This paper aims at providing such information, 

which is expected to guide stakeholders in making deci-
sions about the techniques suitable for their scenario.  
 
2. Principles of Soil Moisture Conservation 
 
Most management strategies aimed at conserving soil 
moisture work on the principle of either modifying the 
soil condition to enhance water retention and/or barri-
cading avenues of soil water depletion. For instance, the 
management practice of especially maintaining optimum 
levels of organic matter in the topsoil could have dual 
effects. Such a condition, by reducing the soil bulk density 
and promoting favourable aggregation, encourages infil-
tration of rainwater and runoff especially when im-
pounded in some depressions. On the other hand, organic 
matter imparts a darkish colouration to the soil, thereby 
minimizing evaporative flux. This is because energy 
supply to the site of evaporation could be controlled by 
modifying soil albedo through colour [7]. Soil colour 
affects reflectance which in turn affects the rate of eva-
porative moisture losses. Control of “unavoidable” deep 
percolation below the root zone and supra-optimal eva-
poration rate caused by high insolation and high wind 
intensity and speed is based on the “barrier” principle.  
 
3. Major Soil Moisture and Free-Water  

Surface Conservation Techniques 
 

Soil moisture conservation techniques are traditionally 
described under two convenient headings namely bio-
logical measures and physical or mechanical measures [8]. 
Today, some chemicals are even used in conserving soil 
moisture and for protecting water in reservoirs. For in-
stance, the maintenance of live vegetation as mulch is a 
sound agronomic practice for improving soil and water 
conservation [9], but this could hardly be classified as a 
biological or as a physical technique.  
 
3.1. Biological Techniques of Soil Moisture 

Conservation 
 

These techniques employ live vegetation especially 
growing crops in the task of conserving soil moisture. 
Management of soil and water in agriculture obviously 
includes cropping techniques [1]. The effectiveness of 
these techniques could be enhanced through intercropping. 
This is because intercropping often results in decreased 
soil erosion and increased conservation of soil moisture 
because ground cover is greater than with monocropping 
[10]. Ideally, the land area cover to be provided by inter-
cropping should be about 90% to ensure optimum effects. 
Such a sufficient crop density is required to shield the soil 
surface from the direct impact of insolation and to create a 
rough surface that would physically impede runoff to 
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enhance infiltration. Since reduction in wind speed less-
ens evaporation and transpiration [11], use of windbreaks 
in agricultural fields is another barrier-oriented strategy.  
In general, biological technique, by ensuring high infil-
tration into the soil, is one of the best means of minimiz-
ing runoff [2]. A number of crops have proved useful in 
biological measures of soil moisture conservation. 
Groundnut, for example, is an important cash crop with a 
high potential for soil and water conservation [9]. Other 
planted cover crops such as Mucuna pruriens utilis, Pu-
eraria phaseolides, Centrosema pubescens, Setaria spp., 
Stylosanthes spp., and Glycine spp. all provide in-situ 
mulch services [2]. Notably, all cover crops actually 
functions as live ‘mulch’. It is therefore not uncommon in 
the literature to see this biological technique referred to as 
biological mulch [12]. The function of live vegetation as 
mulch is a typical example of the overlap between bio-
logical and physical techniques. So also is the use of 
windbreaks especially in agroforestry to lessen the effect 
of wind speed on evaporation. Such cases of overlap 
could be regarded as biophysical techniques.  

Control of weeds and phreatophytes could also be re-
garded as a biological measure of soil moisture conser-
vation. According Schwab et al. [13], phreatophytes in-
clude plants that habitually obtain their water supply from 
the zone of saturation or from overlying capillary fringe, 
such as tamarisk, cottonwood, willow, and mesquite. The 
shallower the depth to the groundwater table, the higher 
the consumptive use of water by these weeds. Control of 
phreatophytes thus offers a great potential for water con-
servation [13]. This could be most effectively achieved 
through removal. On sloping lands, creation of rough 
surface to slow down runoff would be the first objective. 
One of the most effective biological considerations is the 
practice of contour strip cropping. It involves growing 
two or more crops on sloping land in alternating con-
toured strips, normally aligned perpendicular to the di-
rection of surface water flow [14]. 
 
