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Abstract

Olive fly activity and olive fruit infestation was monitored in a table olive orchard in southern Crete throughout most of 2006 using McPhail traps. Flies were trapped weekly for 40 weeks, starting at the beginning of February. The fly data was split into 10 four-week periods. Male, female and total fly activity was significantly related to sampling period, maximum temperature and relative humidity but the pattern of catches was not consistent. Activity increased from February until July but declined in August and was very low in September, October and November. The low activity in the last three months was reflected in low fruit infestation levels, with a maximum of 3.6% in October which contrasts with infestation levels usually around 30%. Olive fly mortality is high above 31oC and the average mean maximum temperature in the four months June-September was above 34oC. High summer temperatures, with low humidities, appear to have considerably limited olive fly activity and fruit infestation and pest control measures may have to be adapted to these conditions.

Introduction

Bactrocera oleae (Rossi), the olive fly, is the most important pest of olives throughout the Mediterranean region and has badly affected olive oil yield in Crete for a considerable time (Neuenschwander & Michelakis, 1978). Changes in farming practice in general to more organic and low-input systems, generally the product of concerns over food quality, have been applied to olive production (Crovetti, 1996). Problems such as high resistance to organophosphate pesticides (Skouras et al., 2007) has led to the development of mass trapping to limit olive fly damage (Haniotakis et al., 1991). These baited traps, with food or sex attractants, and a lethal agent are put out throughout an orchard prior to fruit establishment and have been shown to be more effective than spraying in lowering fly numbers and infestation (Broumas et al., 2002).

In 2006, as part of a wide-ranging investigation into a number of aspects of organic olive production, the activity of olive flies in a table orchard near Moires in southern Crete was monitored for 40 weeks using a standard sampling method. The activity of flies in a harvest year was related to temperature and humidity and fruit infestation levels were estimated.

Materials and methods

The survey area was an organic table olive orchard near the town of Moires in the Messara plain, southern Crete. 16 blocks of 80 olive trees (var Kalamon), of similar height and density, were sampled using McPhail traps with the food attractant Entomela 55SL, a standard method for assessing olive fly numbers. Sampling started on February 1 2006 and 40 weekly samples were taken. The traps were emptied, the catch sorted in the laboratory and the numbers of male and female olive flies counted. Estimations of fruit infestation by olive fly were carried out on six trees in each block. A total of 120 fruit from the six trees were examined for active and non-active infestation involving egg punctures, alive and dead eggs and larvae. These estimations were carried out every week from 1st July to 15th November 2006, when olive fruits were mature and harvesting began. Temperature and humidity measurements were taken by a HOBO HO8 (Onset Corporation) every one hour, in a Stephenson screen in the middle of the orchard. Daily maximum temperature and mean daily relative humidity values were used in the statistics. The weekly male, female and total olive fly catches were combined into 10 sequential four-week periods whilst monthly percent total olive fruit infestation (July-November) was calculated. Linear mixed-effects models were used to generate analyses of variance using sampling period as a fixed factor and maximum temperature and relative humidity as continuous variables, with block as a random factor. The mean fly catches and percent infestations were compared using the Tukey HSD test and all analyses were carried out in the R statistical environment (R Development Core Team, 2007).

Results

The linear mixed effects models produced very highly significant (P<0.0001) relationships with male, female and total olive fly catches with sampling period and relative humidity. However, the models with maximum temperature were not as significant. Male and female flies were less significantly related to temperature (P<0.01) than the totals (P<0.001). The mean number of male, female and total olive flies recorded in the 10 four-weekly periods, together with the mean maximum temperature and relative humidity for each period are shown in Tab. 1. Most male flies were caught in periods 5 and 6 (June and July), significantly different from the other means. There were lower, not significantly different, catches in periods 1, 2, 3, 4 and 7. Fewer females were trapped than males, with the highest mean in period 6, not significantly different from period 4. Similar non-significant mean numbers of female flies were trapped in periods 3, 4 and 5 and in periods 1, 2 and 7. The total means peaked in period 6, with high numbers also in period 5. More flies were recorded in periods 3 and 4 (April and May) than in periods 1, 2 and 7 (February, March and August) but very few flies were trapped in periods 8, 9 and 10 (September, October and November).

The mean maximum daily temperatures were highest and not significantly different in periods 6, 7 and 8. All other mean temperatures differed significantly from each other with an increase in means from period 1 to period 5 and a decrease in periods 9 and 10. The mean daily relative humidity values were lowest means in periods 6 and 8, significantly lower than in periods 7 and 5. Humidity became lower as temperature increased in the first four periods, increasing as the temperature fell in periods 9 and 10.

