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ABSTRACT: Arid and semi-arid regions are characterized by water scarcity, hot dry weather and large 
area of poor soils. Cover crops could be considered the backbone of any annual cropping system that 
seeks to be sustainable. In this publication we summarize the principal uses and benefits of cover crops. 
Brief descriptions and examples are provided for winter cover crops, living mulches, catch crops, and 
some forage crops. To impart a sense of the importance of these practices in sustainable farming, we 
summarize the effect of cover crops on: organic matter and soil structure, nitrogen production, soil 
microbial activity, nutrient enhancement, weed suppression, and soil and water conservation. The very 
nature of cover crop benefits, as well as the fact that they have both short-term and long-term effects, 
means that it is often difficult to assign a monetary value to them. Ultimately, the insertion of cover crops 
into a crop rotation should increase the overall sustainability of the farm. 
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INTRODUCTION 
 

 Arid and semi-arid regions are characterized by water scarcity, hot dry weather and large area of poor soils. 
Nowadays expanding cultivated area to fight against hunger is highly demand. Cultivating poor soils require large 
amount of water and chemical fertilizer which is scarce in arid and semi-arid regions. Therefore, water saving and 
conservation is essential to support agricultural activities, which account about 85% of the total water consumed. 
On the other hand, poor soils suffer from nutrients deficiency so that intensifying mineral fertilization with irrigation 
water supply endangers the environment. The great challenge facing researchers is to cultivate poor soils with the 
least amount of irrigation water and mineral fertilizers. Using cover crops with or without biofertilizers is a good 
option to increase water and productivity with the least use of mineral fertilizers and environmental hazard. Cover 
crop information abounds. In the past ten years, the number of research reports, Extension bulletins, Experiment 
Station reports, and popular press articles on cover crops has increased dramatically. For example, the third 
quarter 1998 issue of The Journal of Soil and Water Conservation contains 17 research reports on cover crops. 
Several excellent field handbooks have also been written. Consequently, rather than attempting to address that 
large body of information, this publication serves as an overview of cover crops and their uses and provides a 
resource list. The resource list gives ordering instructions and prices for readers who want current information in 
more detail. Efficient and economic utilization of natural resources is crucial in farming systems (Bade and 
Kruseman, 1998; Granstedt, 2000). In addition to conventional farming systems, increasingly more attention is 
being paid to organic farming, which secures an ecologically cleaner and healthier environment. Cultivation of 
cover crops is the main possibility for soil enrichment with nutrients, especially with nitrogen. Nitrogen binding by 
leguminous crops reaches its peak in the period of blooming, and starts decreasing in the period of seed formation 
(Leinonen, 2000). The productivity of cereals depends on soil properties, meteorological factors, fertilization, and 
especially humus content in soil. Ploughed-in green material enriches soil with organic matter, which as a result of 
microbiological processes releases nutrients for plants. 
     The largest amount of organic matter is left in the soil with the residues of perennial grasses, less with annual 
grasses, winter cereals, maize, spring cereals, grain legumes and others (Maiksteniene & Arlauskiene, 2004). 
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According to (Viil and Võsa, 2005), the amount of nitrogen left in soil in the sowing year of white sweet clover and 
red clover is 247 kg/ha and 160 kg/ha respectively. The residues and ploughed-in green material of perennial 
grasses, as proceeding crops, have a positive effect on the formation of productivity elements of cereal crops not 
only in the first year but also in the second year, which determines the productivity of the cereal link (Skuodien and 
Nekrošien, 2007). The results suggest that red clover is the optimum species for use as cover crop (Stopes et al., 
1996). The nitrogen released from some plants can be used by succeeding crops (wheat in the experiment) 
throughout their growing period. Therefore, the nitrogen taken up in the later growing period increases the protein 
content of grains. Significant amounts of nitrogen are applied into soil with crops, but nitrogen is released gradually 
with long-term decomposition of organic matter, thus decreasing the risk of leaching nutrients. 
 
