Soil and Crop Productivity under Contrasting Tillage Management Systems in Semiarid Morocco
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Abstract

Research on tillage management systems started early 1980s in semiarid Morocco in order to propose to farmers the best options for managing soils and crops. To date, research has shown that there is no need for tillage neither as primary nor as seedbed preparation. The no-tillage system was found to boost production vis-à-vis the erratic climate of semiarid Morocco. The soil’s attributes have drastically changed due to elimination of soil manipulation with tillage tools. An environmentally sound weed control strategy, difficult to operate in early initiation of no-tillage systems, was developed for wheat and food legume crops in order to reach better grain quality at harvest. For the purpose of integrating livestock and grain production, several scenarios for managing residues at the surface and cropping systems were studied. Combining partial straw exportation and forage based triennial rotation was found to satisfy both water storage for stabilizing wheat yield and enhancement of soil quality. Especially, no-tillage systems were economically practicable in dry years. However, more research and research-development activities should be encouraged for wide dissemination of benefits from no-tillage systems and establishment of conservation agriculture in Morocco. 

Media summary

No-tillage system was found to simultaneously boost productivity of soil and crop in semiarid Morocco. In addition, pertinent options in terms of straw exportation, cropping system and weed control are possible to fulfil farmer’s requests to accept adoption of no-tillage systems.

Introduction

Conventional agriculture is viewed as an environmental problem, while conservation agriculture based upon no-tillage systems can be a significant part of the environmental solution. Moroccan soils are undergoing accelerated erosion and loss of productivity due to their mis-management by farmers, the stewards of the land resources (Merzouk, 1985; Mrabet et al., 1993). Farmers are obliged to manage simultaneously water scarcity and crop failures through traditional soil, water and crop management practices. Quantitatively, farmers are seeing their production declining and loosing their harmony with natural resources (i.e. soils). 

The conservation of sufficient soil organic matter (SOM) levels is crucial for the biological, chemical and physical soil functioning. Appropriate levels of SOM ensure soil fertility and minimize agricultural impact on the environment through sequestration of carbon, reducing erosion and preserving soil biodiversity. The concept of tillage reduction or elimination was first introduced in semi-arid Morocco in 1980s (Bouzza, 1990; Chekli, 1991; Bourrarach, 1989). This paper presents selected results from studies of tillage systems comparing the effects of these systems on soil quality, wheat yields, plant residues, cropping systems and weed control.

Crop Response to Tillage Systems

In Morocco, cereals occupy 70% of land cultivated area and weedy or tilled fallow represents 13% of the same area. Water conservation research starting in the early 1970s, has focused on the effects of tillage systems, row spacing, seeding rate, rotation (including fallow type) and variety on yields of wheat. All of the early studies either removed residue by grazing and/or incorporated residue with tillage. The burning of residues in place is rare because of low residue production.  

In low rainfall regions (200-300 mm), long fallowing is traditionally practiced for water storage and conservation in soil profile. Experimental results showed that eco-fallow, where plant residue are kept at the soil surface or as stubble and weeds are controlled with chemicals in place of tillage, hand weeding or grazing, improved water storage efficiency from 10% in weedy fallow and 18% in intensive tillage fallow to 28% in chemical fallow. This increased water availability was reflected in wheat yields under no-tillage systems (Bouzza, 1990).  

The assessment of any tillage system hinges around crop yields. In last two decades, a significant number of studies dealt with the effects of no-tillage systems on crop yields for different wheat rotations under rainfed conditions with special emphasis on no-tillage.  In most of these studies, authors reported that generally wheat yields were higher under no-tillage systems than conventional tillage systems, especially in years where accumulated rainfall is lower than normal. Under continuous wheat or wheat fallow, mean yields with no-tillage, over a 10-year period at Sidi El-Aydi station (clay soil, 358mm) and an 18-year period at Jemma Shaim station (clay soil, 270mm), were higher or equal to minimum tillage (sweep), with both being significantly better than conventional tillage (Bouzza, 1990; Mrabet, 2002b). These results are confirmed for 4-year continuous wheat by Mrabet (2000), as shown in figure 1a. 

Kacemi et al. (1995) reported that no-tillage system effect on wheat grain yield was found superior or equal to minimum tillage (V-blade Sweeps) for wheat-corn, wheat-lentil and wheat-chickpea cropping systems in the same two climatically contrasting sites.

