






LARVAL NUMBERS 

Each of the recently-curled or ALM-infested leaves on the apple shoots were 

removed and dissected under a binocular microscope (40x). The larvae found in 

each curled leaf were divided into four categories based on their colour (Barnes 

1948, Gange 1989). The categories were: 

• clear - recently hatched larvae (first instar); 

• white - larvae which were a few days old and had lost their transparent 

appearance (second instar); 

• pale orange - larvae which had begun to colour from white (third 

instar); 

• orange - mature larvae which were close to pupation (third instar). 

This method of distinguishing larvae was chosen for two reasons. ALM larvae 

change colour as they mature turning from transparent through to bright orange 

(Todd 1956). Furthermore, the time required to accurately divide larvae into the 

ins tars, based on morphological characteristics based on larval segments or 

spatula development, was not practical in this investigation, because of the large 

number of leaves that needed to be assessed each week during the growing 

season. The mean number of larvae in each category per week is presented 

graphically to indicate differences between seasons and cultivars. 
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FRUIT INFESTATION 

From each of the orchard blocks used to monitor shoot infestation, fruit were 

selected haphazardly from picking bins, conveyer belts or reject fruit bins during 

packing. In the 95/96 season, a minimum of 200 fruit was sampled from each 

block, whereas in the 96/97 season a minimum of 400 fruit was sampled. Each 

apple collected was dissected by removing the calyx and stalk end. Both ends of 

the apple were then examined for the presence of ALM larvae or pupae. The 

percentage of infested apples in the 95/96 season was too low to conduct 

meaningful statistical comparisons. Despite the increase in the sample size in the 

96/97 season the level of fruit infestation was still too low for meaningful 

comparisons. Only the level of fruit infestation and the number of fruit sampled 

for each block is presented. 

RESULTS 

SHOOT INJURY 

The weekly percentage of shoots injured by ALM increased steadily during each 

season until the beginning of March in the 95/96 season, and until the beginning 

of February in the 96/97 season (Figure 5.1). From this point in each season, the 

percentage of shoots injured declined, with the last assessment of each season 

being approximately 10 - 20% lower than the earlier seasonal peak. In the 95/96 

season, the shoots injured by ALM reached a peak of 52.7% for 'Royal Gala' 

and 52.0% for 'Braebum'. This compares with the 96/97 season where 67.3% of 

'Royal Gala' shoots and 46.7% of 'Braebum' shoots were injured. 'Royal Gala' 

and 'Braebum' cultivars showed similar amounts of ALM injury throughout the 

95/96 season compared with the 96/97 season in which 'Royal Gala' showed 

consistently higher levels of injury than 'Braebum' (Figure 5.1). 

CHAPTER 5: Phenology of ALM Larval Development and Pupation page 96 



When all weeks during a season were combined, mean· percentages of shoots 

injured by ALM at property 1 were not significantly different between seasons 

('Braebum', n=52, F=O.OO, df 1,50, P=0.96; 'Royal Gala', n=52, F=3.82 df 1,50, 

P=0.06) or cultivars (95/96 season, n=50, F=0.27, df 1,48, P=0.61; 96/97 season, 

n=50, F=2.22, df 1,48, P=0.14) (Table 5.1). At property 2, there were 

significantly more 'Braebum' shoots injured than 'Royal Gala' in the 95/96 

season (n=50, F=5.75, df 1,48, P=0.02). However, the opposite was true for the 

96/97 season where significantly more 'Royal Gala' shoots were injured 

compared with 'Braebum' (n=54, F=lOAO, df 1,52, P<O.Ol) (Table 5.1). Mean 

percentages of shoots injured at property 2 for 'Braebum' were significantly 

different (n=55, F=12A8, df 1,53, P<O.Ol) between the two seasons. No 

difference for 'Royal Gala' was detected from season to season (n=55, F=3.1O, 

df 1,53, P=0.26). At property 3, both cultivars had similar levels of ALM injury 

in the 95/96 season (n=50, F=2.22, df 1,48, P=0.79). However, in the 96/97 

season, there was a difference between cultivars (Table 5.1) (n=60, F=4.54, df 

1,58, P=0.04). Significantly more shoots were injured on 'Royal Gala' in the 

96/97 season compared with the 95/96 season (n=55, F=7.17, df 1,53, P=0.04). 