2. Benefits of Using Cover Crops 
       Increasing the amount of organic matter in the soil recycles nutrients, improve water dynamics, and improves 
soil physical conditions. However, it takes several years of organic matter cultivation before measureable changes 
can be observed. 
 
2.1. Soil organic matter increasing 
      Cover crops increase the available food (organic matter) supply for microorganisms resulting in increased 
biological activity. Farmers have relied on green manure crops to add organic matter to their soil. Once 
incorporated, cover crops break down into various types of organic matter. Cover crops can greatly increase 
carbon inputs into the soil. Reduced tillage plus carbon (C) inputs from residues increase soil organic carbon. Both 
C and N are needed to form soil organic matter. Cover crops may contribute N as scavengers (grasses) or may fix 
additional N (legumes). Grasses contributes more carbon than legumes due to a higher C: N ration. At C: N ratios 
less than 20, N are released. The average C: N ratio in the soil is around 10–12:1 indicating that N is available. The 
soil microbial biomass and enzymatic activity increases with cover crop usage (Hoorman, 2009). Young, fresh crop 
materials (including legumes) contain readily available compounds which serve as food for soil micro-organisms. 
Soil biological activity will also make certain nutrients more readily available for crop uptake. 
      The properties of the cover crop residues are therefore very important as they have a direct influence on the 
outcome of organic matter decomposition (humification and mineralization) and other plant nutrition dynamics. 
Cover crops can greatly increase carbon inputs into the soil. Reduced tillage plus carbon (C) inputs from residues 
increase soil organic carbon. Both C and N are needed to form soil organic matter. Sequestration of carbon in soil 
has attracted attention recently because of its potential to mitigate global warming (Lal et al., 1999). However, soil 
carbon (C) is also valuable because of its beneficial effects on crop productivity and soil quality. Soil C is the most 
important soil quality indicator because of its role in other biological, chemical, and physical processes. Long-term 
experiments have shown the benefits of cover crops, adequate fertilization, and crop rotations on soil C. However, 
but manure and crop rotations, conventional cropping systems generally result in a steady decline of soil C. The 
rate and magnitude will be affected by cropping sequence, tillage system, soils, type of cover crop, climate, and 
temperature (Reeves, 1997). Soil organic matter is about 58% carbon. Soil organic matter conversions can be 
made by taking soil C values in this technical note and dividing by 0.58 or multiplying by 1.72. This technical note 
will examine: 
 1) Carbon dynamics in long-term cropping experiments, 
 2) And the combined effect of cover crops and high biomass crop rotations on soil C. Together, these studies 
demonstrates the importance of reducing tillage and increasing biomass inputs. 
 
2.2. Improve physical conditions of soil  
   Cover crops can greatly increase carbon inputs into the soil (Reeves, 1997; Kuo et al, 1997). This can result in 
carbon sequestration and increased soil quality (Derpsch et al., 1986; Lal, 1997; Lal et al., 1998; Reicosky and 
Forcella, 1998; Delgado et al., 1999). Reduced tillage plus carbon (C) inputs from residues increase soil organic 
carbon. Both C and N are needed to form soil organic matter. Grass cover crops may contribute N as scavengers 
or legumes may fix additional N. Soils with a high organic matter content and intense biological activity generally 
have excellent soil structure. In fact, soil organic matter and biological activity promote good soil aggregation, 
improved soil stability and improved soil porosity. These, in turn, lead to improved water retention and erosion 
protection. In addition, field equipment will not compact soils that are well structured quite as easily as they would 
soils that are not (Wallace and Scott, 2008). Soil macro-organisms (such as earthworms) and micro-organisms play 
an important role in improving the soil’s physical characteristics by digging tunnels, decomposing or digesting 
organic matter and secreting “glue-like” compounds that improve soil aggregation. In addition, increased soil 
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structure and stability may improve the soil’s capacity to carry machines and improve field accessibility and 
decrease soil compaction (Hoorman, 2009). 
      The cover crop will add organic biomass both above and below ground and the growing roots will help rebuild 
soil structure. The fibrous roots of crops (e.g. grasses) help build soil stability near the surface. The deeper tap 
roots of broadleafs, (especially brassicas), penetrate and open up tight soils, improving infiltration. The finer roots 
of crops (e.g. legumes) feed the soil microbes while the tap roots grow downward. Any root growing in the soil 
helps dewater excess soil moisture, provides some structural stability to the soil, and helps the mycorrhiza fungi 
recover. When using winter annual cover crops. Cover crop cocktails, a mixture of several species and plant types, 
provide different rooting patterns and varying plant architecture to add diversity to the system. The diversity is 
valuable for restoring microbial and physical soil function. Mixtures also provide good soil cover across a variety of 
conditions as the different cover crop types respond differently to varying soil and weather conditions (Kladivko, 
2011). 
 
