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Chapter 1: Introduction

 

 

1. Introduction

During the last 30 years, the agricultural activity has shifted from a traditional system (agro-forestry) to an intensive one. The pressures exerted on the natural resources of the country, following a socio-economic development that did not always take into account the environmental component, involved an alarming degradation which endangers their durability and their ecological and socio-economic roles. However, in the Massa plain, soil fertility degradation and underground water pollution by nitrates and pesticides are an example of the consequences of this agricultural intensification. Indeed, some studies show that the nitrates content of underground water in Massa plain often exceeds the standard of drinkable water (50 mg NO3/L) and recorded an annual increase of about 1 to 4 mg NO3/L (Ourahou, 2001). The deterioration in the quality of the water resource in the plain of Massa represents not only an ecological problem but also a problem of public health when the underground water constitutes the only source of drinkable water for rural populations.

 

Considering the above-mentioned situation, organic agriculture seems to be a respectful agriculture for both environmental balances and consumers’ health. It ensures a quality production for a healthy feeding of the population as well as for the safeguard of resources and the protection of natural environments. In fact, the present work can provide information of great utility in order to supply some suggestions and measures that should be taken into account by farmers to manage better the greenhouse production under organic systems. 

2. Background information about agriculture in Morocco

2.1. General view

2.1.1. History and soil distribution

Major events that marked the history of agriculture in Morocco constituted decisive steps for the sector's development and modernization: launching of projects to build irrigation dams, allocation of land plots as part of agrarian reforms, enactment of the agricultural investments code, development contract between the state and farmers, building of a large number of agro-industry plants, creation of several agriculture training schools and institutes... etc.

 

The country's area is estimated at about 7.1 million hectares, including 4,0 million hectares of agricultural land plots. Efforts made in studies together with the construction of water-supply facilities have resulted in the building of 90 large dams with an overall capacity of 14 billion cubic meters. The existing water facilities currently supply about 1.7 billion cubic meters of water (11 billion cubic meters of surface water and 2.7 billion cubic meters of underground water). The goal set by the public authorities in the early 1960s is the irrigation of 1 million hectares (MADRPM, 1998). This figure was exceeded some years ago.

 

The horticultural production is of major importance in the agricultural sector of the country. According to the MADRPM/Direction de la Statistique (1997/98), the surface area destined to vegetable crops is 228500 ha, with the production of 4615000 tons; it represents 2% of the total surface area in the country, the total arable land is estimated at 8.7 million hectares.

 

The most important vegetable crops in Morocco (production and surface area) are tomatoes, potatoes, onions and others. The sector has marked an important development in terms of surface area production in the last few years (MADRPM/Direction de la Statistique, 1999).                                                                                                                          
 

Graph1: Distribution of arable land in Morocco

[image: image1.jpg]Distribution of arable land in Morocco

Vegetables

Legumes, 2% Foddercrops

%

Industrial crops.

4% o
Frut rees, Oleaginous
% crops
1%
Uncutivated
fand Cereals

18% 63%





                                                  


                   (DPAE, 1997/1998)

 

2.1.2 Environmental and climatic data

Morocco occupies a surface of 710850 km2. It is located in North-Western Africa (between the 21st and the 36th parallel of Northern latitude) and borders on both the Mediterranean sea and the Atlantic Ocean (2 maritime frontages:  3000 km of coasts).

 

Morocco is characterized by a great climatic diversity leading to a diversification of the ecosystems and natural environments.  In addition to their ecological role and inheritance of biodiversity, these ecosystems are the origin of natural resources having an important socio-economic interest, for both the national economy and the economy of local populations. This biodiversity (biological diversity) includes:

· Species, varieties and races belonging to the fauna, flora and microorganisms. 
· Natural means and ecosystems (forests, steppes, meadows, coasts, lakes, lagoons, bays, ocean, etc.). 
· Natural resources coming from natural environments (wood, water, fish resources, agricultural products etc.).    

 
Morocco is subjected to a Mediterranean climate characterized by a great variability in the precipitations and temperatures. Generally speaking, this climate is characterized by a summer dry season associated with low precipitations and high temperatures and a winter rainy season. Rainfall quickly decreases with the latitude, from the North to the South and from the West to the East (continental effect). The influence of the altitude is also considerable since the rainfall increases on high mountains. 