3.2. Physical or Mechanical Measures of Soil 

Moisture Conservation 
 
These measures are a totality of all techniques that operate 
on the principle of modifying the physical condition of the 
soil and/or constituting a physical barrier/impedance to 
minimize any of runoff, evaporation, seepage, and deep 
percolation. Included in this category are both “simple” 
approaches that do not need any special designs and/or 
construction and “sophiscated” approaches that involve 
special designs with construction and earthworks or other 
engineering structures. A combination of these two ap-
proaches is also possible. The simple ones include mainly 
tillage, mulch, and manuring practices. In conserving soil 
moisture, tillage and manuring employ modification in 

soil physical condition whereas mulch employs formation 
of a physical barrier. Where necessary, any two of the 
three or the whole three practices could be combined to 
enhance effectiveness. On the other hand, sophiscated 
mechanical conservation works do little or nothing to 
prevent the evaporative impact of insolation. They are 
only designed to slow down partially or entirely the 
movement of runoff so that the infiltration rate is in-
creased. According to Sanders [8], they achieve this either 
by reducing the length of slope (e.g. contour banks) or by 
changing the degree of slope (e.g. bench terraces). Re-
duction in slope is important in soil moisture conservation 
because slope affects infiltration [13]. 
 
3.2.1. Tillage, Mulch, and Manuring Practices 
The presence of large clods in the field helps to improve 
the amount of infiltration since the soil presents relatively 
large surface area while the excess water is temporarily 
held in the spaces between the clods as it infiltrates into 
the soil [10]. The choice of an appropriate type of tillage 
that would leave large clods on the soil surface for opti-
mum infiltration of water depends on texture and ante-
cedent moisture content of the soil. Various types of till-
age are used in conservation of soil moisture and they 
include:  

1) Conservation tillage: Major goals of conservation 
tillage are improved maintenance of surface residue for 
erosion control and efficient water conservation in dif-
ferent agro-ecological regions [16]. According to this 
author, the Conservation Technology Information Cen-
tre (CTIC) in West Lafayette of Indiana in USA defines 
conservation tillage as any tillage or planting system in 
which at least 30% of the soil surface is covered by plant 
residue after planting to reduce erosion by water. Where 
soil erosion by wind is the primary concern, at least 1120 
kg ha-1 flat small grain residue should be maintained on 
the surface during the critical wind erosion period. This 
definition excludes conventional tillage operations that 
invert the soil and bury crop residues. Generally, mois-
ture conservation benefits of conservation tillage usually 
result from improvement of soil structure in such a way 
that favours preponderance of micropores over macro-
pores. 

2) Conventional tillage: This involves the manipulation 
of the soil to achieve a desirable tilth before planting, 
achieved either through mechanized operations or through 
manual operations. Shallow ploughing pulverizes the soil 
surface and causes the loosened layer to dry faster and 
completely, thereby helping to conserve moisture over a 
long period of time [7]. This phenomenon is common 
especially in sandy soils, which conduct water rapidly at 
high water content and slowly at low water content [16]. 
Effect of tillage type on soil moisture is dependent not 
only on soil but also on climate and crop grown.  
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Mulch is defined in a wider sense in this paper to in-
clude all forms of protective coverage placed on or be-
neath the soils, with the aim of minimizing losses of soil 
moisture to evaporation and deep percolation as well as 
improving the soil hydrophysical condition. Surface 
mulch improves soil water conservation primarily by 
reducing the volume of runoff (the extent of which gen-
erally relates to its quantity) and by decreasing losses due 
to soil evaporation [17]. Its positive role of conferring on 
the soil aggregates the ability to withstand raindrops im-
pact minimizes soil crusting and this encourages infiltra-
tion of the trapped runoff. Mulch could also improve the 
soil water-stable aggregates, total porosity and bulk den-
sity, thereby contributing positively to soil moisture re-
tention [18]. Many different watertight or water-retardant 
materials could be used as surface mulch. Examples in-
clude straw or stubble, wood bark, cotton burs, sawdust, 
gravels, loose soil materials, latex oil, paper asphalt, 
plastic films, metal foils, etc. Surface mulch with crop 
residues has the advantage of providing protective cover 
at a time when crop cover is not practical [15]. The Soil 
Conservation Society (SCS) and the CTIC encourage 
crop-residue management which involves leaving the 
previous crops’ residue on the soil surface in any till-
age-planting system [12]. Plastic and oil mulches can be 
used to collect runoff in depressions in arid areas, and this 
is a form of runoff farming. 