2.3. Nutrition use efficiency 
      Cover crops can increase the nutrient use efficiency of farming systems (Lal et al., 1991; Lal, 1997; Reicosky 
and Forcella, 1998; Staver and Brinsfield, 1998; Delgado, 1998). The advantages of cover crops for increased crop 
productivity have also been reported elsewhere (Kelssa, 1988; Tadesse, 1989; Yeshanew and Asgelil, 1999). 
Vigorous growth of the cover crop is fundamental to suppress weeds and cover the soil surface (Dehaan et al., 
1994; Enache and Ilnicki, 1990; Teasdale, 1996) but is also considered to be the cause of the improve soil fertility 
(Box et al., 1980; Feil et al., 1997). Competition between the cover crop and the main crop has been investigated 
by varying the supply of resources, such as water and nitrogen (Box et al., 1980; Eberlein et al., 1992; Feil et al., 
1997). Similarly, in natural and intercropping systems, several studies have shown an intense competition for 
nutrients (Bedoussac and Justes, 2010; Caldwell et al., 1987; Fan et al., 2006; Ghosh et al., 2009) and water 
(Morris and Garrity, 1993) between plant species. Cover crops have the ability to extract nutrients from the deep 
soil horizons and bring them to the surface, near the root zones of subsequent cash crops (Wallace & Scott, 2008). 
Hoorman (2009) show that, cover crops can increase nutrient efficiency through reduced soil erosion (less soil 
organic matter and soil nutrients losses in the topsoil). Cover crops are scavengers of residual nitrogen (N), 
converting N to proteins (enzymes, hormones, amino acids).  As fertilizer prices continue to increase and 
producers aim to reduce nitrogen (N) loss to the environment, producers are asking about the N fertilizer 
replacement by cover crops. Some of them can serve as “sinks” for scavenging and storing residual nitrogen from 
fertilizer applied to previous crops. Residual soil nitrate is particularly vulnerable to loss during the winter, when it 
can be moved by leaching through the soil profile, and therefore, lower inputs are required because of the expected 
early and because it is not necessary to provide adequate nutrition for grain-fill. Nitrogen (residual in soil and/or 
fertilizer nitrogen), however, is necessary for establishment and vigorous vegetative development (Mitchell et al., 
2000). 
 
