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Introduction

Anthurium is the second tropical cut flower cultiva ted in the world, just after the orchid group. The spe cies Anthurium andreanum Lind. was discovered in 1876, during an expedition in the west of the Andes forests, by the French botanist Edouard Andre. The plant is well-adapted to tropical conditions and, as it naturally grows under forest canopy, it is a shade plant [START_REF] Higaki | -Anthurium culture in Hawai'i. -University of Hawai'i[END_REF]. Anthurium was traditionally grown in tropical countries under natural shade, made with forest or banana plantations. The main disadvan tages of natural shade are light heterogeneity, risk of flower damage because of leaf or branch fall, and the possibility for parasites to be harbored in the canopy. For these reasons, cultivation under artificial shelter, associated with soilless systems, has been developed over the last ten years.

In temperate countries, the low light intensity (approximately 3.5 mol.m-2 day•1 of PAR outside the greenhouse in winter) can increase phyllochron and flower bud abortions during winter [START_REF] Leffring | Influence of climatic conditions on growth and flower yield of Anthurium andreanum[END_REF][START_REF] Klapwijk | Development rate, flower growth and production of Anthurium[END_REF]. The situation is dif ferent under tropical conditions, where the light inten sity is always too high (minimum 27 mol.m• 2 .day• 1 ) for anthurium development [START_REF] Dufour | Elaboration du rendement en fleur coupee de l' Anthurium andreanum cultive hors sol et sous abri en milieu tropical[END_REF]. In these conditions, the shade level has an influence on plant growth and development. Boula et al., [START_REF] Henny R | Response of Anthurium 'Lady lane' TM liners to diff erent light and fertilizer levels[END_REF], [START_REF] Kuruppu | Response of Anthurium andreanum Lindl. to diff erent shade levels in Sri Lanka[END_REF] showed that the number of flowers increases with light intensity. For example, in a Boula et al. (1973) experi ment, the production went up from 4.1 flowers per plant with 50% shade to 5.3 with 25% shade. Poole and Me [START_REF] Poole R | -Effects of shade levels and fertilization on flowering of Anthurium andreanum 'Nitta' and 'Kaumana[END_REF] did not observe this result: they noticed leaf chlorosis and spathe color breakdown caused by excess light (light intensity values are not indicated in the article). All these authors found an increase in peduncle length with a decrease in light intensity. Boula et al. (1973) observed an increase in leaf size when the light intensity decreased.

These phenomena can be linked to different phy siological mechanisms: (i) photosynthesis, (ii) pho toinhibition, (iii) photomorphogenesis. The light corn-pensation point is the irradiance at which photosynthe sis just balances respiration for C0 2 exchanges. The light saturation irradiance is the point above which photosynthesis no longer increases. For shade plants these two points are very low. Damage related to pho toinhibition occurs when the light level is above the light saturation point [START_REF] Salisbury | Plant Physiology.-Fourth Edition[END_REF]. The photomorphogenesis response is connected to light quality, especially with the red/far-red ratio and with blue radiation [START_REF] Varlet-Grancher C | Spectral modification of light within plant canopies: how to quantify its effects on the architecture of the plant stand[END_REF].

The aim of this study was to quantify the effects of different light intensities on the plant growth, develop ment, yield and flower quality. The photosynthesis response of the plant to different radiation levels gives information on the physiological adaptation of the plant to its environment.

Materials and Methods

Plant materials and cultivation conditions

The experiment took place at the Duclos experi mental station of INRA Antilles -Guyane (16.l2°N, 61.40°W, 110 m a.s.l.). The environment is characteri zed by a warm humid tropical climate (annual average temperature: 24.6°C, rainfall: 2,800 mm and PAR values from 27 mol.m-2 day-1 to 41 mol.m-2 day-1).

Tissue-cultured plantlets of Anthurium andreanum 'Cancan' (Anthura B.V. variety) were settled in 2.5-1 pots filled with a substrate consisting of 1:2 (vol:vol) of composted and disinfected wood chips and 5-15 mm pouzzolane (local volcanic gravel). At the settle ment, the plantlets measured 8-10 cm from the base to the tip of the largest leaf. One year after planting, the plants were repotted into 5-l pots, with the same sub strate.

The nutrient solution was automatically supplied by trickle irrigation. Each plant received approximately 130 ml of nutrient solution per day for one and a half years, then 200 ml thereafter.