2.1.3 Social and economic aspects

Agriculture plays a major economic and social role in Morocco and largely contributes to efforts of economic takeoff that the country has been undertaking for some decades. The agricultural sector employs about half of the working population and contributes to 17% of the GNP (Global national product) (MADRPM, 1998).

 

Vegetables are of paramount importance in the Moroccan economy. In fact, the country reaches the self-sufficiency in vegetable production. Furthermore, the sector regenerates a high value added in the Moroccan financial statement   through exports. In Morocco, vegetable exports mainly concern the out-of-season products in fact of this production 40-50% are exported  (MADRPM, direction de la statistique). The export value was about 1.2 million DH in 1997-1998. It represents the value of 15% of the total agricultural exports; most of exports are generally carried out between November and March (93% in 1994-95) (DPAE, 95).

 

The main market destinations of Moroccan vegetables are France and Germany. These countries absorb the highest percentage of exports, followed by Canada, Switzerland and Grand Britain with smaller quantities (DPAE, 95).

 

2.2 Greenhouse production in Morocco

The pressure of increased competition among the Mediterranean countries and import restrictions imposed by the EU has intensified the development of the greenhouse production in Morocco. This new technology has increased Moroccan exports due to the increase in yields, increase in fruit quality, production stability and the increase in earliness.

 

Protected cropping was introduced in Morocco as a technique of production in 1970 and has rapidly expanded in the last 30 years. The goals behind this expansion were to enhance off-season production of vegetables and fruits, to produce earlier than open field crops and to improve yield and quality of the agricultural products. From 1981 to 2000 the area of greenhouse has notably increased to reach 11400 ha in 2000.

 

Vegetable crops were the earliest to be grown in Morocco under greenhouse. Only ten years after the introduction of this technology in Morocco we have seen the first banana or cut flower greenhouse. The area of organic vegetables in Morocco does not exceed 300ha of which 230ha are cultivated under greenhouse. These protected crops include tomato, pepper, zucchini, eggplant and green beans among others (Hanafi & Kenny, 2001).

 

3. Massa plain: Opportunities and prospects for an organic production under the greenhouse

The climatic, agronomic, and geographical assets of Morocco allow to have an important potential of organic agricultural production with respect to the competitive countries. This path makes agricultural exports more diversified. However, foreign markets, especially European and American ones, strongly demand for these organic products.

 

The Souss-Massa plain plays an instrumental role in protected cultivation in Morocco. Furthermore, it harbors 90% of organic production in Morocco. All the other regions of country are cultivated with vegetables (66%), banana (52,5%) and cut flowers (41,45%) (Hanafi & Kenny, 2001).

 

So far, tomato has been the first crop to be grown under greenhouse with more than 50% of the total greenhouse area. Tomato is a very popular crop for production in the Massa plain. Tomatoes are relatively easy to grow in greenhouse with respect to other vegetable crops, and yields can be very high. Demand for tomato is usually strong for local and export market due to the overall high level of eating quality (Hanafi & Kenny, 2001).

 

3.1 Soil data

Soils of the Massa plain have a light texture. They are alluvial in the majority, little advanced and constituted by sand and silt, with generally little of clay and poor in humus. They are chalky and of middle content in potash and phosphates. The percentage of active limestone varies between 2 and 5%.  This type of soil generally has low organic matter and fertilizing elements.  Electric conductivity varies between 0.15 and 1 mm hos/cm.  The pH is generally high; it varies between 7.5 and 9 (Ayoub & Ait el kaid, 2000).

 

3.2 Climatic data

Massa plain is delimited by the High-Atlas Mountains in the northern regions and by the Anti-Atlas Mountains in the east-southern ones. Its situation looks like a basin on the Atlantic Ocean conferring to it a particular climate.

