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Optimization of Dispenser Density to Control the Rice Striped Stem Borer Chilo suppressalis Walker by Mating Disruption
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ABSTRACT

Chilo suppressalis Walker (Lepidoptera: Pyralidae) is one of the most important rice pests worldwide. Rice is frequently grown in an intensive production system in areas adjacent to environmentally sensitive areas. Therefore, the use of insecticides is problematic and new techniques, including mating disruption, are being introduced. Due to the high cost of pheromones, it is essential to optimize the pheromone dispensers density. The main purpose of this research was to determine the minimal dosage for effective mating disruption of C. suppressalis. To this end, we conducted a wide-area trial to test several dispenser densities, 31, 25 and 16 d ha-1 during three years. Results were compared with a standard mating disruption treatment (51 d ha-1) and a standard aerial chemical treatment with tebufenozide. Treatment efficacy was determined by pheromone trap catches and crop damage assessment. The release rate of the pheromone dispensers was also quantified. The results of these trials suggest that such treatments provide effective pest control even with reduced pheromone dispenser densities. Moreover, an important consideration is that these newly tested dispenser densities imply a significant reduction in the cost of the treatment. These results are essential in order to expand the use of mating disruption in rice crop protection. Release rate and residual pheromone amount is studied for the applied dispensers.  
1. INTRODUCTION
Chilo suppressalis Walker is one of the most important rice pests worldwide. It is particularly important in temperate rice areas; in Asia it is especially significant in Japan, Korea and China. In tropical areas, other stem borer species such as Scirpophaga incertulas and Scirpophaga innoata are more pronounced. In the Middle East, C. suppressalis also causes serious damage. In Europe it is considered a pest only in Spain (Casagrande, 1993).
Rice is frequently grown in an intensive production system in areas adjacent to environmentally sensitive coastal areas, estuaries or deltas. The water run-off contains harmful rice pesticide residues that can cause widespread damage to the food chains of the wildlife inhabiting these areas. Therefore, the use of insecticides is problematic. Rice stem borers cause damage to the crop at the larval stages. Larvae bore into the plant stems and feed on plant nutrients causing, in many cases, severe crop loss (Beevor et al., 1990). Chilo and Scirpophaga spp. are hard to control with foliar contact insecticides because these are only effective during a narrow window, the period between hatching and penetrating the plant stem (Beevor et al., 1990; Nesbitt et al., 1975; Howse et al., 1998a).

In 1975, the sex pheromone of female C. suppressalis was first identified as a binary mixture of (Z)-11-hexadecenal (Z11-16:Ald) and (Z)-13 octadecenal (Z13-18:Ald); it was present in female ovipositor extract (Nesbitt et al., 1975; Ohta et al., 1975; Ohta et al., 1976). However, in 1983, the third active compound of the sex pheromone, (Z)-9-hexadecenal (Z9-16:Ald), was identified (Tatsuki et al., 1983). Further studies showed that Z9-16:Ald markedly enhanced the attractiveness to males when it was mixed with the binary mixture in the natural ratio. Thus, it was concluded that the female sex pheromone of C. suppressalis was the three-component blend of Z11-16:Ald, Z13-18:Ald and Z9-16:Ald in an approximate ratio of 48:6:5 (Tatsuki, 1990a). Since then, the three-component blend with aldehyde-stabilizing agents has formed the basis of commercial development of controlled-release formulations (Howse et al., 1998b). The development of this pheromone formulation made it possible to carry out several monitoring and mating disruption field trials for the control of this pest (Mochida et al., 1984; Tatsuki, 1990b; Tatsuki, 1990a; Casagrande, 1993; Kondo & Tanaka, 1991; Kondo et al., 1993; Tatsuki, 1990a; Tatsuki, 1990a).

In Valencia (Spain), rice is grown in an environmentally protected area where chemical control can produce a strong environmental impact. Therefore, pest control using pheromones offers a good alternative. Mating disruption trials started in 1986, with PVC dispensers containing 8 mg of active ingredient in each and using 2500 dispensers per ha. Disruption efficacy rates were close to 100%, and trials over successive years verified and optimized the method. Finally, the commercial recommendation was 100 dispensers per ha with 400 mg of active ingredient per dispenser using SELIBATE CS™ as the dispenser (Howse et al., 1998b; Casagrande, 1993).

