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ABSTRACT 
The Co-cultivation associates small plants (usually solanaceous) and large-sized plants. There is every reason to believe that co-culture can 
double production per unit area and work, although no systematic research has confirmed this. Our study is based on this hypothesis; during 

2012, an experimental protocol has been set up, on the whole one variety of tomato "TIZIRI" is implanted in association with Datura 

stramonium L as intercropping, The objective of this trial is to study the evolution of cultivars but also in a biological way without using 
chemicals products, and the identification of diseases due to insect attacks on the crop. And also to evaluate the production of tomatoes. 

Some agronomic parameters, in this case the number and size of the fruits, cumulative production, were studied. concerning the production, 

this technique of co-culture has made it possible to improve the total yield of the tomato, and to reduce the rate of insect and other disease-
induced insect attacks, Up to 87.01%, the number of fruits per plant is of the order of 12 fruits per plant, our test provided other information 

concerning the alleopathic effect, in these plots tomatoes Datura contained less weeds as well as testing the most suitable tomato and Datura 

cultivars for intercropping and determining best Crop protection, weed control and predator control. 
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INTRODUCTION 

 

The tomato (Solanum lycopersicum L.) is a species of the great Solanaceae family [10, 55, 12]. It is 

considered as the first vegetable after the potato and second world food resource after cereals. It is adapted to a 

wide variety of growing conditions and intended for consumption in fresh or industrial processing. It is widely 

produced in the field and in gardens [49]. 

Annual global tomato production has increased steadily from over 110 million tons in 2000, from 129 

million tons in 2005 to 152 million tons in 2010. In 2013, around 163 million tons of tomatoes were produced in 

the world [17]. 

In Algeria, tomatoes occupy a prominent place in the agricultural economy. According to [17], tomato 

production in Algeria is estimated at 975 075 tons in 2013. The latter remain low and quite distant from those 

recorded in other Mediterranean countries (Tunisia, Morocco, Spain, France and Italy) producers of tomato. 

Actually, one third of the world's agricultural production is annihilated from one year to another due to 

various bacterial, fungal and insect pest diseases. Each year, the latter consume on average of 10% of the plant 

http://www.aensiweb.com/aeb.html
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production in natural systems and are responsible for more than 15% of crop losses in the world [52]. As well, 

in order to survive in such environments, plants have had to develop various strategies during evolution to 

reduce the damage caused by their natural enemies and in particular by phytophagous insects [13]. 

Moreover, in the Solanaceae, the production of secondary metabolites plays a predominant role in the 

defense processes of the plants [23]. These are called upon to respond actively to the attacks of phytophagous 

[13]. Actually, several techniques are exploited in agriculture to encourage these natural mechanisms of defense 

in plants. Among these methods, the biological and intercropping culture which is widely used by farmers 

producing organic foods with high nutritional value. As well as the  interplant plants act as cover crops of the 

soil by limiting the erosive effect caused by the rains, and  improving the structure and the soil aeration. As a 

result, they also reduce the risk of compaction, runoff and soil erosion. The improvement of all these aspects 

induces a better penetration of the water. Moreover, this technique is gaining interest especially as it contributes 

to the organic cultivation while preserving the biodiversity in the edge of plots and in the neighboring biotopes 

[54, 32]. 

In our study we have used Datura stramonium in co-culture with tomato, as this species has many 

applications in many fields such as ornamentation, environment (water and soil pollution control) and especially 

in the fight Biological control of pests such as mites and whiteflies [5]. The study will allow us to evaluate the 

influence of a co-culture (Datura- tomato) on the parameters of production and on the different diseases of the 

tomato. 

 

MATERIALS AND METHODS 

 

a. Biological material: 

The co-culture of the tomato (Solanum lycopersicum L.) of the Tiziri variety is associated with Datura 

stramonium L., it is carried out in intercropping, and the experiment is carried out on a plot of 140 m2, at the 

level of the High National School of Agronomy (ENSA). It is located at 20 km east of Algiers (Algeria) at 48 m 

altitude, in the sub-humid bioclimatic stage (rainfall: 630 mm) characterized by a mild Mediterranean climate 

and on a type clayey, sandy, silty soil that is permeable. 

