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Pollination system and effective pollinators of Argania spinosa (L. Skeels)
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This work deals with Argania spinosa breeding system and its associated pollinators in two different sites located in Souss valley. The main objective of this work was to study the effect of three pollination treatments on the percentage of fruit set of argane tree as well as to determine its potential pollinators. To study the breeding system, three treatments were applied for buds flowers. The first treatment is an open pollination for insects and wind, the second one concerns only wind pollination, and the third one is a self-pollination. On other hand, flower visitors were assessed to evaluate their frequency (F) and their activity rate (AR) which were exploited to calculate index of visitation rate (IVR=F×AR) for each visitors. Pollen loads were also counted for the main pollinators as well as their foraging behavior. A highly significant fruit set was obtained from insect open pollination compared to the other treatments (p<0.001). It ensures up to 88.05 % of fruit set. However, 7.94 % and 4.01 % of fruit set were obtained from wind pollination and self pollination respectively. Forty three species visit argane flowers at both sites (43 insects visitors in Belfaa vs 38 in Azrarag).

Highly significant frequency for Hymenoptera was recorded in Azrarag 53.2% than Belfaa (25.4%). On the other hand, a highly significant frequency for Diptera was recorded in Belfaa (61.9 %) than Azrarag (36 %). However, no significant difference was recorded for Coleoptera frequency in both sites (P=0.08). Based on pollen loads and IVR, Apis mellifera, Halictidae bees, and Syrphidae species were the most pollinators for argane tree. IVR computed for A. mellifera and their pollen loads were highly significant compared to other visitors. Breeding system of argane tree is closely dependent on insect pollination.

Management of argane forest and the argane orchards should be designed to increase and preserve insects community.

Introduction

Argania spinosa is an endemic tree in Morocco. The argane forest has been declared as Biosphere Reserve in 1998. Argane tree has an essential role in the ecology, economy, and social relations of the local communities [START_REF] Belyazid | Achieving sustainability in the Argan Forest, Morocco[END_REF]. The agro-sylvo-pastoral system in this biosphere reserve is based on four major productions: goat, barley, wood and argane oil [START_REF] Bourbouze | L'élevage caprin dans l'arganeraie: l'utilisation conflictuelle d'un espace[END_REF]. In spite of their ecological and socio-economic importance, argane tree pollination system is poorly investigated. The preliminary study conducted by [START_REF] Mouhaddab | Breeding system and dissemination of pollen in the argan tree (Argania spinosa (l) skeels)[END_REF] states that argane is self-incompatible. Self-incompatible plants present high dependence on pollinators for sexual reproduction (Richard, 1997).

Consequently, there is a lack of information as regards the rate of each pollination type on fruits set and their eventual associated pollinators. According to [START_REF] Kevan | Pollinators as bioindicators of the state of the environment: species, activity and diversity[END_REF], pollination is a pivotal process in almost all productive terrestrial ecosystems including those dominated by agriculture because they are in the front line of sustainable productivity through plant reproduction. Many studies link the importance of pollination (and other mutualisms) to plant conservation [START_REF] Kearns | Endangered mutualisms: the conservation of plant-pollinator interactions[END_REF][START_REF] Spira | Plant-pollinator interactions: a threatened mutualism with implications for the ecology and management of rare plants[END_REF][START_REF] Gascoigne | Dangerously few liaisons: a review of mate-finding Allee effects[END_REF][START_REF] Watts | The endangered Iris atropurpurea (Iridaceae) in Israel: honey-bees,night-sheltering male bees and female solitary bees as pollinators[END_REF][START_REF] Barber | How do belowground organisms influence plantpollinator interactions?[END_REF][START_REF] Bailey | Reproductive strategies matter for rare plant conservation: pollination, phenology, and mating in an endemic plant of the sky islands of arizona, Erigeron lemmonii a. gray (lemmon's fleabane) (asteraceae)[END_REF]. Argane is a monoecious species whose flowers, small and hermaphroditic, occur either single or grouped (inflorescence of glomerul type) on the axils of the leaves of shoots or the nodes of mature wood [START_REF] Perrot | Le karité, l'argan et quelques autres sapotacées à graines grasses de I' Afrique[END_REF][START_REF] Benlahbil | At what phenological phase is the stigma of argan (Argania spinosa (l.) skeels) flower receptive to pollen adhesion and germination? for[END_REF]. The number of glomerule and the number of flowers per glomerule depends on rainfall and temperatures recorded during the flowering year [START_REF] Bani-Aameur | Phenological phases of Argania spinosa (l. skeels) flower[END_REF][START_REF] Bani-Aameur | Variation of pollen grain size, fertility and pore number in Argania spinosa (l.) skeels (sapotaceae)[END_REF]. The flowering peak occurred during March-April for the most Argane trees [START_REF] Benlahbil | Pollinisation naturelle et artificielle de l'arganier (Argania spinosa (L.) Skeels)[END_REF]. According to [START_REF] Gallai | Economic valuation of the vulnerability of world agriculture confronted with pollinator decline[END_REF] the worldwide economic value of insect pollination was €153 billion, the same study reported that insect pollination economic value in North Africa is € 4.2 milliard [START_REF] Gallai | Economic valuation of the vulnerability of world agriculture confronted with pollinator decline[END_REF]. Bees are the dominant taxon providing crop pollination services, but birds, bats, moths, flies and other insects can also be important [START_REF] Elmqvist | Biodiversity, ecosystems and ecosystem services[END_REF]. Apis mellifera is the most frequent floral visitor in natural habitats worldwide [START_REF] Hung | The worldwide importance of honey bees as pollinators in natural habitats[END_REF]. In addition, A. mellifera is considered the most frequently used pollinator for the vast majority of the agriculture crops that require insect pollination [START_REF] Mcgregor | Insect pollination of cultivated crop plants[END_REF][START_REF] Free | Insect pollination of crops[END_REF].