In farmer’s field, wheat yield increased with no-tillage system compared to conventional tillage (Figure 1b). In other terms, no-tillage system was applied for 7 years without any depression of wheat production. In this figure, wheat production under no-tillage in a drought year like 1999 expresses the stabilizing effects of favorable conditions of soil properties and microclimate when applying no-tillage and residue cover. However, crop failure in case of farmer’s situation under conventional tillage mean that conditions for degradation are prevalent.
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Figure 1: Tillage effect on wheat grain yield at sidi el aydi experiment station with a deep clay-rich soil (Mrabet, 2000) (a) and at a semi-arid Moroccan farm with medium depth clay soil on sloping land (Mrabet, 2002b, Farmer, Personal Communication).

Using a line-source irrigation system to define varying water regimes, Mrabet and Bouzza (1996) found that no-tillage system ameliorated seedling establishment and growth of  corn. The yield under no-till increased compared to tilled systems and ranged from 8 to 22% for corn depending on moisture regimes. Other crops responded favourably to no-tillage system, such as lentil, chickpea and fababean (Kacemi, 1992), Sunflower (Aboudrare et al., 2003), Vetch-Oat (ElBrahli et al., 1997) and Barley (Mrabet and Bouzza, 1997). 

Soil Quality under Tillage Systems

The soil’s attributes have drastically changed due to elimination of soil manipulation with tillage tools. There is evidence that elimination of tillage can result in sequestration of carbon (Mrabet et al., 2001a; Bessam and Mrabet, 2003). Mrabet et al. (2001b) showed increases of 13.6% with no-till, and 3.3% with conventional tillage over an 11-year period, with differences being greater in the top 25 mm layer. Generally, there is a trend towards a stratification of soil organic carbon at the surface under no-tillage, without any effect on lower horizons (Mrabet, 2002c). At 0-25 mm, soil organic carbon increased from 5.6 to 7.2 Mg ha-1 under no-tillage, after 4 and 11 years. At the same horizon, soil organic carbon level did not change under conventional tillage after the same periods (Bessam and Mrabet, 2001, 2003). These authors reported that NT soil has sequestered 3.5 and 3.4 Mg ha-1 of soil organic carbon more than conventional tillage in the 0-200 mm horizon, after 4 and 11 years, respectively. No-tillage affected also organic matter content of aggregates in all classes of a calcixeroll soil (Figure 2).  

In addition to organic matter, another important related soil quality benefit of continuous no-tillage is the improved aggregation. That refers to the proportion of aggregates that resist water forces under wetting (Lahlou and Mrabet, 2001). Retention of crop residues and lack of soil disturbance under no-tillage affect nutrient cycling and availability. Consequently, fertilizer requirements of wheat grown with no-tillage have also received attention (Mrabet et al., 2001b). These authors found that no-tillage helped to conserve more nitrogen, and resulted in increased extractable phosphorus and exchangeable potassium concentrations in the upper root-zone. There is also a slight acidification of the soil at the surface, which can increase availability of these nutrients to wheat.
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Figure 2: Effect of tillage system on organic carbon of soil and its aggregates

Carbon of particulate organic matter is suggested as a sensitive indicator of change in SOM quality under tillage. After 4 and 11 years of experimentation, measurements showed that the soil surface under no-tillage sequestered more particulate carbon than under conventional tillage (Bessam and Mrabet, 2003; Saber and Mrabet, 2002). This soil organic matter fraction also contributes to nutrient cycling and availability. 

Crop Residue Management for No-Tillage System

For semi-arid Morocco, the major threats to soil productivity and agricultural sustainability are over-grazing and straw exportation. However, in no-tillage agriculture, it is recommended to maintain a crop residue cover to protect the soil surface from the erosive forces of wind and water. Surface residues not only shelter the soil by a non-erodible cover, but also increase infiltration and reduce evaporation and soil temperature (Kacemi, 1992; Mrabet, 1997). The level of residue needed under no-tillage to equal the effect of intensive tillage on soil water storage is in the range of 2-4 Mg ha-1 (60-80% cover) (Mrabet, 1997). At the same time, Mrabet (2002a) reported that wheat grain yield was not affected by residue cover when at level higher than 70%. This means that farmer can partially export straw from field without affecting his production. However, in terms of soil quality improvement, Mrabet et al. (2003) expressed that organic carbon, particulate organic matter; nitrogen contents are proportional to residue level under no-tillage system. Retaining an increased residue cover by no-tillage enhanced in long and medium terms soil organic matter and improve soil structure (Figure 3, Mrabet et al., 2001; Ibno-Namr and Mrabet, 2004).