In the last few years, the Spanish Department of Agriculture has tested other dispenser densities, such as 69 or 51 dispenser per ha (12 and 14 metres between dispensers respectively), depending on the infestation history in each area. Although dispenser density was reduced from the commercial recommendation in these trials, the mating disruption efficacy approached 100%. In 2003, just before our field trials, the mating disruption technique was applied to 68.2% of the rice-growing area, using 69 dispensers per ha (52%) and 51 dispensers per ha (d ha-1) (48%). On the remaining area, chemical control was carried out with tebufenozide 24% (0.6 L ha-1), a low-toxicity insect growth regulator (IGR).

Due to their high cost, it is not feasible to treat all the rice growing area with pheromones. Hence, it is essential to optimize the technique in order to expand its use to the total rice area and thus eliminate chemical treatments and the severe damage that they cause to the environment.

These were the considerations that led us to propose area-wide testing several dispenser densities, i.e. 39, 31, 25 and 16 d ha-1, implying 16, 18, 20 and 25 m between dispensers. Our objective was to determine the minimum dosage and optimal dispenser distribution for effective mating disruption of C. suppressalis. We also studied the release profile of SELIBATE CS™ dispensers to check if their pheromone release rate is enough to control the three generations of C. suppressalis that typically occur in Spain.

2. MATERIALS AND METHODS

2.1 Field trial location and layout

The efficacy of commercial SELIBATE CS™ (Aragonesas Agro, SA, Madrid, Spain) dispensers of C. suppressalis pheromone was evaluated at different densities. Tests were conducted during the rice seasons from 2003 to 2005 on a 95 ha rice field. This field bounded by citrus crop to the north, south and west, and by rice crop to the east. In order to reduce C. suppressalis intrusion from the neighbouring eastern rice fields, we established a 10 ha buffer plot treated with 100 d ha-1. The 95 ha field was divided into nine plots. Three dispenser densities were tested (16, 25 and 31 dispenser ha-1), each of one in three plots. These treatments were compared with two large control plots. One of them extended 1600 ha and was given the standard mating disruption treatment (SMDT), i.e. 51 d ha-1. The other plot (1900 ha) was given chemical treatment (CT). The insecticide used was tebufenozide (24% w/w), 0.6 L ha-1, applied in two aerial applications in August. The 95 ha trial field had never been given mating disruption treatment, only insecticides. The SMDT plot had been treated with the mating disruption technique for almost 10 years. The CT area had been treated with insecticides since the 1960’s. In the areas given MDT, the dispensers were placed in field at the beginning of June.

2.2. Evaluation of treatment efficacy

Treatment efficacy was determined by pheromone trap catches and crop damage assessment. The absence of trap catches during MDT is a good indication that the technique is effective as males can not found the monitoring traps, but crop damage assessment provides the ultimate proof (Howse et al., 1998b).
2.2.1 Pheromone trap catches

Funnel pheromone traps (Aragonesas Agro, SA, Madrid, Spain) were used for trapping C. suppressalis males. The traps were baited with 7.5 mg of the pheromone lure ARALURE™ Chilo (Aragonesas Agro, SA, Madrid, Spain) and DDVP Strip 20% dichlorvos (w/w) (Agrisense-BCS Ltd, Pontypridd, United Kingdom). In both control plots, standard mating disruption treatment and chemical treatment, one pheromone trap per 10 ha was placed at the beginning of the first flight, at the end of May. At the same time, one pheromone trap was placed inside of each of the nine test plots. Pheromone trap catches were recorded weekly and pheromone lures and DDVP strip were renewed every 6 weeks.

2.2.2 Crop damage assessment

Crop damage was estimated by number of affected plants per m2 (NAP m-2). Ten percent of the surface of each tested nine plots and one percent of each control field surface was inspected. In each inspected plot, every plant inside each of 30 random 1m2 areas per plot was examined. Damage was inspected at the end of the first, second and third generations.

2.3 Pheromone Release Rates

In parallel with the field trial, SELIBATE CS™ dispensers were aged in the same field. Five replicates for 0, 15, 30, 50, 60, 90 days of aging were collected and stored at -18 ºC before analysis. The residual pheromone amount of the dispensers was extracted and quantified by gas chromatography with flame ionization detector (GC/FID).

The extraction method used was pressurized solvent extraction using the One PSE™ apparatus (Applied Separations, Bethlehem, PA, USA). Extraction conditions were 100 bars, 60ºC, 9 cycle extractions and dichloromethane as solvent. Each cycle lasted 5 min. All the resulting extracts were concentrated under reduced pressure and analyzed by GC/FID. Prior assays confirmed that no loss of pheromone was occurred due to extract concentration.