'Braebum', however, showed similar levels of injury in both seasons (n=55, 

F=0.58, df 1,53, P=0.75). 
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FIGURE 5.1. The percentage of shoots injured by apple leafcurling midge on the 
Waimea Plains, Nelson, during the 95/96 and 96/97 seasons on 'Braebum' 
(+--+-) and 'Royal Gala' (+--+-). Data represents a mean of three properties. 
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TABLE 5.1. The seasonal mean· percentage of shoots injured by apple 
leafcurling midge for each season and cultivar at each property on the Waimea 
Plains, Nelson. 

Braeburn 
Royal Gala 
Significance} 

Braeburn 
Royal Gala 
Significance I 

Mean Shoot Injury Percentage (±SE) 
Property 1 

95/96 Season 96/97 Season 
23.60(4.30) 23.33(4.01) 
20.72(3.50) 33.04(5.13) 

NS NS 
Property 2 

95/96 Season 96/97 Season 
23.28(3.20) 10.74(1.71) 
13.36(2.60) 18.96(1.90) 

* ** Property 3 
95/96 Season 96/97 Season 

Braeburn 22.80(3.74) 27.48(4.81) 
Royal Gala 24.24(4.00) 43.93(6.03) 
Significance} NS * 

Significance} 
NS 
NS 

Significance} 

** NS 

Significance} 
NS 

* 
(Significance: NS 1'>0.05, • P<0.05, ** P<O.OI, where rows compare seasons and columns 
compare cultivars. 

Percentages of shoots injured by ALM did not differ between properties for 

either cultivar in the 95/96 season (,Braebum'; n=75, F=O.OI, df 2,72, P=0.98, 

'Royal Gala'; n=75, F=2.65, df2,72, P=0.08) (Appendix II. Table 11.1). Property 

2 in the 96/97 season, both cultivars showed significantly less injury compared 

with the respective cultivar at either of the other properties ('Braebum' n=81, 

F=5.40, df2,78, P<O.OI, 'Royal Gala'; n=81, F=7.09, df2,78, P<O.OI). Property 

3 always had the highest percentage of shoots injured by ALM (Appendix II 

Table 11.1). In an overall analysis where the data from all properties were pooled, 

in the 95/96 season, neither cultivar had consistently more or less injury (n=150, 

F=1.66, df 1,148, P=0.20). However, in the 96/97 season, 'Royal Gala' had 

consistently more injury than 'Braebum' (Appendix II Table 11.2) (n=162, 

F=9.59, df 1,160, P<O.OI). 
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LEAF INJURY 

Mean numbers of leaves injured by ALM per shoot were relatively constant 

throughout each season for both cultivars (Figure 5.2 and 5.3). However, the last 

three months of each season generally showed a higher proportion of leaf injury 

than the earlier months. The maximum number of leaves injured per shoot 

occurred on 17 March in the 95/96 season for both seasons, with 4.6 and 4.5 

leaves per shoot injured for 'Braebum' and 'Royal Gala' respectively (Figure 

5.2). No leaf injury was detected on 'Braebum' shoots until 15 October in the 

96/97 season. In the same season, 9 October was the first day when ALM injury 

was recorded on 'Royal Gala' (Figure 5.3). The highest number of leaves injured 

on 'Braebum' in the 96/97 season occurred on 30 December with 3.2 leaves 

injured per shoot. In comparison, a maximum of 4.4 leaves was injured per shoot 

on 'Royal Gala' on 27 January (Figure 5.3). On both cultivars, more leaves per 

shoot grew in 95/96 season compared with the 96/97 season (Figures 5.2 and 

5.3). 