2.4. Weed, pest & disease control 
       Pesticide usage can either increase or decrease with cover crops. If cover crops are difficult to control, 
pesticide use may increase. In South America, 95% of some areas use cover crops with no-till to promote weed 
suppression through dense plantings and competition with weeds for sunlight, water, and nutrients (Hoorman, 
2009). 
      Weed suppression by cover crops has been a key element in the successful adoption of no-till systems in 
South America (Derpsch, 1998), which has reached 95 % in some regions. Weed suppression by cover crops can 
be due to resource competition, niche disruption, and phytotoxic effects and is affected by cover crops pieces, 
planting date, seeding rate, kill method, and kill timing relative to subsequent crop planting (Creamer et al, 1996; 
Liebman and Davis, 2000). To reduce herbicide requirements, cover crops must be competitive with native 
vegetation yet be easier to control as main crop planting time approaches. 
       Cover crop management can affect the buildup of the pests that will later attack crops. Early desiccation of 
cover crops by mowing other besides spraying allows the cover crop to act as a trap crop in which portions the F1 
generation are destroyed before they can mature (Snodgrass and Stadelbacher, 1994). (Laub and Luna ,1991) 
found that mowing cover crops was more effective than herbicide spraying for the control of armyworm 
(Pseudaletia unipuncta (Haworth)) when corn was no-till planted into a killed rye cover crop. If cover crops regrow 
and reform flowers, a second mowing may be needed to control tarnished plant bugs (Snodgrass and 
Stadelbacher, 1994). 
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      In long term studies, cover crops have reduced populations of some soil borne plant pathogens (Rothrock and 
Kendig, 1991; Liebman and Davis, 2000).Residues caused less disease when left on top of the soil than when 
mixed in to the soil, but growth inhibition was caused by a combination of surface and subsurface effects (Dabney 
et al., 1996). Waiting until the soil is warm plus delaying planting until 14 to 21 days after killing legume cover crops 
are the surest ways of avoiding disease problems associated with the damping-off pathogen Pythium (Grunwald et 
al., 2000). Row cleaners that remove surface residues can improve stand establishment of crops planted 5 to 14 
days after killing cover crops (Dabney et al., 1996).  
      Cover crops may also attract beneficial organisms that prey upon or parasitize pest species. Some cultivars of 
brassica crops (mustards) and pearl millet have been reported to suppress harmful nematode populations. In a 
row-crop situation, living mulches and inter-planting practices can also reduce insect pressures by making the cash 
crop more difficult to find. A diversified environment tends to reduce the risk of specific pest out-breaks (Wallace 
and Scott, 2008). 
     Different cover crops provide different benefits, and no individual cover crop will provide all benefits. Producers 
need to decide what their primary objective (s) is when selecting the appropriate cover crop(s) for their fields. Cover 
crops are planted for their benefit to soil or environmental quality and not for harvest. Some cover crops may also 
be suitable for grazing or haying, but then they are a forage crop (Kladivko, 2011). 
 
3. Selecting a Cover Crop 
      Since cover crops have different functions, it is important to determine what the crop is expected to do. Is the 
intent to add organic matter to the soil? To add nitrogen to the cropping system? To stimulate soil biological 
activity? To protect the soil during the winter months? It is much easier to select cover crops when the crop rotation 
or cash crops have already been determined. There are simply fewer choices available. A long crop rotation may 
allow room for full season cover crops which build soil organic matter, whereas a short or “tight” rotation may limit 
the choice to short season crops, fall cover crops or inter-planted crops. Some cover crops will require specific 
seeding, mowing or tillage equipment. Before deciding upon a cover crop it is important to make sure that the 
appropriate equipment is available. Seed availability and cost are factors that must also be accounted for. It may be 
more feasible to use expensive cover crops when it is possible to establish them for a long period of time. It may 
not be possible to justify higher cover crop seed costs, however, when a limited growing period is available. Before 
establishing a large area of a new cover crop, producers should first experiment with the crop to become familiar 
with how it performs on a smaller scale (Wallace and Scott, 2008). There may be advantages to planting mixtures 
of cover crops: 

1. Cropping/tillage system: what are the available time windows for cover crops in each system; what are the 
crop types and how compatible are different cover crop types during each window. 

2. Climate: this affects the length of growing season available for the cover crop. 
3. Soil types/natural drainage class/tile drainage: some cover crops tolerate wet or droughty conditions while 

others do not. 
4. Simple species vs. mixture: simple species are often easier to manage, but a mix of species can provide 

multiple benefits and improve soil biological activity more quickly. 
     A literature search reveals relatively few reports of soil productivity studies, including cover crops. We can 
conclude that the use of cover crops in recovery and maintenance of soil productivity is a relatively new concept or 
at least not universally recognized. This result, however, depends on the inclusiveness of the term cover crops. 
According to (Hughes et al., 2013), cover crops are crops seeded on land needing to be protected from wind and 
water erosion and from nutrient losses by leaching and may often serve at the same time as green manure crops. 
     Pulses such as cowpea, guar (Cyamopsis tetragonoloba), pigeon pea and groundnut were found to increase 
yield of subsequent cereal crops in semi-arid regions by an equivalent effect of 30 - 40 kg N ha