This study focused on two main objectives. The first objective is to study argane breeding system by comparing the different rates contributed by insect pollination, self-pollination and wind pollination on argane fruits set. The second objective is to assess the argane flower insects visitors and their identification as well as assessment of visitors frequency (F), their activity rate (AR), their index of visitation rate (IVR) and argane pollen loads by the main visitors were computed in order to determine the potential pollinators of A. spinosa.

Materials and Methods

Study sites

This work has been conducted in two argane tree sites in the South-west of Morocco (figure 1). The first site is an argane orchard at experimental farm of National Institute for Agronomic Research (INRA) located in Belfaa (30.0434N, -9.55635W). This orchard (2 Ha) has been planted in 2010 as an experiment of argane tree domestication at a density of 150 trees/hectare. The argane trees height is ranged from 3 to 5 meters. The drip irrigation and organic manures were applied as needed. The second site belongs to argane forest located in the Azrarag argane forest (30.47915N, -9.47609W) and the trees size is ranging from 2 to 6 meters. In this site, argane is a source of income for the local population. The extracted almonds from argane fruits may be sold directly or used for oil extraction and its derivative products are sold locally or exported.

Pollination treatment

To evaluate the effect of wind, insects, as well as the rate of self-pollination on A. spinosa, three treatments were applied in a randomized complete block design (RCBD) for buds flowers for eleven trees during spring 2018. The first treatment is an open pollination to insects and wind. The second treatment concerns only wind pollination; buds flowers were bagged before anthesis with fine-mesh nylon material (width 250 µm) that excluded insects but allowed access to airborne pollen whose size varied from 17 to 32 µm [START_REF] Bani-Aameur | Variation of pollen grain size, fertility and pore number in Argania spinosa (l.) skeels (sapotaceae)[END_REF]. The third one is a self pollination in which buds flowers were enclosed in paper bags to stop external pollen. Nine shoots of an average size of 30 cm were selected from each tree.

Three replicates of each treatment were applied to the selected shoots containing 30 glomerules for each studied tree (n=33; three replicates × 11 trees).The number of fruits set was checked periodically for each tree and treatment.