Tab. 1: Mean number of olive flies, ± SE, caught in McPhail traps in the ten sampling periods, together with the mean daily maximum temperature and relative humidity for the sampling periods.

	Period


	Males
	Females
	Total
	Maximum

Temperature
	Relative

humidity

	1
	5 ± 0.8bc
	4 ± 0.7cd
	9 ± 1.3cd
	17.9 ± 0.25h
	72.5 ± 0.84ab

	2
	4 ± 0.6bc
	4 ± 0.5cd
	8 ± 1.0d
	21.2 ± 0.49g
	71.0 ± 0.40b

	3
	8 ± 1.1b
	9 ± 0.9b
	18 ± 1.9bc
	25.8 ± 0.34e
	64.8 ± 0.81c

	4
	7 ± 0.8b
	10 ± 1.2ab
	18 ± 2.0c
	28.2 ± 0.91d
	55.3 ± 1.81d

	5
	18 ± 3.6a
	7 ± 1.2bc
	25 ± 4.2ab
	34.6 ± 1.00b
	49.8 ± 1.25e

	6
	20 ± 2.1a
	13 ± 1.2a
	33 ± 3.0a
	36.8 ± 0.49a
	41.6 ± 0.12f

	7
	4 ± 0.6b
	3 ± 0.6d
	7 ± 1.2de
	37.6 ± 0.28a
	47.8 ± 1.91e

	8
	1 ± 0.2c
	1 ± 0.2de
	2 ± 0.3de
	37.0 ± 0.82a
	43.1 ± 1.81f

	9
	0 ± 0.1c
	0 ± 0.1e
	0 ± 0.1e
	30.6 ± 0.78c
	64.6 ± 2.06c

	10
	0 ± 0.1c
	0 ± 0.1e
	1 ± 0.2d
	23.3 ± 0.41f
	74.9 ± 0.52a


Superscripts indicate significant differences between means (P<0.05)

The mean percentage olive fruit infestation in the five months surveyed are shown in Tab. 2, together with comparable results from a survey in central Greece in 1983 by Broumas et al. (1985). Infestation was lowest, and not significantly different, in July, August and September 2006 but although the means for October and November were significantly higher than for July, infestation was still very low at 3.6% in October. The results from central Greece in 1983 indicate a considerable increase in fruit damage in October and November, to around 30%.

Tab. 2: Mean (%) total olive fruit infestation, ± SE, in the five months before harvesting together with comparable data from western Crete in 1983 (data from Broumas et al. 1985).

	Month
	2006
	1983

	July
	1.5 ± 0.34c
	2.4

	August
	2.7 ± 0.28abc
	4.9

	September
	1.9 ± 0.41bc
	5.4

	October
	3.6 ± 0.49a
	28.0

	November
	3.1 ± 0.48ab
	30.4


Superscripts indicate significant differences between means (P<0.05)

Discussion
Although the linear mixed effects models all gave significant responses to sampling period, maximum temperature and relative humidity, the mean catches showed that the relationships were not consistent. Olive fly activity increased throughout the year until the end of July (period 6) in close association with increasing temperatures and decreasing humidity, but there was a rapid decrease in activity in August (period 7) and very little activity in September, October and November (periods 8, 9 and 10). The usually reported pattern of fly activity follows a pattern of a number of generations in the first half of the year, maximum activity in June and July and then two more activity peaks in September/October and November (Broumas et al., 1985). The activity peaks between September and November usually result in fruit infestation, in the case of Broumas et al. (1985), of around one-third of the crop, which was thought not to be economically damaging because of mass trapping. However, in the table olive orchard surveyed the maximum damage was below 5%.

Mortality of olive fly eggs and of the first two larval instars is related to daily maximum temperature and mortality of both larvae and adults is considerable above 31oC (Crovetti, 1996). There is also evidence that low humidity make conditions unsuitable for breeding (Katsoyannos, 1992). With mean maximum temperatures above 31oC in June, July, August and September 2006 in the orchard surveyed, it appears that the crash in activity seen in the last three sampling periods was due to high summer temperatures, with low humidities possibly having a compounding effect. 

Conclusions
The high summer temperatures recorded in southern Crete since 1995 may have repercussions for olive fly control in the region. If ambient climatic conditions are limiting olive fly activity and fruit infestation, then it is likely that intensive pest control measures will not be required.
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