The average composition of the solution was: Macronutrients (mg/1): N-N03: 80; N-NH4: 21; P: 37; K: 117; Ca: 94; Mg: 30; Micronutrients (mg/1): Zn: 0.2; Mn: 0.5; Cu: 0.06; B: 0.3; Mo: 0.2; Fe: 0.7; pH value was 5.9 and E.C. value was 1.2 mS.cm-1•

The pots were placed in three shadehouses, all cove red with a plastic sheet, but with different shade nets producing different light levels (Table 1).

The chosen shade nets were those growers usually put on their greenhouses, in order to obtain a PAR gra dient.

In shadehouse 1, four replications of ten plants each were observed. In shadehouse 2, ten plants were obser ved. In shadehouse 3, six plants per treatment were observed. They were put in this shadehouse nine months after the others; previously they had been in shadehouse 1.

Flowers were weekly harvested and, from approxi mately one year after planting, the oldest leaves were cut, at the same time as harvest, leaving only four adult leaves on each plant.

Plant growth measurements

Every week, the youngest leaf and the growing or harvested flower (if present) were measured: petiole and blade length, blade width, peduncle, spathe and spadix length, spathe width. The plants' growth and develop ment were observed for two and a half years, from day 50 to day 900 after planting in shadehouses 1 and 2 (Table 1). In shadehouse 3, the measurements were taken from day 240 to day 900 after planting.

Climatic parameter measurements

A meteorological station located at the Duclos station gave the climatic parameter values outside the greenhou ses. Moreover, instantaneous climatic data (temperature, light intensity, relative humidity) were collected alterna tely in each greenhouse by sensors connected to a data logger. These data allowed establishment of the charac teristics of the different treatments and to express time as day-degree sums with a threshold of 14°C [START_REF] Van Herk | Cultivation guide Anthurium[END_REF]. Once during the experiment, the red/far red ratio was measured inside and outside the greenhouses with a SKYE radiation quality sensor. This ratio is weakly modified by the shade net (Table 2). 

Net photosynthesis measurements

Net photosynthesis (Pn) was measured with an infrared gas analyzer (CIR AS -PP System Hertz, England) that determines the C0 2 rate variations in a chamber holding 2.5 cm 2 of leaf. Pn was measured approximately two years after planting on the four lea ves of plants grown with different light levels. Natural or controlled light were used and some measurements were conducted on different parts of a leaf. The con trolled light was applied at different PAR levels, using the lamp included in the chamber only during the pho tosynthesis recording.

Results

Influence of shade level on plant growth and develop ment

Anthurium plantlet growth begins with a juvenile phase during which no flower is produced. The dura tion of this phase was modified by shade level: accu mulated day degrees with a threshold of l4°C, from planting to first flowering, were 3556 ± 359°C (5% level) with a daily PAR of 10.2 mol.m-2 vs. 2287 ± 59°C with a daily PAR of 3.6 mol.m-2• All the plants produced three leaves during the last six months of this phase (measurement period). The total area of these three leaves was slightly lower when the light intensity was higher, but the difference is not significant at 5% level (104 ± 20 cm2 with a daily PAR of 10.2 mol.m-2 vs. 117 ± 14 cm2 with a daily PAR of 3.6 mol.m-2).

During the reproductive phase, for each leaf the plant produced one flower; there was no bud abortion. The apparent phyllochron depended on shade level. The lowest mean phyllochron value, expressed in days, was obtained for 9.3 mol.m-2 of daily transmitted PAR (Fig. lA). When it was expressed as sums of daily PAR, the lowest phyllochron corresponded to the lowest transmitted daily PAR (3.6 mol.m-2). The num ber of flowers produced was slightly higher for 3.6 mol.m-2 of daily transmitted PAR (Fig. lB) because plant flowering began sooner for this PAR level. 
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-a. Leaf and flower sizes varied with the shade level. Overall, the leaves and flowers were larger when PAR was lower (Table 3). The lowest PAR gave the signifi cantly longest petiole and peduncle, but the spathe size was not significantly affected by the light level, except for the 14.6 mol.m-2 daily PAR. There was almost no difference in flower and leaf sizes between 10.2 and 8.5 mol.m•2 of daily PAR.