Pollinators data collection and samples

Data collection and samples were occurred on sunny and warm days (Temperature ranged from 23 to 28 °C) with little or no wind in April and May during two consecutive years (2018 & 2019). In both study sites, eight trees within 3m of high average at a blossom peak were randomly selected. Each tree was observed during 15 minutes; thus, arrival and departure of insect-visiting flowers were recorded between 9.00 AM and 1.00 PM. Each site was visited four days. Data of 32 observations (observation during 15minutes/tree) were registered in each site. Codes were attributing for the unknown species on the field. In order to assess pollen loads and identification of pollinator species, insects were captured using sweep net and mouth aspirator. Trapped insects were immediately transferred to laboratory and preserved in ethanol 70 %. Unknown species were mounted and identified using stereo-microscope and specific keys to species or genus level in the Entomological Laboratory of Integrated Crop Production Unit (INRA, Agadir, Morocco). Additional samples were done to calculate Activity Rate (AR) which is the number of flowers visited per minute by visitors (we recorded number of flowers visited per minutes for at least twenty individuals of each species). Handling time was also calculated for each visitor (time spent for foraging a single flower was registered for each species (n=20), and percentage frequency (F) of each visitor was calculated as mean number of each species relative to the total number of visitors in each study site (× 100). In order to determine the potential pollinators, an index of activity rate was calculated using AR and F (IVR= F×AR) according to [START_REF] Albano | Floral visitors, their frequency, activity rate and index of visitation rate in the strawberry fields of Ribatejo, Portugal: selection of potential pollinators Part 1[END_REF] and [START_REF] Talavera | Pollinator Attendance and Reproductive Success in Cistus libanotis L. (Cistaceae)[END_REF]. On the other hand, the main visitors were tracked for at least three minutes to assess their behavior on argane flower (pollen and/or Nectar feed, foraging behaviors). Loaded pollen was extracted from pollinators according to the methodology adapted by Moisan-Deserres et al. ( 2014) and [START_REF] Scott | Native bee diversity and pollen foraging specificity in cultivated highbush Blueberry (Ericaceae: Vaccinium corymbosum) in Rhode Island[END_REF]. The specimen entire body (except scopa of bees) was placed into tubes containing 10 ml of 70% ethanol, the tubes were then vortexed for 30 seconds, and centrifuged at 3000 rpm for 12 minutes. The pellets obtained were dried at 40°C. One ml of distilled water containing 0.5% of Tween 20 was added to dried pellets. Pollen counting was done by adding 10µl on hemacytometer under microscope.

Data analysis

Statistical analyses were performed using the Statistica 6.0 software (StatSoft 2004). The analyzed parameters were argane fruit set resulted from each pollination treatment, the visitation rate index (IVR), percentage frequency of visitors, and pollen loads. Obtained data were subjected to One-way ANOVA test at p<0.05 for each taxon comparing the both studied sites separately. If significant differences were found, the parameters means values were then compared using Tukey's HSD post hoc at 95% confidence limit.

Results

Pollination mode

The fruit process monitoring allowed us to obtain results for the three treatments for each tree. The statistical analysis of the results by ANOVA one factor without taking into account the heterogeneity of the trees shows a high significant difference between open pollination and the two other treatments (n=33, p<0,0001), however, there is no significant difference between wind and self pollination (n=33, p>0,05) (figure 2). In addition, entomophilous is the most dominating mode in A. spinosa pollination. In this case, 88.05 % of the fruits set were provided by this mode. The anemophily comes in second place, which participated by 7.94 % on the fruits set. However, self-pollination provides 4.01 % of the fruit set (Figure 3). The results obtained were exploited to highlight the eventual effect of the three pollination treatments on fruit set for the each studied tree. The result of this analysis shows that seven trees (T1, T3, T6, T7, T8, T10, and T11) showed a very highly significant difference between open pollination and the two others. On the other hand, no significant difference was recorded for the other four trees (T2, T4, T5, and T9), did not show any significant difference between the three pollination treatments (Figure 4).