 

The climate of this area is Mediterranean and semi-arid. It is characterized by mild winters and relatively hot and dry summers. The minimal January temperature varies between 4 and 8°C.  The maximum July - August temperatures generally vary between 28 and 32°C; the frequency of temperatures exceeding 45 °C is not negligible.  The dominant winds blow from either the Northwest or the Southeast with the risk of Cherguis (dry winds). Sunning times vary from 2800 to 3000 h/year.  The relative humidity is lower than 40% in the periods of high temperatures, but it can even exceed the 80% during the night and in the morning. The annex 1 shows the means of temperature, rainfalls, hygrometry, evaporation and wind speed during 24 years between 1975 and 1999 (Ayoub & Ait el kaid, 2000) (See Annex 1).

 

4. Organic farming in Morocco

Organic farming in Morocco is in its initial stages of development. It effectively started in 1986, from the area of Marrakech. Some Citrus growers launched it and from this area it has progressively gained other regions. Nowadays, traditional and modern farmers are involved in one aspect or others of organic production (Kenny, 2001).

 

The total surface concerned into the organic production is estimated at 12550 ha.  Non-cultivated plants occupy 90% of this surface. The rest is grown with vegetables, fruits, condiments and medicinal plants. Since 1992, the whole production has been exported to Europe. Details of surfaces according to areas and commodities are presented in the annex 2.

 

 

 

 

Chapter 2: Organic tomato crop

 

 

Originating in Central and South America, the tomato was thought to be poisonous and was not recognized as a useful vegetable by American colonists until the early 1800s. The cultivated tomato (Lycopersicon esculentum) belongs to the solanaceous group of vegetables. Today, it is an almost daily part of people diet all over the world with an annual world production approaching 50 million T. Tomatoes are low in calories and a good source of vitamin C (Riofrio, 2000).

 

1. Towards a sustainable organic tomato greenhouse

Concerns about groundwater contamination, soil erosion and degradation, pesticide residues in foods and pesticide resistance have fuelled vigorous debates about the sustainability of chemical-intensive agriculture. Nevertheless, the development of ecologically sound agricultural systems is rapidly emerging as a national priority in most countries. Farming practices constituting an alternative to synthetic chemical inputs cause fewer environmental hazards than conventional practices (Drinkwater et al., 1995). 

 

Most farmers think that greenhouse technology and horticultural practices differ little between conventional and organic greenhouse production. Moreover, they state that the main variations only concern pest control and soil fertility. Indeed, greenhouse production under organic farming must have agro-ecological objectives in order to provide a balanced environment, sustained yields, biologically mediated soil fertility and natural pest regulation through the design of diversified agro-ecosystems and the use of low-input technologies. The aim is to design an agro-ecosystem that mimics the structure and function of local natural ecosystems. Agro-ecology provides the knowledge and methodology necessary to develop an agriculture that is on one hand environmentally sound and on the other hand highly productive, socially equitable and economically viable. The strategy is based on ecological principles that lead management to optimal recycling of nutrients and organic matter turnover, closed energy flows, water and soil conservation and balanced pest-natural enemy populations. The strategy exploits the complementarities and synergisms that result from the various combinations of crops in spatial and temporal arrangements (Altieri & Rosset, 1996).

 

2. Morphological description of the plant

Tomato stem, as that of the other Solanaceae, is vigorous and ramified. There are two types of tomato growth: Indeterminate growth and determinate one. Varieties used in greenhouses are those varieties with indeterminate growth requiring a particular care (training, topping, pruning, etc.).  

 

Leaves are composed and hairy. It spreads a characteristic odor due to the solanine. Flowers are of yellowish color, grouped in cyma. The fruit is botanically classified as berry and contains several cabins. The maturity of the fruit can continue even after the harvest, it is a climacteric fruit. As for seeds, they are white, flattened and hairy. The weight of 1000 seeds is approximately 3 to 4 g, according to the variety (Chibane, 1999). 

 

3. Plant growth Requirements

3.1 Climatic conditions

3.1.1 Temperature

Temperature is an important factor in the production of tomatoes. The low temperatures (< 10°C) slow down the growth and the development of the plants, involving a shortening of the internodes and the formation of abundant foliage to the detriment of the production.  A low temperature can also involve clusters ramification and difficulties in fruit setting. With the lower part of 17°C, pollen germinates badly, especially with low moisture. High temperatures support the growth of the plant to the detriment of the inflorescence which can fall through.  Persistence of a hot and dry wind can involve an abnormal lengthening of the pistil, thus making self-pollination more difficult (Chibane, 1999). Optimal temperatures are:  

· Diurnal temperatures:  20-25°C 

· Night Temperatures:  13-17°C 

· Soil temperatures:  14-18°C 

 

However, under Moroccan conditions, these values are difficult to realize, in spite of the use of greenhouses. The tomato culture which is spread out over one period of production of approximately 10 months at least spends 3 months under adverse conditions (low temperatures). A bad ventilation and the perviousness can accentuate the bad control of the temperature inside the greenhouses.