Though inconsistencies characterize results of tillage 
trials, conservation tillage seems more beneficial than 
conventional tillage in the long run on greater proportion 
of climatic regions and arable soils. Minimum tillage 
which provides standing mulch may be combined with 
mulch while maximizing the density of crops grown and 
the use of local materials as mulch. Manuring with or-
ganic residues or compost has also been shown to be very 
effective in conserving soil moisture [19,20]. In most 
cases, their positive effect on soil moisture storage is as a 
result of significant improvements in soil structure (po-
rosity) and bulk density. 
 
3.2.2. Mechanical Conservation Works or Structures 
Generally, these consist of various types of earth or stone 
works built on or close to the contour, which aim to either 
reduce the length of a slope or the angle of the slope itself. 
Sand- and rock-filled dams used to raise the head of 
flowing water for irrigation also come under this category. 
There are a large number of mechanical works, and the 
main factor in deciding which to select must be to define 
the objective [21]. From agronomic standpoint, the ones 
with the potentials of enhancing water infiltration into the  
soil by influencing runoff especially on sloping lands 
include: 

1) Terracing: This involves converting a steep slope 
into a series of steps with horizontal or nearly horizontal 

ledges and vertical walls of stone, brick, or timber be-
tween ledges. Terraces are made at right angles to the 
steepest slope and consist of an excavated channel on the 
uphill side, with the soil from this channel forming a bank 
on the downhill side [2]. Different types of terraces exist, 
depending on method of construction and the objective. 
Some are earth embankments constructed across a slope 
for conducting water from above at regulated flow to 
prevent accelerated erosion and to conserve water [14]. 
Most popular ones include bench, level, retention, graded 
channel, Nichols, broad-based and narrow-based terraces, 
as well as diversion terraces with mangum.  

2) Contouring: Contour cultivation and contour banks 
are two important contouring practices. Contour cultiva-
tion, as the name implies, consists of cultivating the land 
on or close to the contour, and at right angles to surface 
water flow. Each furrow acts as a detention storage or 
small dam, slowing down the movement of runoff over 
the soil, thus giving the water time to infiltrate into the soil 
[2,8]. When they are simple structures and are constructed 
on the contour, they are generally termed “stop-wash 
lines”. Contour banks, otherwise known as bunds, are 
small banks built along the contour to catch and retain all 
runoff water and allow it to slowly infiltrate into the soil. 
In paddy fields, they serve as means of ensuring even 
distribution of ponded water and, hence, as indicators of 
the extent of levelling achieved in the field. They are 
usually 20-50 cm high [8], 150-200 cm wide, and form 
buffer strips at 10-20 m intervals across the slope [2].  

Sometimes, banks are graded and waterways created 
with a spur at a disposal site. Graded banks with water-
ways, as they are called, involve constructions of water-
ways either along natural depressions or along some other 
suitable selected lines and grading them to a more or less 
regular shape. Grasses or trees are then planted on the 
waterway which is not cultivated again once the vegeta-
tion is established, but left as a permanent safe disposal 
area for excess water. A peculiar feature of this technique 
is the practice of contour cultivation later between banks 
constructed across the field with a very slight grade or fall 
towards the waterways. The whole arrangement is such 
that the contour cultivation and banks allow maximum 
absorption of water. Excess water resulting from heavy or 
high intensity rains would flow along the bank at 
non-erosive velocity until it reaches the end, from where 
if could then run slowly down the waterways and be 
safely disposed.  

3.3. Physicochemical Measures of Soil Moisture 
Conservation 

These measures are used in tackling the major problem of 
evaporation. They have also been found very useful in the 
reduction of deep percolation (in agricultural fields) and 
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in the control of seepage (in reservoirs, canals, ditches). 
These are two other main avenues of moisture losses that 
must not be neglected especially in the humid and the 
sub-humid regions. A solely chemical approach to soil 
moisture conservation is the use of soil conditioners. They 
are oil or rubber-based emulsions of polyfunctional po-
lymers that are capable of forming chemical bonds with 
soil clay minerals, leading to formation of aggregates [2]. 