Argane flower visitors

Argane flower attracted a large spectrum of insect visitors. In total, forty three species from Hymenoptera, Diptera, Coleoptera, Lepidoptera and Hemiptera visit argane flower in both sites. Forty three visitors were recorded in Belfaa orchard vs 38 visitors in Azrarag forest. Diptera was the most abundant group in Belfaa within a frequency of 61.9 % followed by Hymenoptera (25.4%), however, Coleoptera and Lepidoptera were less abundant and their frequencies are 9.2% and 3.5% respectively. On the other hand, Hymenoptera were the most abundant taxon in Azrarag argane forest they represent 53.2% of total visitors, followed by Diptera (36 %), while the last row is occupied by beetles (12.1%). No Lepidoptera have been recorded in this site. The frequencies computed for each order in both sites were subjected to ANOVA factorial test at 95 % confidence limit (P≤0.05). Therefore, Hymenoptera frequency recorded in Azrarag forest is highly significant than frequency recorded in Belfaa orchard (p<0.00001). Diptera frequency recorded in Belfaa orchard was highly significant (61.9 %) vs (36 %) in Azrarag forest (p<0.00001). However, no significant difference was recorded for Coleoptera frequency in both sites (P=0.08) (figure 5). Diptera were the most diversified visitors, it was represented by twenty two species belonging to thirteen families. Syrphidae and Calliphoridae were the high diversified families represented by five and four species respectively. Hymenoptera was the second important group, represented by eleven species belonging to 7 families. Four species belonging to Halictidae, two Apidae (Apis mellifera and Bombus terrestris), one Braconidae (Psyttalia concolor), and four ants (Formicidae) belonging to three subfamilies. However, Coleoptera and Lepidoptera were less abundant and diversified visitors. Seven species of Coleoptera were recorded in both sites, and only one species of Lepidoptera (Amatta alicia) was registered in Belfaa (table1).

Activity rate, visitation rate index.

Activity rate means the number of flower visited by each taxon during one minute. A high activity rate was computed only for visitors belonging to Apidae, Halictidae and Syrphidae.

Therefore, the highest AR was computed for A. mellifera (9.50±1.79). The AR computed for Halictidae bees ranged from 3.70±1.21 computed for Nomioides sp. to (6.10±1.21) for Lasioglosum sp1. Among Diptera, the high AR was computed for Syrphidae. Within Syrphidae family, the high AR was computed for Eristalis tenax (6.10 ±1.33), and the low value was computed for Eristalinus taeniops (4.85 ±1.31). However, the AR recorded for the other Diptera visitors was low. On the other hand, all coleopteran visitors had a very low AR (<0.1). The activity rate recorded by Amatta alicia the only Lepidoptera visitors was relatively low (2.15 ±1.09). Visitation rate index is a result of multiplication of two parameters (percentage frequency of each visitor and their activity rate). The high IVR was computed for hymenoptera order. The highest IVR was computed for A. mellifera (Apidae) in Azrarag Argane forest (244.41±41.14) and in Belfaa orchard (139.39±11.47). Comparing IVR computed for hymenoptera species in both sites, a significant difference was found for A. mellifera (P<0.01), Lasioglosum sp1 (P<0.00001) and for Lasioglosum sp2 (P<0.001).

However, no significant difference was found for Nomioides sp. (figure 6). Among Diptera, the highest IVR was computed for Eristalis tenax in Azrarag forest (23.59±0.99), and for Eristalinus taeniops in Belfaa orchard (17.09±3.12) (Table 1). Comparing IVR computed for the main Diptera visitors, a significant difference was reported between two sites for E. tenax (P<0.01), E. taeniops (P<0.01), and for Lucilia sp. (P<0.01). Yet, no significant difference was observed for the other Syrphidae (figure 7). On the other hand, a low IVR was computed for the other Diptera as well as for beetles in both sites. Their IVR doesn't exceed 0.5 (table1).