Net photosynthesis data

The different leaves of a plant did not have the same photosynthesis activity (Table 4). Only the two oldest leaves had a photosynthesis rate perceptibly above zero. For the younger leaves, respiration gene rated a higher gaseous exchange than photosynthesis, so the C0 2 balance was negative. Under controlled light intensities, the response curve of C0 2 assimilation rate to PAR was established for the oldest leaf of plants grown under the more sha ded greenhouse (3.6 mol of photons.m-2.day-1). For these plants, the net photosynthesis increased with the PAR applied during the measurements (Fig. 2). The net photosynthesis is expressed as a function of PAR because the number of measurements was too low to exactly determine the net photosynthesis maximum, even if it seems to be around 4 flll l Ol of COrm-2.s-1• Under these conditions, the compensation point is obtained for a PAR value of 7 flll l Ol of photons.m-2.s-1 and the calculated saturation point is about 500 flll l Ol of photons.m-2.s-1•

• Dai and Paull ( 1990) measured a net photosynthe sis rate of 2.4 flll l Ol of COrm-2.s-1 for the third leaf with a PAR photon flux density of 55 to 70 J.lmol.m-2.s-1• Our values are lower, perhaps because of our sha dehouse conditions (higher irradiance and temperatu re).
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Pn was lower for the plants that grew in the sha dehouses with a daily PAR of more than 3.6 mol.m-2 (Fig. 3), but the compensation points, calculated with the same method, are higher: 28 flll l Ol of photons.m-2s-1 for the plants grown with a daily PAR of 10.2 mol.m-2 and 19 flll l Ol of photons.m-2.s-1 for those with a daily PAR of 14.6 mol.m-2.

The different parts of one leaf did not have the same photosynthesis rate (Fig. 4). These measure ments were taken under the controlled light that gave one of the highest photosynthesis rates (Fig. 2). Lobes -Pn = 3.9 ± 0.9 f.1mol of COz.m-2.s-1

Middle-Pn = 6.1 ± 0.4 f.1mol of COz.m-2.s-1

Tip -Pn = 4.5 ± 0.2 llmol of COz.m-2.s-1 

Discussion and Conclusions

The size of leaves and flowers increases when the daily light intensity decreases from 15 to 4 mol of photons.m-2 (PAR values). Boula et al. (1973) had similar results, but the light intensity was higher in their experiment (daily PAR between 28 and 9 mol.m-2 ). For daily values of PAR between 8 and 10 mol.m-2 , there are no important differences. The leaves are lar ger and the flower peduncles are longer for the mini mum light intensity shadehouse, but the spathes are slightly larger for the intermediate value of light inten sity. For plants that received a higher light intensity, the leaf area is lower at the end of the vegetative phase. This can cause a metabolic source restriction: the assimilation organs being smaller, the quantity of available nutrients is lower.

The photosynthetic activity is lower for plants that grow with the highest light intensity and this can be the reason why the leaves are smaller. [START_REF] Fitter | Environmental physiology of plants[END_REF] explain that three mechanisms are available for a shaded leaf to maintain a positive carbon balance: (i) reduced respiratory rate, which lowers the compensa tion point; (ii) increased leaf area, which provides a greater surface for PAR absorption; (iii) increased pho tosynthetic rate per unit radiant energy and leaf area.

These three mechanisms were also observed in the present study. Dai and Paull's results (1990) also agree with this: the light intensity they used was lower than ours and they found a higher photosynthesis rate. This is a typi cal behavior of shade plants for which photoinhibition reactions appear for low light intensity [START_REF] Salisbury | Plant Physiology.-Fourth Edition[END_REF]. Shade plants can be damaged by light levels that are not even saturating for sun plants [START_REF] Foyer | -Leaves in the dark see the light[END_REF]. This explains why we observed leaf chlorosis and spathe color breakdown for the highest light intensity.

The enhancement of net photosynthesis with a brief increase of PAR (Fig. 2) can be an indication of a plant adaptation to the use of sunflecks penetrating under the canopy, a behavior which reflects adapta tions of the plant to its native environmental condi tions. Although most understory plants can maintain a positive carbon balance with diffuse light in the absen ce of sunflecks, daily carbon assimilation and growth rate in moist forests correlate closely with irradiance received in sunflecks [START_REF] Lambers | Plant physiological ecology[END_REF]. This phe nomenon has also been studied by [START_REF] Pearcy R | Sunflecks and photosynthesis in plant canopies[END_REF], mostly in tropical forests. He showed that the light received from sunflecks can reach 1,200 Jlmol.m-2.s-' while the diffuse irradiance is about 10 to 20 Jlffi Ol.m-2.s-1 on the forest floor. Some 30 to 60% of the photosynthe sis of underwood plants in a natural environment is typically caused by sunflecks.