 

B. Experimental methods: 

Planting of the two species (tomatoes and Datura) is carried out in April 2012, in 72 (6 cm x 12 cm) alveoli. 

After three weeks of cultivation, the plants are transplanted into the experimental plot, they are divided into 

three experimental units (UE), the interval between two UE, is 0.50 m each experimental unit is divided into 

micro-plots of 6m2 (3m X 2m) and spaced 2m each one from another. Each micro-plot corresponds to a 

treatment and contains five (05) lines spaced 0.60 m each one from another. The spacing between two plants is 

about 0.6m for both species. The fertilization is applied as soluble fertilizers during irrigation. The macro 

elements (N, P, K) are brought in equilibrium (15-15-15) with varying amounts depending on the stage of 

development of the crop. Maintenance of the crop was limited to the size of the auxiliary buds of the tomato, the 

removal of leaves from the base of the plants and the old leaves of both species, and manual weeding. No 

pesticides were used on the plots throughout the trial period. The measurements were carried out from the date 

of transplanting of the plants (Early May) to the end of the life cycle of the tomato (Early October), with regard 

to irrigation, the latter is carried out by the drop-by- drop. 

The experimental setup is carried out in total randomization with four treatments: T0: control (tomato only), 

T1: plant / plant (tomato / Datura), T2: line / line (tomato / Datura) and T3: Treatments is repeated three times. 

Each elementary plot is made up of a total of  25 plants. The measurements are made only on tomato plants to 

understand the influence of intercropping on the development of the latter. The parameters studied are: 

 

Estimated fruit losses: 

After fruit harvesting, the effectiveness of the treatments is judged by counting the total number of healthy 

fruit (TNHF) and the number of damaged fruits (NDF) by the insects. 

 

Inventory of different diseases on leaves: 

The different diseased plants are taken into account to know the different diseases and to classify them 

according to their origin (insect), two plants are sampled by row. 09 leaves per plant are carefully observed (3 

from the base, 3 in the middle and 3 at the apex). A total of 18 sheets per row and 54 sheets per micro-plot are 

162 sheets for each treatment. 

% Infestation = (Number of infested leaves / Total number of leaves) X 100 

 

Agronomic parameters: 
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Three production parameters were used to evaluate the response of the crop to the infill: (FW) the average 

fruit weight per treatment in (g) and (NFP) the average number of fruits per plant and finally the average size of 

the fruit per treatment (ASF). 

Statistical analysis: 

Data analysis is performed using the "Statgraphics" software (version 15.1.0.2). The variables studied are 

first subjected to an analysis of variance (ANOVA) to a classification criterion. If the ANOVA test is 

significant, the study is supplemented by the Student LSD test (Leat Significant Difference). At the 5% 

threshold when there is a significant difference, the graphs are made by using software stratigraphics version 

15.2.05 

 

RESULTS AND DISCUSSIONS 

 

It is recognized today that in the solanaceae there is production of secondary metabolites having a main role 

in the processes of defense of the plant [23]. There have been brought during evolution to respond actively to 

the attack of phytophagous plants [13].The protocol puts in place initially allowed to identify and quantify the 

diseases of the tomato cultivated in intercropping in the presence of D. stramonium in plain field. 

 

Estimated fruit losses: 

The loss of tomato fruits remains low for all applied treatments (tomatoes and Datura), and varied between 

5.88 and 3.88% compared to the control (Tomato only) which records a accumulation of loss of 29.86%. This 

fluctuation is certainly due to the presence of intercropping (Datura stramonium), which contributes effectively 

to the reduction of insect attacks and physiological diseases by reducing losses from 80.31 to 87, 01% for 

treatments T3 and T2 (Tab.1). 