Visitors behavior foraging

Most insect visitors start their foraging activity early during warm days. During foggy and cold mornings foraging activity decreases for several species, as soon as the sun reappears, the visitors restarts the normal activity. Hymenoptera were the most active visitors, their visit consist on short foraging which alternated between flower foraging and flying moment for researching further flower. Except A. mellifera that visit argane fruits probably for harvesting the resin, the other hymenopterans visit only flower. In general a short handling time was recorded for hymenopterans visitors, and the shortest handling time was registered for A. mellifera (6.4 s ± 3.4), while, the longest was recorded for Nominoides sp. (20.4 ± 5.3) (table 1). After visiting a few flowers on the same argane tree that rarely exceeds 10 flowers, Halictidae and A. mellifera leave the tree to forage flowers of another argane tree. Except ants that collecting only nectar, several Hymenopterans visitors, foraged for collecting pollen and nectar. Tapinoma magnum, generally nesting under trees is very abundant; a long thread of workers was observed on some trees. However, Camponotus brullei, Camponotus sp. and Pheidole pallidula are less abundant. Unlike Hymenoptera, Diptera (except Syrphidae) visitors spend a long time on the same tree. Their foraging activity is discontinued, their flower foraging is alternated with a rest period on the leaf or the stem, during this rest the individual may stand still or make mating parry movements. Among Diptera, handling time is varied according to the species, thus, a short handling time was recorded for species belonging to Calliphoridae, Tachinidae, Syrphidae. However, a longest handling time was recorded computed for Rhiniidae (21.4 s ± 17.9 s) (table1). All beetles collected on argane flower are pollen feeders. They were less active, rarely showed on flight action, once installed on the flower; they start to feed on pollen. Therefore, Beetles handling time is very longue, it exceeds 120 s for Mordella bipunctata, Rhagonycha sp., Attalus sp. and Bruchidius sp., and more than 180 s for Calathus sp., Anthrenus sp., and Oxythera funesta. The only Lepidoptera species, Amatta alicia collected on argane flowers spent a long time on the same tree (more than 15 minutes), their movement consists on slow movement between the branches of the same tree. Open dish and emerged pistil of flower during bloom period allows for all visitors to contact the stigma and anthers whatever the shape and size of their body. Except for Diptera mating competition, no competition between other pollinators was shown.

Pollen loads.

Pollen loads were varied between argane flower visitors. The highest number of argane pollen was carried by A. mellifera (29689±10035) followed by Halictidae bees; Lasioglusum sp2 (11167±2020) and Lasioglusum sp1 (10833±1258), while the third position was occupied by hoverflies E. tenax (10500±1500) and E. taeniops (8000±1000). On the other hand, Ants species as well as the several Diptera visitors and Hemiptera were poor pollen loads. The main beetle's visitors Anthrenus sp. and calathus sp. were loaded a high number of argane pollen then other Coleoptera, their pollen loads were 1044 and 6600 respectively (figure 8). A. mellifera carried a highly significant number of argane pollen than the other visitors (p<0.0001) (figure 8).

Discussion

Open pollination treatment showed the importance of insect on A. spinosa pollination system. Our field experiments shows that 88.05 % of fruits set were obtained from insect pollination, vs 7.94 % from anemophilous pollination and 4.01 % from self pollination. The obtained results showed that A. spinosa is an outcrossing and self incompatible species.

Outcomes from our pollination experiments survey coincide with finding of [START_REF] Mouhaddab | Breeding system and dissemination of pollen in the argan tree (Argania spinosa (l) skeels)[END_REF] study. Self incompatibility mechanism of A. spinosa not studied yet and therefore, no data are available for now. [START_REF] Nerd | Phenology, breeding system and fruit development of Argan [Argania spinosa, Sapotaceae] cultivated in Israel[END_REF] study states that some degree of postzygotic discrimination probably occurs on argane. In contrast, [START_REF] Benlahbil | Duration of blossoming, longevity of argan flower and assessment of pollen fertility by staining[END_REF] reports a very low germination rate of pollen grains per stigma after self pollination, as well as a low rate of pollen tubes traveled 100% of the style length, as a result, self incompatibility barriers occur in stigma and style. Low fruits set obtained from wind pollination treatments may explained by limited pollen spread by wind. Previous studies indicate that argane pollens spread over a short distance under the wind action [START_REF] Nerd | Phenology, breeding system and fruit development of Argan [Argania spinosa, Sapotaceae] cultivated in Israel[END_REF][START_REF] Mouhaddab | Breeding system and dissemination of pollen in the argan tree (Argania spinosa (l) skeels)[END_REF]).

Argane's flower are small with no attractive color-greenish to yellowish-despite this characters, the spectrum of Argane's flowers visitors is quite large, including members from four orders; Diptera, Hymenoptera, Coleoptera, and Lepidoptera. Some factors such as the high number of flowers, the availability and accessibility of pollen and nectar, as well as unspecialized flower traits and probably the soft scent emitted by these small flowers may allowed to attract this wide spectrum of visitors. Dipetra foraged on argane flower were the most diversified visitors in both studied sites and most abundant in Belfaa site. [START_REF] Inouye | Flies and flowers III: ecology of foraging and pollination[END_REF] study reported that Diptera are the most common visitors to flowers from a variety of plant families. Pollen and nectar were the main reward to argane flower visitors. Our field observations allowed to determine each visitors rewards. Therefore, all coleopteran feeds on pollen, except Calathus sp. that feed on petal too. Several hymenoptera visitors' rewards are Pollen and nectar. However, Lepidoptera and several Diptera foraged for nectar (table1).