3.3.1. Reduction of Evaporation from Water Surfaces 
Barriers that prevent vaporization could be used to cover 
the surface of water body (such as reservoirs and canals). 
These barriers could be physical solid objects or liquid 
chemicals. Commonly used solid objects include butyl 
rubber, plastics, blocks, rafts or beads, loose granular 
materials; all of which are membranes that can float on 
water. Liquid chemicals used physically in this technique 
are mainly monomolecular films made of fatty alcohols 
such as hexadecanol and waxes. Such films normally 
spread out to form a protective ceiling layer across the 
water surface. In all cases, the aim is to reduce surface 
area and/or protect the surface of free-water in contact 
with the atmosphere [22]. Recently, Segal and Burstein 
[23] proposed the use of parasol-type float, which can 
cover up to 80% of water surface at its maximum density.  

3.3.2. Control of Seepage 
The main cause of seepage in reservoirs is the flocculation 
of clays (into larger aggregates) by calcium ions, leaving 
cracks in between which result in leakages. Seepage could 
therefore be controlled by compacting the soil or by wa-
ter-proofing the walls or bottom of the reservoir. Poly-
thene or polypropylene films are also used to cover the 
walls of reservoirs that do not contain any works and are 
not more than 3 m deep. Deeper and rocky reservoirs 
require thicker and tougher films of vinyl or reinforced 
polypropylene materials. In both cases, the materials 
should be covered with soil or gravels to act as a protec-
tive material. Application of sodium salts such as Na2CO3 
could reverse clay flocculation, i.e., deflocculate the clays 
and cause them to swell and plug the cracks. Other means 
of tackling the problem include [22]: 1) placing concrete 
or plastic linings and fiberglass-reinforced asphalt in 
irrigation canals and ditches; 2) mixing some swelling 
clays such as bentonite with surface soils to swell and seal 
soil pores to reduce infiltration; and 3) applying chemicals 
that can swell the soil particles and make the soil hydro-
phobic, thereby reducing infiltration capacity. Apart from 
asphalt, another chemical that could be used to treat the 
soil is butyl alcohol or butyl rubber.  

3.3.3. Reduction of Deep Percolation Losses 
This is usually not a problem in semi-arid and arid regions 
of the world, but in the humid regions where irrigated crop 
production is practised. Such losses are more problematic 

in coarse-textured soils that normally have low water 
holding capacity. The commonest way of reducing such 
losses is by placing of drainage barriers horizontally at 
about 60 cm below the soil surface. Plastic sheets, com-
post manures, or asphalts could be used. Installation of 
these barriers is usually achieved by either removing the 
topsoil, hand placing the barrier and refilling the soil or by 
using machines built for this purpose in the case of asphalt. 
The asphalt hardens immediately into 2-3 mm waterproof 
barrier. Another way of reducing deep percolation is by 
using chemicals that absorb large amount of water when 
incorporated into the soil. A typical example of such 
chemicals is a copolymer of starch and acrylonitile 
(known as super slurper), which absorbs up to 1400 times 
its weight of water. 
 
3.4. Economic Approach to Conservation of 

Water 
 
The use of trickle or drip irrigation in supplying water to 
growing crops could be viewed as an economic approach 
in the use and management of water in crop production. In 
this system developed by the Israelis, water is delivered 
directly to the crop through a system of plastic tubes 
placed under the soil. Only small amount of water are 
remitted at a time. The rate at the time of water application 
is adjusted so that evaporation losses are minimized and 
no runoff or deep percolation losses occur. In the more 
advanced types of drip irrigation, the water supply could 
be adjusted to replace water used by the plants or evapo-
transpiration. 
 