3.1.2 Relative humidity

A relative humidity (RH) of 75% is considered to be optimal. It makes possible to have fruits of good gauges without coloring defect. A too high RH, coupled to a high temperature, involves dense luxuriant vegetation with a lengthening of the internodes. It also favors the development of diseases, in particular the botrytis and the mildew.  Morning ventilation makes possible the reduction of air moisture and eliminates the small droplets from condensation that are formed on the wall of the plastic.  In the event of dry times, irrigation can increase the RH. In the production period (Oct.-May) the diurnal RH generally remains close to the safe optimum in the case of dry winds in the Massa plain where the RH drops below the threshold.  

3.1.3 Light

The light is a fundamental ecological factor. It intervenes in many physiological phenomena, in particular photosynthesis. The tomato is a neutral culture with the photoperiod. However, it is demanding in luminous energy and a relative lack can inhibit floral induction. The reduction of the light decreases the percentage of pollen germination.

 

The transmission of the light is a function of the type of plastic used.  It is 70% for plastic anti-UV and 65% for the infrared plastic. This transmission decreases in 2nd year of use, because of dirtiness and deposits of dust. In this case, a washing of the plastic in 2nd year is recommended to improve its effectiveness (Chibane, 1999).

 

3.2 Soil conditions

3.2.1 Structure and texture 

In general, the tomato does not have particular requirements as for the soil. However, it adapts well in deep, movable, well-aired and well-drained soils. A sandy or sandy-silty texture is preferable (Chibane, 1999).   

3.2.2 PH

Tomato is an indifferent crop regarding the pH of the soil.  Yields vary little with the variation of the pH. However, on soils with alkaline pH (case of Massa plain), certain microelements became not very available to the plant (Fe, Mn, Zn, Cu). The most frequent deficiency is that of iron; it generally appears during an advanced stage of the crop (Chibane, 1999). 

 

3.2.3 Salinity

Tomato is classified among the plants with moderated tolerance to salinity.  When electric conductivity (EC) is 4 mmhos/cm (2,5 g/l of total salts), it drops by 10%. However, the yields fall can reach 25% with a salinity of about 4 g/l.  The impact of salinity is more serious on export yields, following the reduction in the fruit gauge. To this end, a control of the EC during all the crop cycle is essential (Chibane, 1999).

 

 

 

Chapter 3: Organic production systems under the greenhouse

 

 

 

 

1. Soil fertility management

1.1 Effects of organic matter on soil fertility 

The foundation of organic farming is a microbial-active soil enriched with organic matter and a balanced mineral diet. Humus building practices and additions of rock minerals not only supply plant nutrients, but also increase tolerance to insects and diseases, help control weeds, retain soil moisture, and ensure eventually produce quality. The organic fertility system revolves around a combination of practices such as crop rotation, forage legumes, cover crops and green manures, livestock manures (preferably composted), lime, rock phosphate, other rock minerals and, lastly, supplemental organic fertilizers (Diver et al., 1995). 

 

Organic matter has a positive effect on the development and stability of soil structure. Silty and sandy soils profit from organic matter by enhanced aggregate structure. Organic matter is absorbed by the charged surfaces of clay minerals. The negative charge decreases with increasing particle size. Silts and sands are very susceptible to erosion since it is not charged, but organic matter layers on the silt surface may favor aggregates with silt too. Prudent use of heavy machinery that may lead to soil compaction is required to maintain soil structure. Fertilization and protection strategies must also be designed in such a way that soil biological processes leading to a better soil structure are supported.