-1
 (Lal et al., 1978; 

Kumar et al., 1983). The authors noted that the N contribution of legumes to other crops in the system depends on 
the species, biological N2 fixation and the growth of legumes as determined by climate and soil, and management 
of residues. Grain legumes contribute less N than herbaceous legumes to subsequent crops in rotation (Giller et 
al., 1997), because most of the N fixed biologically by grain legumes is translocated to grain and both the grain and 
the residues are invariably removed from field for human and livestock use. Although the accumulation of N in 
leguminous crops can exceed 500 kg N ha

-1
 under tropical conditions, the actual contribution of N to subsequent 

crops is more modest, 20-100 kg N ha
-1

 (Peoples and Craswell, 1992). Legume cover crops can also suppress 
weeds more quickly than natural fallow. (Chikoye and Ekeleme ,2001 and Chikoye et al., 2001; 2002) reported that 
Mucuna [Mucuna cochinsinensis (Lour.) A. Chev.] reduced Imperata cylindrica (L) Beauv. dry matter by over 80% 
within 1 - 3 years in the moist savannah of West Africa. Mucuna has also been successfully used to control 
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Imperata cylindrica in Benin (Bunch, 1995). The degree of reduction in weed density by cover crops depends 
largely on species, management systems, and climatic conditions (Bárberi and Mazzoncini, 2001; Ekeleme et al., 
2003). Other soil related benefits attributed to legumes include breaks to crop pests and diseases during rotation, 
reducing erosion as cover crops, and improving soil physical properties (Peoples and Craswell, 1992). Despite the 
use of green manure legume cover crops to improve soil fertility and control weeds being a well known practice in 
the semi arid regions. 
 

CONCLUSION 

 

      Cover crops help to improve the fertility of soil in organic and conventional plant production where animal 
manure is not used or is used in limited quantities. These crops provide a significant increase in the N supply for 
the succeeding crop without any yield loss of the main crop compared to the unfertilized variant (N0). As example 
spring wheat gave the lowest yield on unfertilized soil, but the treatment with hybrid Lucerne as the preceding crop 
gave the biggest extra yield. Bird’s foot trefoil as a preceding crop contributed to the growth of yield, but compared 
to other cover crops, its effect remained less significant in terms of yield and quality indicators. Red clover and 
Lucerne had the most significant effect as preceding crops, improving the protein content, wet gluten percentage, 
and gluten index of grains. Grain yield was improved by increasing the mineral nitrogen norm, but there was no 
significant improvement in quality indicators. The aim of the present study was to investigate the influence of cover 
crops in enhance ecological services such as: organic matter, weed control, soil fertility, and etc. Therefore cover 
crops are typically defined as crops used to protect agricultural soils and improve soil productivity. They are 
generally non-cash crops and rarely harvested. A cover crop may be used: 
1) As a green manure “plow-down” crop incorporated into the soil to increase soil organic matter, stimulate soil 
biological activity or improve soil physical characteristics; 
2) To protect the soil from wind and water erosion; 
3) To recycles valuable nutrients that are present but not readily available to cash crops; 
4) To catch or conserve nutrients that may be lost through leaching; 
5) To interrupt pest and disease cycles and/or suppress weeds; and 
6) As supplemental feed for livestock or to provide an additional food source for pollinators (honey bees and 
leafcutter bees) and other beneficial insects (Sarrantonia, 1994). 
     The very nature of cover crop benefits, as well as the fact that they have both short-term and long-term effects, 
means that it is often difficult to assign a monetary value to them (Wallace and Scott, 2008). Ultimately, the 
insertion of cover crops into a crop rotation should increase the overall sustainability of the farm. 
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