The upper leaves of a plant, which are also the youngest, have a negative photosynthetic balance. It seems that these leaves make a protecting screen to the lower ones which receive much lower light intensity than measured in the shadehouse.

The number of harvested flowers is only reduced for the highest light intensity. Boula et al. ( 1973 ), Henny and[START_REF] Henny R | Response of Anthurium 'Lady lane' TM liners to diff erent light and fertilizer levels[END_REF], [START_REF] Kuruppu | Response of Anthurium andreanum Lindl. to diff erent shade levels in Sri Lanka[END_REF] found an increase in flower number with light intensity. The reduction that we observed might be due to photoinhibition phenomenon, as much leaf chloro sis appears on the plants grown without shade net. On the other hand, the temperature was also higher when the shade was lower [START_REF] Dufour | Elaboration du rendement en fleur coupee de l' Anthurium andreanum cultive hors sol et sous abri en milieu tropical[END_REF], and it could reach inhibitory values. In fact, under our conditions with the plastic cover that created greenhouse effect, the temperature frequently reached 40°C, even in the most shaded greenhouse.

When the light is low, plants build larger organs than those grown under with higher light during the same period. Therefore, the growth of the different plant organs is faster with low light. The most impor tant photosynthesis rate and greater leaf area increase the metabolic source, promoting sink activity. In addi tion, perhaps the temperature (lower when the shade is higher) is more favorable to metabolic activity. Ueda et al. (2000) showed that net photosynthesis rate quickly decreases when leaf temperature exceeds the optimum. High temperatures can inhibit some enzyme activity.

In this experiment, we were not able to segregate temperature effects from light effects. In order to do so, a study with a temperature system control indepen dent of light variations should be carried out to reveal the involved mechanism.

It is obvious that in tropical conditions, plants need a high shade level to optimize their production of large flowers. Growers should use, as in this study, a plastic sheet lined with a 75% shade net, or a folded 75% shade net to cover the greenhouse. It is possible that a higher shade level, producing an average daily PAR lower than 3.6 mol.m-2 in the greenhouse, still impro ves plant growth.

Sunfleck effects are difficult to reproduce, but it could be valuable to try to promote plant growth with such an appliance, in an experimental design.

In tropical conditions, it seems best to leave four leaves per plant after pruning because the two younge st leaves and the growing one have a negative photo synthetic rate. The problem is quite different in tempe rate zones where the light intensity is lower and the upper leaves produce too much shade for the lower ones to be active as metabolic source.

  Table I -Characteristics of the shadehouses in which the experiment took

  Fig. 1 -Mean apparent phyllochron (A) and number of harvested flowers (B) during the reproductive phase (two years of measurements) at different light intensity levels. Standard deviations are represented.

  Data are the averages of all the leaves or flowers produced by the measured plants during the two years of production. Standard deviations are given. In each line, different letters indicate significant differences. Table 4 -Net photosynthesis under natural light of the different leaves of a plant grown in the 3.6 moi.m-2 of daily transmitted PAR shadehouse (middle of the leaves; PAR# 150 llll l Ol of photons.m•2.s-1 during the measurement)

Fig. 2 -

 2 Fig. 2 -Net photosynthesis (Pn) as a function of PAR for the oldest leaf of a plant grown in the shadehouse with an average daily PAR of 3.6 mol of photon.m-2•

Fig. 3 -

 3 Fig. 3 -Net photosynthesis (Pn) as a function of PAR (artificial light applied during the measurements, varying from 30 to 1700 �ol of photons.m-2.s-1) in the different shadehouses.

Fig. 4 -

 4 Fig. 4 -Mean net photosynthesis (Pn) for the three parts of a leaf on a plant growing in the shadehouse with an average daily PAR of 3.6 mol of photon.m-2• Artificial light was applied during measu rements: PAR= 400 �ol of photons.m-2.s-1•

Table 2 -

 2 Red/far red ratio inside and outside the greenhouses

	2	3		4
	35.4 ± 2.5	25.8 ± 1.5	44.2 ± 3.8
	10.2 ± 2.2	8.5 ± 2.4	14.6 ± 3.8
	8.5	10.2	14.6	30.5 (outside)
	2.34 + 0.06	2.47 + 0.11	2.47 + 0.05	2.57 ± 0.02

Daily PAR mean (moJ.m-2) RIFR ratio 3.6 2.46 + 0.08 Standard deviations are reported.

Table 3 -

 3 Effects of light level on the leaves and flowers sizes

	Daily average PAR (moi.m-2)	14.6
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