When data from all weeks during a season were combined, the only significant 

difference in the mean percentage of leaves injured per shoot at property 1 was 

between cultivars in the 96/97 season (Table 5.2) (n=54, F=6.31, df 1,52, 

P=O.01). 'Royal Gala' had a greater mean percentage ofleaves injured (14.10%) 

compared with 'Braebum' (9.87%). For property 2, the mean percentage of 

leaves injured per shoot by ALM was not significantly different either between 

season ('Braebum'; n=51, F=1.90, df 1,49, P=0.17, 'Royal Gala'; n=51, F=2.93, 

df 1,49, P=0.09) or cultivar (95/96 season; n=48, F=0.02, df 1,46, P=0.79, 96/97 

season; n=48, F=0.07, df 1,46, P=0.79) (Table 5.2). Both cultivars at property 3 

showed a significant difference in the mean percentage of leaves injured by 

ALM between seasons; 'Braebum' was higher in the 95/96 season (n=51, 

F=4.18, df 1,49, P=0.04) and 'Royal Gala' was higher in the 96/97 season (n=51, 

F=6.77, df 1,49, P=O.01) (Table 5.2). 'Royal Gala' had a significantly higher 

mean 
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FIGURE 5.2. The mean number of leaves per shoot not injured ( • ) and 
injured by apple leafcurling midge ( • ) on 'Braebum' and 'Royal Gala' 
cultivars for the 95/96 season on the Waimea Plains, Nelson. Data represent a 
mean of three properties. Note: data not collected on 15 Oct, 5, 25 Nov and 10, 
17 Feb. 
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FIGURE 5.3. The mean number of leaves per shoot not injured ( • ) and 
injured by apple leafcurling midge ( • ) on 'Braebum' and 'Royal Gala' 
cultivars for the 96/97 season on the Waimea Plains, Nelson. Data represent a 
mean of three properties. 
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TABLE 5.2. The seasonal mean percentage· of leaves injured by apple 
leafcurling midge per shoot for each season and cultivar at each property on the 
Waimea Plains, Nelson. 

Mean Leaf Injury Percentage (±SE) 
Significance1 Property 1 95/96 Season 96/97 Season 

Braeburn 10.53(0.87) 9.87(1.10) NS 
Royal Gala 10.86(1.38) 14.10(1.27) NS 
Significance I NS * 
Property 2 95/96 Season 96/97 Season Significance! 
Braeburn 9.31(0.82) 11.53(1.34) NS 
Royal Gala 9.51(1.23) 11.94(0.78) NS 
Significance I NS NS 

Property 3 95/96 Season 96/97 Season Significancel 

Braeburn 11.29(1.45) 7.59(1.11) * Royal Gala 12.33(1.53) 17.35(1.21) * Significance I NS ** 
• Significance: NS P>0.05, • P<0.05, •• P<0.01, where rows compare seasons and columns 
compare cultivars. 

percentage of leaves injured in the 96/97 season compared with 'Braeburn' 

(17.35% compared with 7.59% respectively) (n=54, F=35.3, df 1,52, P<O.OI). 

The percentage of leaves injured by ALM did not differ between properties for 

either cultivar in the 95/96 season ('Braeburn'; n=72, F=0.85, df 2,69, P=0.43, 

'Royal Gala'; n=72, F=1.04, df 2,69, P=0.36) (Appendix II Table 11.3). In the 

96/97 season, 'Royal Gala' showed significantly less leaf injury at property 2 

compared with either of the other properties (n=81, F=6.05, df 2,78, P<O.OI). 