 

1.2 Situation in Moroccan soils

In Morocco, soil analysis on organic farms showed deficiencies in several elements. With few exceptions, the soil organic matter rarely exceeds 2% on organic farms. The C/N ratio is between 4 and 10 that is far below the recommended level for organic farming. Deficiencies in potassium and magnesium were also found in some cases. Part of this deficiency situation is due to the lack of knowledge on how to manage soil fertility without using chemicals. As the concept of organic farming is relatively new for Moroccan farmers, very few are integrating animal husbandry and green crops in their practices. Organic fertilizers are not available on the Moroccan market. Therefore, local manure, composts and few mineral rocks are the only means for farmers to solve soil fertility problems (Kenny & Hanafi, 2001).

 

In Massa plain, soil temperature is always above 18-20 °C during the day. This lead to a rapid turnover of organic matter and nitrogen mineralization. Farmers in Massa have therefore to manage their soil fertility very carefully in order to maintain a balanced C/N ratio all year around (Kenny & Hanafi, 2001). 

 

For its high yields, tomato crops under greenhouses can uptake big quantities of nutrients. For a yield of 110 tons, one hectare can uptake 285 Kg of nitrogen, 136 Kg of phosphorus, 593 Kg of potassium, 359 Kg of calcium and 69 Kg of magnesium (Guet, 1993). For these reasons, frequent applications of manure and/or well-decomposed compost are necessary. In tomato, up to 100 tons of manure is applied on some farms. Under greenhouses, the speed of nitrogen and organic matter turnover is even higher. Therefore, farmers are not counting on manure and/or compost alone, they are also using fertigation with manure juice, intercropping with legumes and the incorporation of crops debris left after the harvest (Kenny & Hanafi, 2001).

 

1.3 Techniques of managing soil fertility

1.3.1 Crop rotation

Crop rotation is a major component of organic farming, affecting both soil conditions and pest cycles. Tomato belongs to the nightshade family (Solanaceae), which includes potatoes, eggplants, peppers, and garden huckleberry. Tomato requires high quantities of organic matter so it is considered as a head of the rotation. Rotation with non-solanaceous crops for no less than two years is usually recommended to avoid pest problems common to this group of vegetables (Guet, 1993).

 

1.3.2 Animal manures

Animal manures also provide most of the micronutrients needed. Some manure products are composted, dehydrated or mixed with plant litter to enhance their fertility. Their composition greatly varies in their content of fertilizing nutrients according to animal species and age, the kind of the feed used, the moisture content of the manure and the kind and amount of litter or bedding mixed in the manure.

 

1.3.3 Compost

Good compost is a "safe" fertilizer since it does not burn plants and is less likely to cause nutrient imbalances. It can be applied directly to the soil with little food safety concern. Composting livestock manure reduces many of the negative effects associated with raw manure usage.

 

1.3.4 Additive fertilizers

If necessary (in accordance with the soil and leaf analysis results), natural mineral substances allowed under the regulation can be used. The use of such products and their inclusion in the fertilization plan must be done in cooperation with the farm advisor and the farm inspector.

 

Organic fertilizers are often residues of animals or parts of animals. They contain 5 to 10% of nitrogen most of it under organic form. The maximum is 16%, over this level the presence of mineral forms (nitrate, ammonia, urea) should be suspected. Among the most common organic fertilizers available in Mediterranean countries there are: blood powder, feather powder, bones powder or meat powder, animal horn and sabots are also ground and used as fertilizers.

2. Cultural practices

2.1 Cultivars selection

Factors influencing selection of tomato varieties include disease resistance, suitability to production systems and market demands. As far as possible, selected varieties must be adapted to the soil and climatic conditions and be resistant to pests and diseases. In the choice of varieties, the genetic diversity should be maintained (Ben Khedher, 2002). 

 

All tomato cultivars used under greenhouse in Morocco are hybrids, which are more disease-resistant than older open pollinated types. New cultivars are continually released by seed companies to provide resistance to new diseases (Hanafi & Kenny, 2001). 

 

2.2 Nursery management


Seeds should be obtained from organic production method. This method implies that parent plants must be produced in accordance with rules of organic production for at least one generation. 

 

The quality of plant material used for planting is of paramount importance for organic tomato under greenhouse. The site of the nursery should be carefully selected on the basis of some criteria as protected location, adequate air and water and virgin site to avoid pests and diseases.