4. Appraisal of the Major Techniques of  

Conserving Soil Moisture 
 

Although all techniques so far discussed are useful in one 
way or the other for conserving soil water, they have their 
drawbacks. Sanders [8] noted that these limitations usu-
ally increase with the slope. Among other considerations, 
all soil water conservation and management techniques 
appear to have socio-economic constraint as a common 
factor militating against their adoption by especially re-
source-poor smallholder farmers [24]. The specific pro- 
spects (pros) and constraints (cons) of the techniques are 
discussed below.  
 
4.1. Biological Measures 

Pros: They improve water use efficiency and are very 
effective in weed control. They are the most satisfactory 
methods of building up the organic matter content and the 
associated structure and infiltrating capacity of soils.  
Hence, their benefits include dramatic reduction in wind 
and water erosion. Their benefits also include improve-
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ments in the productivity of eroded soils [2,12]. When 
legumes are used, the nitrogen status of the soil is im-
proved for the cereal crop [21].  

Cons: The effectiveness of these measures depends on 
the proper choice of the protective species, as regards ease 
of establishment, vigour of growth, depth of rooting, 
rapidity of establishment of surface cover, etc. [2]. Unless 
relay planting is practised, harvest of the first crop would 
leave the soil bare. The land area cover should be about 
90% if the desired aim is to be achieved, but this is not 
easy to establish and maintain. Removal of phreatophytes 
usually goes with loss of wildlife habit [13]. 
 
4.2. Physical or Mechanical Measures 
 
4.2.1. Tillage, Mulch and Manuring Practices 
Agriculture and Rural Development [25] noted that there 
exist divergent views on the soil moisture conservation 
benefits of different tillage practices. These inconsisten-
cies may be due to complexity of the changes in soil 
physicochemical properties caused by tillage, and the 
dependency of tillage effects on soil, crop and environ-
mental conditions. The implication is that even when 
specific soil property changes on soil moisture are un-
derstood, the tillage required to achieve those changes 
may not be possible or known. In any case, evidence from 
the literature shows that both conservation and conven-
tional tillage practices have their pros and cons.  
 
1) Conservation Tillage  

Pros: A very important advantage of conservation til-
lage is that the principles are equally effective in any 
conditions [21]. It is also effective in the control of wind 
erosion in large-scale mechanized cereal production and 
so precludes the need for terraces or other permanent 
structures [21]. The reviews of the effects of tillage sys-
tems on soil properties by Aina [2], Opara-Nadi [15] and 
Babalola and Opara-Nadi [26] reveal that the beneficial 
effects of no-till in soil and water conservation are more 
pronounced in the humid and sub-humid regions than in 
the semi-arid and arid regions where soils characterized 
by weak structure, low porosity and low infiltration rates 
are commonly found. The no-till results in savings in 
machinery investment and in the time required for seed-
bed preparation [2,15]. Other benefits of the system 
identified by these authors include prevention of erosion, 
enhancement of organic matter content, reduction of 
evapotranspiration, suppression of weed growth, im-
provement of water and nutrient use efficiency, mainte-
nance of favourable soil temperature, and encouragement 
of biological activity. Additional benefits of no-till in-
clude improvement of soil physical characteristics, pre-
vention of soil salinity, and promotion of crop growth 
[12].  

Cons: It is less applicable to low-input level of crop 
production or subsistence agriculture in especially areas 
with low rainfall [21]. Other constraints to conservation 
tillage in semi-arid regions include the value of crop re-
sidues as livestock feed, difficulty of planting through 
surface mulches by ox-drawn planters, and the incom-
patibility of dense plant covers with the well-tested 
strategy of using low plant populations to suit low mois-
ture availability [21]. Furthermore, no-till has proven less 
effective on especially hydromorphic and compacted soils 
with poor internal drainage [2]. The heavy dependence on 
herbicides and pesticides could be cost-prohibitive [2] and 
might lead to serious water pollution [13]. 
 
2) Conventional Tillage 

Pros: Air permeability, soil water diffusivity and water 
distributions down the soil profile all could increase with 
intensity of tillage [27]. Ploughing operations such as 
ripping or subsoiling can be beneficial, either to increase 
soil porosity at least for a short time especially in compact 
soils, or to break a pan which is restricting surface deten-
tion and storage, infiltration and permeability, and root 
development [2,21]. By enhancing infiltration, ploughing 
can help to minimize runoff and consequently erosion. 
Puddling, ploughing the soil under water-saturated con-
dition especially in paddy fields, enhances water retention 
mainly by reducing deep percolation. It is, perhaps, the 
only known form of conventional tillage that always en-
hances soil water retention irrespective of location.   