Residual pheromone analysis was made by GC/FID from dispenser extracts on the basis of Z11-16:Ald, the major C. suppressalis pheromone component. Gas chromatography coupled with mass spectrometry (GC/MS) was used to ascertain that the three components of C. suppressalis pheromone were released at the same rate by the dispenser. Z11-16:Ald was quantified by GC/FID using hexadecane as internal standard. A Clarus® 500 gas chromatograph from PerkinElmer (Wellesley, MA, USA) was used for the analysis. All injections were made onto a Zebron™ ZB-5MS (30 m x 0.25 mm x 0.25 μm) column (Phenomenex, Torrance, CA, USA) held at 100ºC for 2 min and then programmed at 15ºC/min to 170ºC, held at 170ºC for 5 min, and then at 20ºC/min to 240ºC and held at 240ºC for 1 min. The carrier gas was helium at 1.2 ml/min with split flow value of 25 ml/min.

2.4 Statistical analysis

Three pre-defined periods were established for statistical analysis corresponding with the three C. suppressalis generations. We consider the first generation to be the one throughout June, the second throughout July and the third from first of August until first of September. Accumulate trap catches were analyzed in each striped rice stem borer generation and comparing the total catches in each year.
One-way ANOVA followed by the LSD procedure was applied to the aggregated catches. All values were transformed to sqrt (x) in order to normalize data. One-way ANOVA was used to analyze crop damage followed by LSD procedure. Data were transformed to log (x+1) for statistical analysis. STATGRAPHICS Plus 5.1 was used for the ANOVA analysis.

3. RESULTS

3.1 Trap catches

Figure 1, which represents the 2003 traps catches, shows how, once the dispensers were placed in the field, the catches were lower in the MDT areas than in the chemically treated one. Figure 2 and 3 show trap catches in each area during 2004 and 2005 respectively. In these years, the mating disruption effect was more obvious because catches are very low in the MDT areas.

It can be seen from Figure 1 that during the first MDT year there were still catches from the second and third generations, although at a very low rate. However, this effect was much less marked in the second year and barely noticeable in the third.

The sequence supports the view that several successive years of MDT are needed if optimal results are to be achieved, and so the population reduces progressively (Coscolla, 1997). An ANOVA of the data of cumulative annual catches in the MDT fields reveals that in the first year the catches were significantly higher than in the two subsequent years (F=16.18, df=21,2, P=0.0001). 

As seen in Table 2, cumulative catches by generation and by annual total, it can be seen that only in the first year fields with new pheromone dispenser densities differed significantly from the SMDT in first and third generation. But in the second and in the third year of field trials none of the new pheromone dispenser densities differed significantly in catches from the SMTD in any of the three generations. Furthermore, the catches in all the MDT fields, independently of the dispenser density, were significantly lower than in the CT ones during the second and third years in the second and third generations. The first generation results are not conclusive, because of the small size of the population recorded.

We can therefore affirm that there is a mating disruption effect in C. suppressalis males in fields treated with dispenser densities from 16 to 51 d/ha-1. Moreover, we have verified that the effect  in adult catches is the same at 16, 25 and 31 d/ha-1 as at 51 d/ha-1.
3.2 Crop damage

Crop damage assessment is the most evident way of proving the efficiency of mating disruption (Howse et al., 1998b; Karg & Sauer, 1995). Table 3 shows the average of the damaged stems per square metre and the outcomes statistical analysis in the three generations of each year. The main crop damage occurs during the second generation just when the stem and rice are developing and damage causes significant reduction in yield (Batalla, 1999).

In the first year, there were no differences in damage levels between the different treatments (including chemical control). Only in the third generation was the damage in the area with the lowest dispenser density (25 d ha-1) somewhat greater, although without significant differences with respect to the other dispenser densities; however, this density is well below the treatment threshold prescribed by the Spanish Ministry of Agriculture for 3 NAP m-2.

In 2004, no first-generation damage was observed in any of the areas evaluated. This phenomenon is related to the flight curve: see Figure 2, where it can be observed that the first flight was delayed and did not occur until the end of July and beginning of August, and consequently there was virtually no C. suppressalis first generation that year. During the second generation, there were no differences between any of the treatments. During the third generation, the most damage was recorded in plots treated with tebufenozide (Table 3).