 

Seeds not obtained by the organic production method may, during a transitional period, be used. In so far, users must show to the satisfaction of the inspection body or the state authority that they are unable to obtain the appropriate variety from the market propagating material (Ben Khedher, 2002).

 

2.3 Plantation

Plants are transplanted at the stage of 3 to 4 leaflets at a density varying between 10000 and 17000 plants/ha. It is important to mention that until very recently farmers used very high densities planting up to 25000 plants/ha. This trend in reducing plant density was partly the result of quality considerations such as fruit size but was mainly due to phytosanitary considerations. Another reason for the reduction of plant density is the use of grafted tomatoes.

Non-grafted tomatoes are planted in double rows in ridges of 80 to 90 cm, at a distance of 30 to 40 cm within the row and 40 cm between rows. The spacing between ridges varies between 1.20 and 1.40 m. Grafted tomatoes are planted at a distance of 50 to 80 cm within the row and are conducted in double stems because of their vigorous root system. In this case, plant density is even reduced to 8000 – 12000 plants/ha and this has created a better climate for the crop (Hanafi & Kenny, 2001). 

 

2.4 Crops association

Several studies indicate the positive effects existing in the association of tomato with some other crops. Crops are mainly associated for the following reasons:
· To benefit from the beneficial influence that certain vegetable species have on others, probably because of substances excreted by their roots (radical exudates). 
· To better occupy space by associating species with short cycle and species with long cycle. 
· To better benefit from nitrogen uptake from the air by the species belonging to the family of the leguminous plants (bean, pea, broad bean, clover, etc.) and which is released in the ground. 
· To profit from the protective effect (against diseases) or the repulsive one (against pests) of certain species. 
 

For tomato, favorable associations have been observed with garlic, sprinkles, carrot, celery, cabbage and bean.

 

2.5 Pruning and training

Greenhouse tomatoes, as a result of their indeterminate growth habit, require continuous pruning and training with the trellis system. Plants are trained up a plastic string attached to the trellis system above the plant and extending to the base of the plant. Trellis strings are made up ahead of planting and are usually collected at the end of the crop cycle and must be disinfected prior to their utilisation during the following cropping season.   

 

Tomatoes under greenhouse require pruning of all lateral branches (suckers) as they develop to encourage a single leader. Pruning helps in the overall management of the long-term tomato crop. Pruning must be done according to a frequent schedule (every 3 to 4 day) in order to avoid the removal of large shouts which create large wounds vulnerable to pathogen infection. 

 

Pruning early in the day allows the wound to dry sufficiently during the day making it less susceptible to pathogens. It is better not to prune during cloudy periods because drying of the wounds is not optimal (Hanafi & Kenny, 2001).

 

2.6 Pollination

Tomatoes are self-pollinating under open field conditions. Pollen sheds and fertilization occur as a function of normal air movement and of agitation of the plants and flowers. Under greenhouse conditions, flowers need to be mechanically agitated, or fruit needs to be set using plant chemical hormones that are prohibited under organic regulation. Several problems can result from poor pollination: off-shaped fruit if seeds do not develop uniformly throughout the fruit, smaller fruits and fruits that are rough along the tops. Pollination must be protected from various stresses such as cold or hot temperatures, drought, high humidity, nutrient deficiencies, nutrient toxicities, etc., as well as lack of pollen transfer (Hemphill, 2002).

 

In Morocco, pollination is achieved by vibrating the flower cluster for few seconds with electric or mechanical vibrator. Vibrating is not effective on cloudy days because the humidity prevents pollen dehiscence even with vibration. Moroccan farmers  have started to use bumblebees for pollination of greenhouse tomato since 1992. They used to introduce bumblebee hives twice per crop cycle (Hanafi & Kenny, 2001).

 

3. Insects, diseases and weed management

The last few years in Morocco have seen the introduction of many pest species from overseas. The causes of this new pest introduction are numerous. However, the lasts trend is probably due the increase in international exchange of plant products and materiel. In many situations it was observed that certain substrates were source of insect; pests and weeds (Hanafi, 1997).