Cons: One of the major limitations of conventional 
tillage is the lack of sustainability in soils of low aggre-
gate stability [2]. This author noted also that if the 
ploughing operation is not carried out at the appropriate 
soil moisture conditions, structural breakdown and 
smearing may occur and the system may not be effective. 
Intensive soil cultivation may increase the bulk density 
and unfavourably alter the pore size distribution [28]. 
Furthermore, the effects of conventional tillage on soil 
moisture could be crop-dependent. With puddling, there 
seems to be an intensity threshold beyond which there 
occurs a reduction in yield of the crops that succeed rice 
[29]. And this may be linked with the soil struc-
ture-destroying attribute of puddling. Other limitations to 
the widespread practice of conventional tillage include 
laboriousness (especially when hand-operated tools and 
implements such as hoes are used) and the inevitable 
disruption of the activity of some beneficial living com-
ponents of the soil.  

3) Mulch  
Pros: Mulch, by decreasing flow velocity, improves 

infiltration and hence controls erosion [2,21,30]. FAO [17] 
noted that both soil sorptivity and transmissivity increase 
with increasing mulch level and that crop-residue mulch 
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helps to maintain the quality of water running off the 
agricultural land. All forms of mulch regulate the soil 
temperature [17,30,31]. The gravel mulch reduces both 
wind and water erosion and, if light-coloured, cools the 
soil. Mulch provides other special effects such as avoiding 
formation of hardpan, promoting soil aggregate formation, 
reducing soils’ scours and wind erosion, increasing soil 
organic matter content, promoting soil microbial activities, 
and decomposing to release plant nutrients [12,17]. Sup-
pression of weeds by mulch prevents transpiration losses 
from those weeds. Increase in soil temperature associated 
with mulch in cold regions could hasten early plant ger-
mination, seedling growth and development. In the 
semi-arid tropics, mulch is also known to trap nutri-
ent-rich, wind-borne dust and improve root growth [30]. 
Use of soil as mulch material (soil mulch) is characterized 
by low input and ease of operation [12]. All forms of 
mulch improve the quality of some fruits (e.g. tomato, 
eggplants, and pepper) by preventing contact with soil. 
Additional benefits of mulch include stabilization of loose 
soils, stoppage of desert encroachment, and reduction of 
build-up of soil salinity.   

Cons: FAO [21] outlined the following possible limi-
tations of mulch: 1) mismatch between the amount of crop 
residue required and the amount available from low-level 
production; 2) problems of pest, disease, or nitrogen 
lock-up; 3) lack of implements which can plant or drill 
through the mulch; and 4) liability of organic mulch to 
rapid oxidation by high temperatures. FAO [17] noted that 
transporting mulch for large-scale cropping could be 
economically prohibitive. Others limitations of mulch 
include [16]: 1) use of organic mulch as livestock feed and 
as building materials during the long dry season; 2) high 
cost and general unavailability of contoured plastic mulch 
in most of West Africa; 3) ineffectuality at the end of the 
growing season since conserved water rapidly drains 
through the soil profile during the dry season; 4) tendency 
to be potentially more beneficial in the semi-arid and arid 
regions than in the humid and sub-humid regions.  
 
4.2.2. Mechanical Conservation 
1) Terracing  

Pros: Terracing is a very effective way of controlling 
runoff and water erosion. Bench terracing, the best type, is 
particularly useful in this regard on slopes of between 12 
and 35% but sometimes on steeper slopes say 40% [2, 8]. 
Bench terracing permits the cultivation of lands that are 
too steep for crop production, which otherwise would not 
be possible [8]. The level bench terrace is ideal for areas 
with low rainfall and for practicing irrigation in areas with 
rough terrain [10, 21]. Similarly, graded channel terraces 
are suitable under situations of heavy rain on shallow soils 
with limited storage capacity [21]. 