 
Table 1: Percentage of fruit loss per treatment 

Treatments PN TNHF TNHF NDF L RLC 

T0 25 221 155 66 29,86 - 

T1 25 286 274 12 4,19 85,97 

T2 25 283 272 11 3,88 87.01 

T3 25 323 304 19 5,88 80,31 

PN: Plants’ numbers   TNF: Total number of fruit,   TNHF: Total number of healthy fruit,   NDF: Number of damage fruit,  L:  Loss (%)   
RLC: reduction of Loss Control (%) 

 

Fruit loss factors are mainly caused by insects showing higher proportions in the control plots (18.1%) 

compared to plots with Datura, these infestation rates remain low in the range of 1.4 to 3.4 % (Tab.2). These 

results are due to the presence of Datura stramonium at the treatment level. It is known that this species has 

trichomes that secrete toxic bimolecular that act on herbivorous insects [53, 64, 36, 14, 62, 37, 23]. A study by 

[59] on the role of these foliar trichomes in the defense mechanism against herbivores shows that the density of 

trichomes is an integral component of plant resistance to herbivores in most populations of Datura Stramonuim. 

 
Table 2: Impact of rejected harvest factors expressed as a percentage 

Treatments  total rejection on fruit 
b l o s s o m - e n d  r o t  

(%) 
blight 
(%) 

Insects   (%) 

T0 29,86 4,5 7,2 18,1 

T1 4,19 0.7 0,2 2,3 

T2 3,88 2,4 0,0 1,4 

T3 5,88 2,3 0,1 3,4 

 

So, this weak rate of the herbivors attack  on the culture supposrts the hypothesis that the foliar trichomes 

are the source of the limitation of the insects attack in the intercropping plots, thereby limiting the progress of 

cryptogamic deseases generally conveyed by these latters[43, 44, 60, 61,15]. 

The D. stramonium, like many other medicinal plants, shows a good tolerance and considerable insecticide 

and nematicidal activities [45, 11, 29, 21]. The Datura works like an insect repellent which protects plants from 

these potential pests [50] as well as Zanthoxylum alatum and Cannabis sativa that cause the reduction of gall 

nematode infestation Meloidogyne incognita. 

Concerning the apical rot (physiological disease) observed in the tomato, the most common assumption is 

that this rot is due to the lack of calcium partially, generally accented by water stress [9], outdoor culture and in 

summer period. In certain cases, other factors contribute in the rot induction such as the long sunlight periods 

and high temperatures [8]. 

However, the quantity of tomato downgraded by downy mildew is insignificant in the three treatments T1, 

T2 and T3. The first symptoms are reported by mid-June on the control plots, thereafter, downy mildew is 

stopped by the unfavorable dry conditions to its spread. 

http://www.linguee.fr/anglais-francais/traduction/blight.html
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Several studies have also reported the effect and efficiency of the Datura stramonium against different 

bacteria and fungi, to the example Myrothecium roridum, Alternaritenuis and Xanthomonas campestris 

malvacearum which attack cotton plants and also against fusarium oxysporum, fusarium mangiferae, rizoctonia 

solani [58]. Other authors note its efficiency against downy mildew phytophthora infestans by limiting its 

spread in the tomato fields [56]. Moreover, many authors have shown that the attack of phytophagous insects 

induces biochemical or physiological changes in the plants, the fact that has negative consequences on the 

feeding and growth of these herbivores and positive consequences on the plant fitness. 

 

Infestation rate by insect category on the tomato leaves: 

The inventoried insects reveal largely the existence of certain pests such us green aphids (Aphidae sp., 

Aphis sp.) and dipteral (Liriomysa sativa) and Lepidoptera as well (Tuta absoluta). The results of the tomato 

infestation rate are recorded in Tab. 3. 

 
Table 3: Infestation rate of different insect categories on the leaves 

Treatments Analysed leaves 
number   

 Infestation on the 
leaf (%) 

Green 
aphid (%)  

Tuta absoluta 
(%) 

Liriomysa 
sativae (%) 

Moths (%) 

T0 162 14,82 3,7 5,32 3.7 2.1 

T1 162 1.4 1.2 0 0.2 0 

T2 162 2.3 2.2 0 0.1 0 

T3 162 2.2 2.1 0 0.1 0 

 

The most recurring and most damaging insect attacks on tomatoes are related to suckers and Lepidoptera. 