 

3.1 Control strategy in the organic tomato greenhouse

The control strategy in an ecologically advanced organic tomato greenhouse is based on re-establishment of an agro-ecological balance. The establishment of this balance prevents pests and pathogens from occurring and keeps their population below the economic thresholds.

 

An agro-ecological balance is accomplished according to three methods. First, when the right cultural practices are applied (resistant cultivars selection, pruning, suitable training system, balanced fertilization, crops association, etc.). Second, when natural enemies are promoted and protected in order to regulate pest populations. Third, if the pest still above economic threshold, a prerequisite is the application of really necessary control treatments such as biological agents as BT (Bacillus thuringiensis) or insecticides (of mineral or plant origin). This kind of control is applied only if there is a serious infestation in the greenhouse and in accordance with regulations.

 

In addition to biological control, organic greenhouse management relies more on some prophylactic measures. It includes the use of insect-proof net around the opening of greenhouse and doors, as well as destruction of basal leaves normally practiced to enhance fruit maturity. Sticky yellow cards give useful information to monitor leaf miners and white flies populations while blue ones are used for the thrips. They also supply sufficient information to judge the efficacy of control measures.

 

3.2 Techniques of managing tomato key pests 

 

3.2.1 Soil-borne pests and diseases

The intensification of protected cultivation has created new optimal conditions for the development of many pests and particularly soil-borne pests (nematodes, fungi, bacteria, etc.). The problems were relatively simple during the early years, but they increased in importance as intensive cultivation continued (Besri, 1997). Methyl Bromide (MB) is widely used by farmers to control soil-borne pests. MB is prohibited by organic regulations and by Montreal Protocol in 1993. However, solarization, water steam treatment, biological control and resistant rootstocks are some alternatives to MB for the control of soil-borne pests. All these alternatives are complementary and should be used together in a compatible way to maintain an ecological balance between all biotic components of the soil in order to keep soil pests populations at levels below the economic injury level.

 

3.2.2 Bacterial and viral diseases

The most important bacterial disease is caused by Clavibacter michiganensis, which causes serious damage to tomatoes grown under greenhouse in Massa plain. This bacterium is mainly spread through infected seeds imported from overseas. Unfortunately, this bacterium is not easy to eliminate if the soil become infected.

 

Tomato Yellow Leaf Curl virus (TYLCV) is the most important virus disease on tomatoes whether grown in the open field or under greenhouses. TYLCV is a non-persistent virus transmitted by the white fly Bemisia tabacia and it became a serious disease of which losses can reach in some cases 100% of the total harvest. The control of TYLCV relies upon the control of the white fly.

 

3.2.3 Foliar fungal diseases

Climatic conditions of greenhouses offer ideal conditions for the development of foliar fungal diseases. Botritis cinerea and powdery mildew are the most serious pathogens for tomato under greenhouse in Massa plain. Botritis cinerea survives as a saprophyte on dead tissues and senescent leaves that allow it to multiply and invade healthy tissues. It is very difficult to control those fungi especially if climatic conditions remain favorable to the disease (Hanafi, 1997).

 

Biological control of foliar fungal diseases is not well established yet. But there is a possibility for farmers to use mineral oils, soaps and other bio-pesticides available on the market. The efficiency of such practices has not been confirmed yet.

 

3.2.4 Insects and mites 

Only during the last 5 years, the white fly (Bemisia tabaci) vector of Tomato Yellow Leaf Curl Virus (TYLCV) has become the major pest in tomato greenhouse. TYLCV currently constitutes a challenge for organic tomato production. Since the virus cannot be controlled, farmers must act on the vector. Encarsia formosa and Macrolophus sp. are some parasitoids that can biologically control Bemesia tabaci.

 

Leaf miners are also very important pests for tomato under greenhouse in Morocco. Three species have been identified (Liriomyza bryoniae; Liriomyza huidobrensis and Liriomyza trifolii). The first one is still the most found in tomato under greenhouses. Leaf miners infestation always occurs on older leaves and do not develop on younger strata until the population reaches very high levels. Leaf miners can be biologically controlled by some parasitoids like Diglyphus isaea and Dacnusa sibirica.

 

Aphids and thrips must not be ignored. These species cause direct damage to the plant by sucking the sap and indirect damage related to mould development on aphid dew secretion and to virus transmission (Hanafi, 1997).