Property 3 had the highest percentage of leaves injured by ALM (Appendix II 

Table 11.3). In an overall analysis where the data from all properties were pooled, 

in both seasons, 'Royal Gala' consistently showed a higher incidence of leaf 

injury compared with 'Braeburn'. However, this trend was significantly different 

only in the 96/97 season (n=162, F=24.19, df 1,160, P<O.Ol) (Appendix II Table 

11.4). 
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LARVAL NUMBERS 

The weekly mean number of larvae per leaf fluctuated considerably for each 

cultivar during both seasons (Figure 5,4 and 5.5). In the 95/96 season, the highest 

mean number of larvae per leaf occurred on 13 January for both cultivars, with a 

total of 78 (± 2.9) larvae per 'Royal Gala' leaf and 64 (± 5.4) larvae per 

'Braebum' leaf (Figure 5,4). In the 96/97 season, the highest mean number of 

larvae per leaf was lower and occurred later (Figure 5.5). On 27 January, a total 

of 76 (± 7.0) larvae per 'Royal Gala' leaf were recorded, with 52 (± 2.3) larvae 

per 'Braebum' leaf recorded on 3 February (Figure 5.5). 

In the 96/97 season the weekly mean number of larvae in 'Royal Gala' leaves 

had more distinctive peaks and troughs relative to the 95/96 season (Figure 5.4 

and 5.5). Average numbers of larvae present in 'Royal Gala' and 'Braebum' 

leaves were higher in the 95/96 season compared with the 96/97 season. On 

average, more than 20 larvae per 'Royal Gala' leaf were found during 10 weeks 

in the 96/97 season compared with 15 weeks for the 95/96 season. Likewise, on 

average, more than 20 larvae per 'Braebum' leaf were found during 10 weeks of 

the 96/97 season compared with 13 weeks for the 95/96 season (Figure 5.4 and 

5.5). 

Overall, 'Braebum' in both seasons had fewer larvae per leaf compared with 

'Royal Gala' , especially in the middle to later parts of a season. Nevertheless, for 

each cultivar, there was a higher proportion of larvae in each category during the 

95/96 season compared with the 96/97 season (Figure 5.4 and 5.5). During this 

investigation, the maximum number of larvae dissected from a single curled leaf 

was 131 in the 95/96 season and 142 in the 96/97 season. 
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FIGURE 5.4. The mean number of clear ( • ), white ( • ), pale orange 
( • ), and orange ( • ) apple leafcurling midge larvae found per cultivar leaf 
on the Waimea Plains, Nelson during the 95/96 season. Data represent means of 
three properties. Note: data not collected on 28 Oct, 18 Nov and 3, 10 Feb 
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FIGURE 5.5. The mean number of clear ( • ), white ( • ), pale orange 
( • ), and orange ( • ) apple leafcurling midge larvae found per cultivar leaf 
on the Waimea Plains, Nelson during the 96/97 seasons. Data represent means of 
three properties. 
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- FRUIT INFESTATION 

The level of fruit infestation by ALM was very low for both seasons and no 

meaningful statistical comparisons could be conducted (Table 5.3). Nevertheless, 

in both seasons, the highest level of fruit infestation occurred at property 3 on 

'Royal Gala', with 1.6 and 2.2 percent infestation occurring for the 95/96 and 

96/97 seasons, respectively. Generally, lower levels of fruit infestation occurred 

at property 1, and 'Royal Gala' showed slighter higher levels of fruit infestation 

compared with 'Braebum' (Table 5.3). 

TABLE 5.3. The percentage of fruit infested by apple leafcurling midge for each 
season and cultivar at each property on the Waimea Plains, Nelson. 