According to [START_REF] Kevan | Pollinators as bioindicators of the state of the environment: species, activity and diversity[END_REF] Pollen provides protein, lipid, carbohydrate, vitamins and minerals in various amounts depending on the plant species. Nectar is mostly a sugary solution and provides energy for locomotion, mostly flight. Argane flower are hermaphrodite, therefore whatever the purpose of visit (pollen and/or nectar feed) the visitors may touch both anthers and the stigma. Therefore, pollinator efficiency is determined by its IVR that reflect activity forager and frequency of visitor and pollen load. Due to their very low activity rate (<0.1) as well as the low frequency for several species, IVR computed for all visitors among Coleoptera group was very low, furthermore, all members of this group remain in the same flower for a long period (high handling time). Despite their relatively high frequency Anthrenus sp. showed a low IVR. Therefore, Coleopterans pollination effectiveness on argane is very low. The same finding was reported elsewhere studying pollination of other plants [START_REF] Albano | Floral visitors, their frequency, activity rate and index of visitation rate in the strawberry fields of Ribatejo, Portugal: selection of potential pollinators Part 1[END_REF][START_REF] Talavera | Pollinator Attendance and Reproductive Success in Cistus libanotis L. (Cistaceae)[END_REF][START_REF] Li | Breeding system and pollination biology of Paeonia delavayi (peaoniaceae), an endangered plant in the southwest of China[END_REF][START_REF] Adgaba | Pollination biology and spatio-temporal structuring of some major acacia species (leguminosae) of the arabian peninsula[END_REF]. Moreover, [START_REF] Proctor | The natural history of pollination[END_REF] show that beetles are poor pollinators, more often behaving as pollen feeder's but occasionally accidental pollinators. Due to their low frequency as well as their low AR, the IVR computed for A. alicia was low. Therefore it can't gather with potential pollinators of Argane. In both sites, A. mellifera was the most frequent argane flower visitors, its IVR was highly significant compared to other visitors. Its high IVR resulted in high AR and frequency (F). The high AR computed for A. mellifera, may explained by its forager behavior ability and its short handling time. According to [START_REF] Eckert | The relationship between population size, amount of brood, and individual foraging behaviour in the honey bee, Apis mellifera[END_REF] individual foragers from high brood colonies collected larger pollen loads and nectar load, as well as the longer foraging trips. Moreover, Beekman and Ratnieks (2000) found a mean foraging distance of 5.5 km during August. On the other hand, the argane flower high abundance while minimizing the time needed to find further flower. [START_REF] Abou-Shaara | The foraging behaviour of honey bees, Apis mellifera: a review[END_REF] states that the availability of suitable plant resources has a great impact on foraging activity, and forager bees have a preference for some resources over others. At ambient temperatures of about 20 °C, the highest activity was recorded [START_REF] Tan | Differences in foraging and broodnest temperature in the honey bees Apis cerana and A. mellifera[END_REF]. A. mellifera was reported as the most important pollinator across the natural systems studies [START_REF] Hung | The worldwide importance of honey bees as pollinators in natural habitats[END_REF], as well as, the most pollinator used in managed pollination [START_REF] Mcgregor | Insect pollination of cultivated crop plants[END_REF][START_REF] Free | Insect pollination of crops[END_REF][START_REF] Klein | Importance of crop pollinators in changing landscapes for world crops[END_REF].