 

Mites that cause serious problems in protected tomato cropping mainly belong to the Tetranichidae family. Feeding on plant tissue that provokes necrosis causes direct damage. High infestations of mites are favored by a low relative humidity below 60% and these infestations generally occur in Massa plain during spring in tomato crop. Phytoseiulus persimili, Amblyseius sp and Stethorus sp are an example of some natural enemies of mites in Moroccan tomato cultivations. The first and the second one belong to the acarina order under mite class while the third one is an insect belonging to the Coccinellidae family (Hanafi, 1997).  

 

 3.2.5 Weed management

Uncontrolled weeds reduce yields and quality and harbor insects and diseases which then spread to the crop. In organic tomato production, preventive techniques are of great importance to avoid weeds infestation. It begins with the identification of weed species and mapping their location and populations.

Under greenhouse, the solarization heats the soil and kills germinating weed seeds. It should be performed during summer and autumn periods of maximum solar radiation exposure. Mulching the plantation rows with black plastic comes soon after. It blocks the light preventing weeds germination and growth. More recently, a clear, infrared-transmitting (IRT) plastic has been introduced. The IRT plastic blocks certain wavelengths of light but allows others to pass, and it better heats the soil for early-season crop growth (Smith, 2000).

 

 

Chapter 4: Conclusion

 

 

The prospects for an organic tomato greenhouse production seem satisfactory, the climatic, agronomic, and geographical conditions of Massa plain allow having an important potential of organic agricultural production and this can enhance Moroccan agricultural exports. Market for organic products is growing fast; organic products have market premiums, which are an advantage with respect to the conventional ones. Furthermore, the introduction of agro-environmental laws and economic incentives will give farmers the chance to farm ecologically.

 

It is very important to know that in organic greenhouse no general recipes exist. Farmers have to follow the basic principles, methods and regulations of organic agriculture after appropriate modifications to adapt them to their own conditions and needs. The design of the organic greenhouse and its initial management are of critical importance in order to avoid problems. If these things are not done in a correct way, imbalances may be created promoting harmful instead of beneficial organisms and preventing the good development of the crops inside.

 

Sustainable organic greenhouse should bear in mind the functions of an ecological greenhouse and its contributions in the rural area. The first function is agronomic: the greenhouse should be established for an optimum production where the quality of the product and the environment protection are taken into consideration rather than the maximization of yields. The second is ecological: the greenhouse should respect the natural environment and landscape. The third function is socio-economic: the greenhouse should not create unhealthy working conditions for the workers, but should maintain sufficient income and employment for them in addition to economically vital rural communities, and it should provide healthy vegetables to consumers. 

 

Often there are some problems on the surrounding environment due to conventional farms with intensive monoculture. In this case, additional efforts should be made in order to diversify and to establish an agro-ecological balance. Furthermore, the collaboration of neighboring farmers and of local authorities can solve these problems at a regional level.  

 

Annexes

 
Annex 1: Means of temperature, rain falls, hygrometry, evaporation and wind speed during 24 years between 1975 and 1999
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Annex 2: Organic production surfaces according to geographical areas and commodities

 

Types of production
Surface (Ha)
Area of production

· Non-cultivated crops

·       Argan

·       Medicinal plants

 

Cultivated crops

·       Citrus

·       Vegetables

·       Olive 

·       Other fruit crops

·       Strawberry

·       Caper

·       Safran

·       Aromatic and Medicinal plants

 
Subtotal 
In conversion

·       non cultivated crops

·       cultivated crops

 

Subtotal
 

5.000

2.000

 

 

455

200

100

?

?

?

25

?

 

7.756

 

 

 

4.000

200

 

4.200
 

 

Essaouira, Agadir, 

Taroudant, Azrou

 

 

 

Marrakech, Taroudant, Benimellal

Azemmour, Agadir, Marrakech

Meknes, Taroudant, Taza

Marakech

Azemmour

Fes

Taliouine

Agadir, Rabat, Marrakech

 

 

 

 

 

Agadir, Essaouira, Azrou

Agadir, El jadida, Taounate

 

Total
11.956
 

        












(Kenny, 2001)
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