Cons: Terraces, especially the bench type, are prohibi-
tively expensive to construct because of the large volume 
of soil which has to be moved, relative to returns from 
subsistence farming [2,8,10]. Careful maintenance is 
subsequently required, and this is also expensive [2,8], 
and may even be impossible because of labour shortages 
[3,21]. Moreover, only few terraces are likely to have 
widespread application in semi-arid areas [21]. A par-
ticular type (channel terrace) actually leads water away 
from the farm and so is not suitable for dry areas, just as 
level bench terraces are not suitable on heavy soils due to 
very low infiltration rates [8]. Consideration of soil fac-
tors (such as infiltration rate, permeability, erodibility, 
and depth), slope, bund height, and proposed land use 
during the designing stage prior to construction of terraces 
contributes to reluctance in adoption of the practice. 
 
2) Contouring  

Pros: Contour cultivation is the simplest form of me-
chanical conservation work. Traditional systems concen-
trate relatively nutrient-rich surface soil around the roots 
of cultivated plants [17]. It is a cheap way of water erosion 
control that is immediately effective when the land is 
newly cultivated [8], and could reduce soil loss to ap-
proximately half of the potential rate with cultivation up 
and down the slope [21]. Contour bunds also permit cul-
tivation to be carried out on the contour. They have the 
dual purpose of conserving both soil and water by re-
ducing runoff and erosion [2,8,21]. Where earthen bunds 
are used, initial construction cost are usually minimal. 
Contour bunds are useful for rangeland rehabilitation, 
especially where trees are to be incorporated, since they 
could be planted on a hole on the lowest end of the im-
pounded area [10]. 

Cons: Furrows in contour cultivation often break down 
quickly and sometimes are not effective for a very long 
period [8]. Its effectiveness in soil and water conservation 
depends not only on the design of the system, but also on 
soil, climate, slope aspect and land use [2]. Thus, this 
author noted that it is comparatively less effective on 
compact or slowly permeable soils which become satu-
rated quickly. Contour bunds could only be used effec-
tively where infiltration rate of the soil is high and the 
rainfall intensities low, because if one bank overtops and 
breaks, the whole system could fall [8]. They are suitable 
only for gentle slopes, otherwise there would be too great 
a difference between the depth of water at the lower end 
and at the upper end, unless the bunding intervals are very 
small [10]. Although this kind of problem could be 
avoided with proper soil levelling as is being done under 
the sawah system of rice production in the inland valleys 
in some parts of West Africa, the task could be quite 
labourious. In the case of earthen bunds, reconstruction at 
the start of every growing season adds to the production 
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cost. Bunds also occupy spaces that otherwise would have 
crops grown on them. 
 
4.3. Physicochemical Measures 
 
4.3.1. Reduction of Evaporation from Water Surfaces 
Pros: They require little construction, hence cost is 
minimized. In the semi-arid and arid regions, application 
of fatty alcohol emulsions on the surface of dam reser-
voirs could reduce evaporation by up to 48% [32]. Since it 
involves reduction in evaporation of water stored in ear-
then dams, salt concentration that usually accompanies 
evaporation is reduced. By cutting off light from the water 
surface, floating evaporation control devices reduce the 
growth of algae and submerged aquatic weeds. 

Cons: Sand storage tanks are difficult to construct and 
require a lot of patience, hence the perceived sluggishness 
in wide acceptance of the technology for building them. 
Protection of free-water surfaces to reduce evaporation is 
uneconomical except in special situations [22]. Such 
devices are very difficult to apply over large surfaces 
because of the adverse effects of wind action, heavy 
rainstorms, and floods. When monomolecular films and 
fatty alcohol emulsions are used, they hardly survive 
biological deterioration, and so must be applied regularly 
to compensate for this attack [22,32]. Use of liquid 
chemicals normally leads to pollution of the environment. 
Although this is not a problem with the parasol-type float, 
its installation is characterized by labour intensiveness 
and practical difficulties [23].  