Among the suckers, the aphids are present with a rate of 3.7%, the percentage of attack remains at this moment, 

their precedence causes deformations or even wrapped leaves on themselves, which hinders flowering. 

Lepidoptera are mainly moths such as Helicoverpa armigera which consumes fruit, causing low losses of 

tomatoes (2.1%) on the control. As for the Diptera Lirionyza sativae, their damage to the field is estimated at 

3.7%. On the other hand, the tomato leaf miner reports its precedence on leaves of the tomato alone, the Tuta 

absoluta at an infestation rate of the order of 5.32%; it remains a high rate compared to the other treatments 

from where Tuta Was not observed. It is known that Datura is a plant that produces secondary compounds 

usually these are alkaloids, the latter are produced in all parts of the plant at different rates, D. stramonuim 

shows a very toxic and anti-appetizing effect Against beetles [1]. 

Analyzes of the secondary metabolites scopolamine and hyoscyamine carried out on Datura stramonium on 

the same plots show that the average hyoscyamine (HS) content is higher than that of scopolamine (SC) with 

0.723 ± 0.11 mg g -1 and 0.277 ± 0.04 mg.g-1 MS [41], this rate of production of these alkaloids depends on 

several environmental factors, stage of plant, development and edaphic conditions, and environmental humidity 

[26, 7, 18], in particular phytophagous insects which are selection agents on these alkaloids [51]. Most alkaloids 

are important for the survival of the plants that produce them, since they contribute to their protection against 

herbivores and / or phytopathogenic microorganisms [22, 63]. During an attack or infection, for many plants, the 

secondary metabolism accelerates; the biosynthesis of new compounds (phytoalexins) takes place and the 

concentration of the already existing compounds increases [63]. Jasmonic acid is known as a cell signal that 

triggers the induction of secondary metabolites involved in defense against attack [16]. 

Many authors believe that there is a real co evolution between the production of secondary metabolites and 

insect attacks [6, 40, 54], this co evolution results in reduction in scopolamine and stabilization of hyoscyamine 

[54]. [20] Highlighted this phenomenon by showing that the consumption of potato leaves Solanum tuberosum 

by the larvae of the Colorado potato beetle Leptinotarsa decemlineata induces a rapid accumulation of protease 

inhibitors in the leaf of the plant. These allow to retard the growth of the phytophagous plants which ingests it 

[28, 48], which made it possible to improve the resistance of the plant against the pest [24, 47]. 

According to [13], the response of the plant to attacks can also be specific to the consumer species; the type 

of damage inflicted or even of the larval stage, attacking the plant. Substances present in the saliva of herbivores 

and brought into contact with plant cells during the feeding of the phytophagus explain the specificity of the 

response of plants to insects [38, 3]. 

 

Production Parameters: 

The harvest takes place over two months (beginning of August until the beginning of October). The 

analyzes of the variances of the studied parameters show highly significant effects for all the traits studied, this 

explains the positive effect of the co-culture (tomato and Datura) on each other. Tab. 5 shows that the 

production varies according to the treatments applied, except for the control which produces less than the other 

treatments according to the LSD test at the 5% threshold. 

 
Table 5: Production characteristics for each treatment 

Treatments NFP PF (g) FAC (mm) 

T0 09 ± 04,51b 411± 328c 67±10ab 
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T1 11  ± 04,18ab 596 ± 216ab 59±9,94b 

T2 11  ± 04,48ab 558± 188b 68±10,46a 

T3 12. ± 04,40a 688± 118a 64±9ab 

The letters next to the numbers represent the homogeneous groups. The values having different letters are statistically different at 5%. NFP: 
Average number of fruit per plant, PF: Fruit average weight, FAC: Fruit average caliber. 