Due to their relatively high AR and their frequency, the two Lasioglosum bees showed the second high IVR in Azrarag Argane forest. Except, Nominoides sp. and Halictus sp., frequency recorded for other bees including A. mellifera in Azrarag which is a natural argane forest were highly significant then Belfaa orchard. This difference may explained either by the negative effect of intensive agriculture occurred in Belfaa region, which known have a negative impact on pollinator diversity and abundance (Klein et al., 2003a;2003b), or by the effect of pollinators competition attraction between the plants having the same period of blooming as the argane tree (orange, cactus, annual herbaceous plants). According to previous researches, plants with similar flowering period may serve as competing pollinators [START_REF] Motten | Pollination ecology of the spring wildflower community of a temperate deciduous forest[END_REF][START_REF] Campbell | The mechanism of competition for pollination between 2 forest herbs[END_REF]. Bombus terrestris and Halictus sp. are rather accidental visitors due to their discontinued foraging activity. Despite a high abundance observed for some ant species (e.g Tapinoma magnum), the ants observed on argane flower are not pollinators. Their examination under stereomicroscope show that they are few pollen loaded (<10 pollen). Furthermore, their limited movement is limiting factor for pollination as state Proctor and Yeo (1972). Ant pollination was documented and known as rare pollinators. According to [START_REF] Claessens | Ant pollination of Dactylorhiza viridis[END_REF] there are less than 20 cases known of ant pollination, and only some plant with special traits may be pollinated (e.g [START_REF] Peakall | The significance of ant and plant traits for ant pollination in Leporella fimbriata[END_REF]. In addition, ant's metapleural glands secretions affect pollen viability [START_REF] Beattie | Ant inhibition of pollen function: a possible reason why ant pollination is rare[END_REF]1985;[START_REF] Hull | Adverse effects on pollen exposed to Atta texana and other North American ants: implications for ant pollination[END_REF][START_REF] Wagner | Pollen viability reduction as a potential cost of ant association for Acacia constricta (Fabaceae)[END_REF][START_REF] Galen | Ants in your plants: effects of nectar thieves on pollen fertility and seed-siring capacity in the alpine wild flower, Polemonium viscosum[END_REF][START_REF] Dutton | Why ant pollination is rare: new evidence and implications of the antibiotic hypothesis[END_REF]. Among Dipetra visitors, the highest IVR was computed for Syrphidae followed by Calliphoridae and Muscidae. Syrphidae were reported as the most significant anthophilous Diptera [START_REF] Jauker | Hover flies are efficient pollinators of oilseed rape[END_REF]. The highest IVR was computed for E. tenax (IVR(Azrarag/Belfaa)=23.59±0.99/15.67±3.92), followed by E. taeniops (IVR(Azrarag/Belfaa) = 3,52±0,64/17.09±3.12). E. tenax has been reported as an efficient pollinator [START_REF] Solomon | Pollination by the syrphid fly, Eristalis tenax[END_REF][START_REF] Talavera | Pollinator Attendance and Reproductive Success in Cistus libanotis L. (Cistaceae)[END_REF]). Due to their low frequency in both sites Simosyrphus aegyptius had a lower IVR. For other Diptera, their low visitation index is due either to their lower visit rate and their low frequency. As a result, the lowest IVR was computed for species within lower AR; Rhiniidae (IVR(Azrarag/Belfaa)=0.10±0.08/0.26±0.06), Bombyliidae (IVR=0.25±0.07/0.24±0.03), Bibionidae (IVR=0.0/0.09±0.02), Stratiomyidae (IVR=0.16±0.12/0.18±0.05) and Tephritidae (IVR=0.26±0.10/0.37±0.11). Lower foraging rate is reported for Diptera because of their greater handling time [START_REF] Herrera | Pollinator abundance, morphology, and flower visitation rate: analysis of the "quantity" component in a plant-pollinator system[END_REF][START_REF] Kearns | Pistil-packing flies[END_REF].

Based on IVR and pollen load, the most potential pollinators for A. spinosa can be classified in terms of their decreasing importance as follow, honey bees (A. mellifera), wild bees Halictidae (Lasioglosum sp1 and Lasioglusum sp2), hoverfly (E. tenax, E. taeniops and Eristalis sp.) and Calliphoridae (Lucilia sp.).

Conclusion

This study highlights the breeding system of A. spinosa, as well as the rate of each type of pollination on fruit set. The main outcome of this study was the importance of entomophilous pollination for argane tree, as well as, the establishment of a list of their associated visitors and their potential pollinators. These results constituted important tools that can contribute to maintain argane endemic population while preserving their genetic diversity, as well as to increasing yield and quality of oil through pollination management.
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Table1: Argan flower visitors, and their mean (± SD) of activity rate (AR), handling time, Frequency Percentage (F) and Index of Visitation Rate (IVR) recorded in Belfaa orchard and Azrarag forest. --------N/P 0.00 ±0.00 ----