In 2005, crop damage in plots treated with each experimental density was not different from the standard during both the first and second generation (Table 3). Only in the last generation was the crop damage level higher with the new densities. But damage caused the third generation is not important, because the grain is already formed and so the harvest is not affected (Poitout & Bues, 1978).  However, it is possible that the new pheromone dispenser densities were not enough to maintain low population after several years. In this case we would have to alternate higher and lower densities of pheromone dispensers.
In view of these results, we can say that treatment with pheromones at dispenser densities of 16, 25 and 31 d ha-1 produces a crop protection efficacy similar to that obtained with a SMDT fixed at 51 d ha-1 and with aerial chemical treatment during three consecutive years.
3.3 Pheromone release rates

Figure 4 shows the residual pheromone of the Selibate CS™ dispenser in the course of the rice season. Pheromone was released throughout the field trial, but the release rate decreased after 50 days. This may explain the increase of catches in the mating disruption treated fields from 20th August. However, our field trial findings show that this emission is enough to produce good mating disruption results. The residual amount of pheromone in the dispenser at the end of the season was nearly 30%. This means that unnecessary amount of pheromone is not released, which constitutes an additional cost for MDT.
This residual amount of unreleased pheromone should be minimized in order to reduce the cost of the mating disruption technique.

4. DISCUSSION

Chemical rice crop protection, using tebufenozide as insecticide, relies on striking the insect pest through contact at its most vulnerable stage of development. For most lepidopteran pests such as rice stem borers, this means the first instar larvae, which bore into the stems immediately after hatching and thus offer a very narrow window of control opportunity (Howse et al., 1998b). In MDT, the timing of the application is still important but not so critical, provided the controlled release dispensers are deployed before moth activity begins. This is an important advantage of pheromone control techniques over insecticidal control. Moreover, the pheromones provide farmers with protection for their crops that is season-long, user-friendly and environment-friendly. In addition, chemical treatments require a safety period of approximately 20 days free from application before harvesting. This prevents treating the third generation of the moth, or even the second generation when the fly period is delayed (as occurred in the second year of our field trials). 

Because rice is frequently grown in the vicinity of environmentally protected areas, it is essential to dispose of an effective yet environment-friendly technique to control C. suppressalis. However, the environmental cost of chemical treatments is usually left out of the calculation of treatment costs, and consequently cost has been seen as the main obstacle to expanding the application of environmentally friendly techniques.

The objective of the present study was to check the efficiency of the mating disruption technique with larger distance between dispensers, and thus to achieve a reduction in treatment cost in order to expand its use.
The results show that such treatments provide efficient pest control even with reduced pheromone dispenser densities. These newly tested densities imply a significant reduction in the cost of the treatment. For example, in Spain the price of SMDT (51 d ha-1) is 66 € ha-1. If the number of dispensers is reduced to 31, 25 or 16 d ha-1, the cost of the treatment will be 43, 36 and 24 € ha-1 respectively (Ministry of Agriculture, personal communication). This reduction is critical. Treatment against C. suppressalis with these new densities will be cheaper than the two chemical treatments needed per year, whose cost amounts to approximately 47 € ha-1.

The results of this research prove clearly that MDT using 31, 25 and 16 d ha-1 is capable of providing protection against C. suppressalis for almost three years. Although it is possible that after several years of treatment with a low density of dispensers the pest population will gradually increase again, the financial saving obtainable by treatment at these densities for three years, or maybe longer, is enough to justify switching to it even if it should prove necessary to increase the density later.

The study of dispenser release rates showed decreased emission towards the end of the season. This might explain the loss of efficacy in the third generation even though the dispensers still contain 30-40% of the pheromone load. An improved dispenser design would make it possible to achieve even better results in moth control with the same quantity of pheromone, and thus contribute to reducing the cost of the treatment even more.
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Table 1. Summary of experimental design and test procedure.

CT: Chemical Treatment

SMDT: Standard Mating Disruption Treatment
	Test no.
	Year
	Area treated (ha)
	Distance between dispensers (m)
	Number dispensers ha-1
	Total pheromone dosage (g ha-1)
	Mean release (mg day-1 ha-1)

	CT
	2003-2005
	1900
	
	
	
	

	SMDT 
	2003-2005
	1600
	14
	51
	20.4
	115.26

	Test 1
	2003-2005
	26.93
	18
	31
	12.4
	63.14

	Test 2
	2003-2005
	27.42
	20
	25
	10
	51.15

	Test 3
	2004-2005
	40.07
	25
	16
	6.4
	36.16


Figure 1: Males per trap and day (MTD) of Test 1, 2 and controls in 2003.
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Figure 2: Males per trap and day (MTD) of Test 1, 2, 3 and controls in 2004.
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Figure 3: Males per trap and day (MTD) of Test 1, 2, 3 and controls in 2005.
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Table 2: Average and standard error of cumulative trap catches in tests and controls per generation and total in each year. Treatments followed by the same letter are not significantly different P>0.05 (ANOVA).
	