As for soil conditioners, their application has been 
found to improve the infiltration rate and the size and 
stability of pore spaces [2,22], hence they can reduce 
runoff and increase the water holding capacity of soils. 
Aina [2] reported that the effective temporary erosion 
control achieved when soil conditioners cover the whole 
soil surface could be comparable with the 70% coverage 
required for erosion control using mulch and plant covers. 
As the period of effectiveness of commercially available 
soil conditioners decreases, cost of application increases. 
Some bitumen treatments, for example, are only effective 
in runoff control only for a few storms. Moreover, whe-
reas high infiltration rates may be achieved with 
poly-acrylamide conditioners regardless of the size or 
distribution of aggregates, most emulsions such as asphalt 
and latex emulsions demand that the aggregates must be at 
least 1 mm in size and ideally greater than 5 mm before 
they could be effective. 

4.3.2. Control of Seepage 
Pros: Control of seepage through the walls of reservoirs  
strengthens those walls against collapse, especially by 
plugging cracks and preventing preferential wetting of the 
surfaces in the dry season. Water taken from reservoirs 

seeded with bentonite or any other swelling clay (for the 
purpose of sealing the pores) would definitely add to the 
fertility of the soil to which it is applied, due to content of 
some dissolved nutrients from the clay.  

Cons: When compaction of the soil is to be used, 
achieving the effective extent of compaction is an arduous 
task. Even when reasonable compaction of the soil is 
achieved, it has to be uniform otherwise its effectiveness 
would remain questionable. Use of sodium salts to de-
flocculate clay for plugging cracks in the walls of reser-
voirs is practicable only in soils that are at least 30 cm 
deep, with a minimum of 15% clay content and a capacity 
to exchange calcium for sodium. All the methods of con-
trolling seepage are costly to install and maintain. 
 
4.3.3. Reduction of Deep Percolation Losses 
Pros: It is suitable for coarse-textured soils with low 
water holding capacity. The drainage barriers prevent 
nutrients from being lost through deep percolation. Con-
tamination of groundwater by agrochemicals dissolved in 
soil water is avoided. 

Cons: Installation of drainage barriers by the method of 
topsoil removal is very tedious. The method is also not 
suitable on lands where no-till practice is proposed. The 
fact that the super slurper (used for moisture absorption) 
may be biodegradable is frustrating. Above all, the use of 
all forms of drainage barriers is discouraged by cost. 
 
4.4. Economic Approach: The Use of Trickle  

Irrigation  
 

Pros: This is very economical in areas where water is 
scarce or expensive. It is suitable in areas where wind 
velocity is too high for sprinkler irrigation or where water 
quality is poor with high erosion and surface contamina-
tion risk. The technique does not require land leveling or 
specially trained labour. It is suitable on soils that are 
either too porous or too impervious for flood or furrow 
irrigation. It is a very efficient means of fertigation. 

Cons: There could sometimes be clogging of air meters 
by precipitates of limestone- or ion-containing water, fine 
sand, silt, suspended clay, and algae. Growing of more 
than one crop with differential rooting depths is not usu-
ally possible. It impedes cultivation and free movement of 
machineries, especially when placed at shallow depths. 

5. Conclusions 

The paper reveals that a wide range of techniques have 
the potential to conserve soil moisture and free-water 
surface. These have been broadly grouped into biological, 
physical, chemical and economic soil moisture conser-
vation techniques. Although the basic principles in all the 
practices are potentially of universal applicability, con-
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servation practices developed in one region may need 
field testing and verification before adoption elsewhere. 
Moreover, all the techniques have their limitations and 
drawbacks, just as the effectiveness of each depends on a 
number of factors. The choice of appropriate techniques 
depends on soil, topography, climate, scale of production, 
and technological and socio-economic status. Prospec-
tive techniques should be evaluated in the light of their 
potential benefits vis-à-vis the adoption drawbacks, 
while considering socio-cultural acceptability and envi-
ronmental safety. In most but not all scenarios, carefully 
selected agronomic practices could serve as a sustainable 
substitute to the almost abandoned practice of long fal-
lows which are very effective in soil and water man-
agement, and may be more useful than engineering 
structures. However, since there are no universally ef-
fective practices, combination of more than one tech-
nique is considered to be a promising approach to pro-
ducing efficacious results in any location. Future research 
in such an integrated approach to soil water management 
is expected to focus on the compatibility of selected 
possible techniques on watershed basis. 
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