 

The analysis of the variance of the production data reveals 02 homogeneous groups, concerning the average 

number of fruit per plant (NFP) and showing three homogeneous straddling groups, concerning the weight of 

fruit (PF) shows the precedence of two Homogeneous groups a and b. These last two characters express fairly 

well the production and the quality of the fruit for each treatment. Treatments T1 and T2 produce (596 g / plant 

and 558 g / plant respectively) for T3 treatment, it is of the order of 688 g / plant that occupies the first row, this 

parameter is markedly lower for the T0 control with 411 g / plant. In general, the analysis of the evolution of 

production has made it possible to demonstrate the effectiveness of the different treatments. 

Concerning the average number of fruits per plant, it is significant and falls into the yield components. The 

average number of fruits per plant varies according to the treatments. It is the lowest for T0 (09 fruits), it evolves 

similarly and intermediate for T1 and T2 (11 fruits per plant) and higher for T3 (12 fruits). Despite the low levels 

of damage, herbivorous insects decreases plant production, the analysis of variance shows a significant 

difference. For the average fruit size (CMF), the Tiziri variety has a large size with a value that exceeds 60% 

between 57 and 67 mm. There is a large difference in the size of the fruit. 

In general, the analysis of the evolution of production has made it possible to demonstrate the effectiveness 

of the different treatments. Thus, the highest yield is observed in the treated units (tomato and Datura) and 

lowest in the control plots (in the absence of Datura). Average fruit production per plant varies from one 

treatment to the next but remains higher compared to controls with clearly superior and well-bearing fruit sizes 

with no traces of disease on the latter. The rate of fruit loss remains much reduced for treatments (tomato and 

Datura). This difference is due to the improvement of the techniques of cultivation in the plots (regular irrigation 

and Fertilizer input). Indeed, the intercropping of tomatoes and Datura yields interesting results; they contain 

fewer weeds than the cultivation of tomatoes alone (the allopathic effect). Thus intercropping suppresses weeds 

by competition or allopathy [33, 27, 4]. In addition, several studies have shown that the ability to control weeds 

by a crop is very different (or variable) from one variety to another. This difference is partially explained by the 

ability of these crops to secrete chemicals that affect weed growth, namely allopathy [46, 4]. This practice can 

be particularly useful in organic farming, where herbicides are not an option [35]. We see that intercropping 

provides us with more flexibility. With more than one species at a time, in order to limit the risk of propagation 

of phytosanitary problems, several choices are possible in intercropping [33, 27], Datura can be particularly 

advantageous in combination with other crops (it is annual, with very high growth [58]; It is likely to have 

positive effects on soil quality improvement [33, 27]. Indeed, a study by Levitt and Lovett, 1984 on different 

soil types to show the allochemical activity of D. stramonium, Shows the positive effect of this plant on the 

increase of the resistance of the soil, it can affect the germination of the seeds and so delay it, or the 

development of the plants is inhibited [31, 4] The alkaloids present in Datura such as Tropanes including 

scopolamine and hyoscyamine were present in soil extract, both are at equal concentrations [34]. 

 

Conclusion: 

Tomato plants are green and healthy much longer; they are a little affected by disease. The fruits harvested 

are of excellent quality, round brilliant, good firmness and very well colored; it nonetheless has variability in the 

caliber: mostly (57 and 67mm) which make tomato fruit more attractive to the consumer. The intercropping 

technique allows the improvement of the quality of soil "biological quality of soil" [19] but also by reduction of 

the numerous populations of the pathogen with a good yield and an improvement of the quality of the fruit 

without use of chemical product. 

However, if chemical defense is costly, secondary metabolites should be closely regulated and strongly 

correlated with defense against insects [39, 54]. During an attack or infection, for many plants, the secondary 

metabolism accelerates; the biosynthesis of new compounds (phytoalexins) takes place and the concentration of 

the already existing compounds increases [30]. At low doses, tropical alkaloids may have important 

pharmaceutical applications: muscle relaxants, analgesics, tranquilizers and psychotropic drugs [24, 30]. For this 

purpose, intercropping offers the possibility of harvesting the Datura to be used for the production of secondary 

metabolites in pharmacology. This justifies the great potential to exploit alkaloids in Algeria provided that an 

adequate research approach is implemented, including an inventory, characterization and valorization of 

potentially interesting species [42]. 
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