	Generations 2003
	Generations 2004
	Generations 2005

	Treatments
	1st
	2nd
	3th
	Total
	1st
	2nd
	3th
	Total
	1st
	2nd
	3th
	Total

	CT
	1.09±0.41 ab
	10.63±4.17 b
	31.27±7.39 c
	43.00±10.09 c
	0.60±0.34 a
	1.06±0.63 b
	15.8±3.01 b
	18±3.38 b
	1.87±0.47 b
	4.00±1.55 b
	9.62±2.76 b
	15.50±3.44 b

	SMDT (51 d ha-1)
	0.28±0.16 a
	0.00±0.00 a
	0.88±0.38 a
	1.16±0.43 a
	0.16±0.12 a
	0.27±0.13 a
	0.72±0.25 a
	1.16±0.28 a
	0.35±0.16 a
	0.35±0.15 a
	1.20±0.58 a
	1.9±0.61a

	Test 1 (31 d ha-1)
	2.33±1.20 bc
	0.33±0.33 a
	5.00±3.60 ab
	7.66±4.66 ab
	0.00±0.00 a
	0.00±0.00 a
	0.00±0.00 a
	0.00±0.00 a
	0.66±0.66 ab
	0.00±0.00 a
	1.10±1.10 a
	1.66±0.88 a

	Test 2 (25 d ha-1)
	4.33±2.33 c
	2.33±1.20 ab
	11.66±1.20 bc
	18.33±4.09 bc
	0.00±0.00 a
	0.00±0.00 a
	1.00±0.57 a
	1.00±0.57 a
	0.33±0.33 a
	0.00±0.00 a
	0.66±0.66 a
	1.00±0.57 a

	Test 3 (16 d ha-1)
	
	
	
	
	0.33±0.33 a
	0.33±0.33 a
	0.66±0.33 a
	1.33±0.88 a
	0.33±0.33 a
	0.00±0.00 a
	0.66±0.33 a
	1.00±0.57 a


Table 3: Average and standard error of crop damages (NAP m-2) in tests and controls per generation in each year. Treatments followed by the same letter are not significantly different P>0.05 (ANOVA).

	
	Generations 2003
	Generations 2004
	Generations 2005

	Treatments
	1st
	2nd
	3rd
	2nd
	3rd
	1st
	2nd
	3rd

	CT
	0.22 ± 0.05 a
	0.09 ± 0.03 a
	0.26 ± 0.06 a
	0.06 ± 0.02 a
	1.54 ± 0.23 a
	0.08 ± 0.08 a
	0.05 ± 0.03 ab
	0.21 ± 0.08 a

	SMDT (51 d ha-1)
	0.13 ± 0.06 ab
	0.04 ± 0.02 a
	0.40 ± 0.07 ab
	0.03 ± 0.03 a
	0.41 ± 0.17 b
	0.00 ± 0.00 a
	0.06 ± 0.006 a
	0.16 ± 0.06 ab

	Test 1 (31 d ha-1)
	0.00 ± 0.00 b
	0.03 ± 0.00 a
	0.45 ±0.06 ab
	0.00 ± 0.00 a
	0.00 ±0.00 c
	0.24 + 0.24 a
	0.14 ± 0.14 ab
	2.15 ± 1.36 c

	Test 2 (25 d ha-1)
	0.13 ± 0.13 ab
	0.04 ± 0.03 a
	0.79 ± 0.21 b
	0.13 ± 0.13 a
	0.16 ± 0.16 bc
	0.38 ± 0.22 a
	0.33 ± 0.18 b
	1.15 ± 0.82 bc

	Test 3 (16 d ha-1)
	
	
	
	0.00 ± 0.00 a
	0.17 ± 0.10 bc
	0.33 ± 0.18 a
	0.03 ± 0.02 ab
	0.89 ± 0.24 c


Figure 4: Residual pheromone of the Selibate CS™ dispenser.
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