Evaporation of water from the soil is also reduced with maintenance of mulch cover. Figure 4a shows that time to reach wilting point in Sidi El Aydi soil was proportional to residue cover under no-tillage. As reported in figure 4b, no-tillage with residue cover of 60% permitted higher time to reach wilting point than any applied tillage system.
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Figure 3. Time-Tillage and residue cover effects on organic carbon of a surface horizon (0-5 cm) of a Calcixeroll soil in semiarid Morocco (experiment started in 1994, Average annual rainfall: 358 mm, No-Till 100, No-Till 50 & No-Till 0 correspond to no-tillage plots with full cover, 50% partial cover and bare).
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Figure 4: Evaporation of water as affected by tillage and residue management under no-tillage as expressed in term of time to wilting point (soil wilting point is 0.16 g g-1) (Mrabet, 1997).

Crop Management under No-Tillage System
The population growth resulted in increased reliance on continuous cropping rather than conservation cropping systems (crop diversification). Continuous wheat and wheat-fallow are the most common rotations that are less dependant on management and inputs. In other side, the quality of management is important in maintaining high yields with no-tillage systems since no-till requires more careful management than conventional tillage. The seed should be placed at the proper depth and with good soil contact, residue should be well distributed at the surface and weed adequately controlled. Due to proper characteristics of soil and moisture conditions at time of seeding and the need for early sowing, no-tillage seeding machines was studied in Morocco. Intensive research was conducted in this aspect and requirements of a versatile direct seeding machine were developed. For hard soils, Bahri (2001) and Bourarach et al. (1998) recommended hoe type no-till drill for seeding winter cereals and several food legumes. However, researchers need to investigate in developing or experimenting no-till drills for row crops, not yet available. 

The big change facing farmers when shifting to no-tillage is weed control. Small farmers consider weeds as an important source of nutrients for their livestock. Great variety of herbicides is available and was tested for no-tillage conditions (ElBrahli and Mrabet, 2000). These authors investigated various strategies for weed control in important cropping systems based on soil applied herbicides combined with foliar herbicides if necessary. Concept about fertilization has been revisited under no-tillage due to residue recycling and nutrient release (Tab, 2004).

In order to satisfy a better integration of livestock in no-tillage cropping systems and avoid excessive grazing of stubble and flat residues, forage crop (barley, oat, vetch) were incorporated as a second crop in wheat-fallow rotation. In terms of yields, wheat performed either equally or better in the 3-year rotation (wheat-forage-fallow) than in wheat-fallow at Sidi El Aydi (Mrabet and Bouzza, 1997). At the same time, organic carbon at the soil surface improved with time when forage crop was included (Figure 5). 
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Figure 5. Time-cropping system effect on organic carbon of a surface horizon (0-5 cm) of a Calcixeroll soil in semiarid Morocco (experiment started in 1994, average annual rainfall: 358 mm).

Conclusion 

Agronomic benefits from no-tillage systems compared to traditional tillage systems are well shown from research sites, either at the experimental or farmer level. The efficiency of a no-till system for carbon sequestration is enhanced when used in combination with high intensity wheat rotation and reduction of summer fallow. In other terms, while soil organic matter levels in Morocco are low. i.e., < 1–2%, some cropping systems managed under no-tillage technology, notably with forage legumes in rotation with cereals, cause sustainable increases in soil organic matter. No-tillage system ameliorated organic matter labile fraction and soil pool in nitrogen, phosphorus and potassium. 

Water conservation and soil quality improvements were found proportional to residue cover level under no-tillage, while wheat yield could reach an optimum at 2-4 Mg ha-1 of surface residues.

As an important option for implementing no-tillage in farmer’s system, combining partial straw exportation and forage based triennial rotation was found to satisfy both water storage for stabilizing wheat yield and enhancement of soil organic matter.

Supplementary studies should be undertaken in other soil types in order to generalize the effect of no-tillage systems on the improvement of crop yields and on the restoration of soil quality. Other biochemical and chemical studies of soil organic matter are needed to comprehend better the carbon dynamics and microbial activity. Soil erosion and carbon emission under tillage systems should also be prioritized in agricultural research centers. In fact, agronomic and environmental benefits from no-tillage systems could be ameliorated and better recognized in prevision of future scenarios of climate change (rise of temperature and evapotranspiration) that may occur in Morocco. 

Technically no-tillage systems can be widely adapted to farmer’s conditions. However, attempts to transfer these systems have not yet find satisfying environment for agricultural revolution.  In other words, despite this progress in research, still farmers feel that conventional tillage is necessary to produce a crop and that plant residues are important for livestock diet (El-Brahli et al., 2003). Research-development activities should be encouraged for wide dissemination of benefits from no-tillage systems and establishment of conservation agriculture in Morocco.
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