Percentage Fruit Infested 
n1 Property 1 95/96 Season n1 96/97 Season 

Braeburn 1.0 200 0.3 400 
Royal Gala 0.0 250 1.4 500 

Property 2 95/96 Season n1 96/97 Season n1 

Braeburn 1.5 200 0.8 600 
Royal Gala 0.8 250 1.2 500 

Property 3 95/96 Season 0
1 96/97 Season n1 

Braeburn 0.0 200 0.2 600 
Royal Gala 1.6 250 2.2 500 

n l Number of fruit sampled for the season 
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DISCUSSION 

SHOOT AND LEAF INJURY 

The increase in the percentage of shoots injured by ALM during each season 

(Figure 5.1) can be accounted for by the increase in the ALM population during 

the season. Each generation of ALM would infest and hence injure additional 

leaves either on new shoots or those already injured by a previous generation of 

ALM. This observation has been made in other studies involving ALM (Tomkins 

et al. 1995, Walker et al. 1995, Tomkins et al. 1996). Although the number of 

shoots injured by ALM increased during the season, the number of leaves injured 

per shoot remained relatively constant from the middle of each season onwards 

(Figures 5.2 and 5.3). A possible explanation could be that from midway through 

the season some shoots begin to terminate growth. ALM infests actively growing 

shoots, therefore, as shoot growth ceases, further injury from ALM would also 

cease. The percentage of shoots injured would therefore increase as ALM locate 

other actively growing shoots. 

It is unclear why the percentage of shoots injured by ALM peaked approximately 

four weeks earlier and at a higher level in the 96/97 season than the 95/96 

season. In the 96/97 season, shoot growth rate and final length was slower and 

shorter, respectively, than in the 95/96 season (Chapter 2). A possible 

explanation could be that if shoots terminated and stopped growing earlier in the 

96/97 season, fewer actively growing shoots would be available for ALM 

infestation. Any shoots that were growing would have a higher chance of being 

attacked by ALM, therefore the percentage of shoots injured would increase. 

The higher growth rate of 'Royal Gala' (Chapter 2) would explain why the 

percentage of shoots injured was higher than that of 'Braeburn' in the 96/97 

season. The fact that no differences between cultivars occurred in 95/96 season 

might relate to the shoot growth during that season. For both cultivars, the shoot 
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growth rate was generally higher in the 95/96· season than in the 96/97 season 

(Chapter 2). With an abundance of shoots and new leaves to infest on both 

cultivars no difference in ALM injury between cultivars, would be likely. 

The weekly percentage of shoots injured by ALM declined in the last six weeks 

of each season. A study in Nelson during the 94/95 season showed a similar 

decline in the number of shoots with ALM leafcurling (Walker et ai. 1995). In 

that season, the number of shoots fell from above 80% infestation in February 

and March to below 40% in April. No explanation for the decline was provided. 

Later in the season, older leaves senesce and ALM-injured leaves tend to drop 

prematurely (Todd 1959, Tomkins et ai. 1994). This could result in a lower 

percentage of shoots showing ALM injury, hence the decline shown later in the 

season in this and the earlier study. Another potential cause for a decline in the 

percentage of shoots injured by ALM later in each season may be summer 

pruning. The cultural practice of summer pruning is to remove unproductive 

shoots and allow more light into the tree canopy, which aids the development of 

fruit colour (Jackson 1986). The removal of vigorous apical and water shoots 

would often occur during such pruning, and these shoots are favoured by ALM 

(Smith and Chapman 1995a). Therefore, a reduction in the percentage of shoots 

injured could potentially occur. Even with these explanations for the decline in 

injured shoots, it is not clear why this happened earlier in the 96/97 season than 

in the 95/96 season. The 96/97 season was drier (Chapter 2) than the 95/96 

season and this may have contributed to the earlier senescence of leaves. 

However, irrigation was provided on all properties and water stress by trees 

should not have occurred. 

The percentage of shoots injured and percentage of leaves injured per shoot in 

this investigation was similar to other published literature. Tomkins et al. (1994) 

found between 23 and 100% of shoots injured when surveying 30 orchards in the 

Waikato, but an average figure was not mentioned. From 2-30% of the leaves 

were injured per shoot in the same survey. A similarly survey of 30 orchards in 
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Nelson during the 94/95 season, had a range of9.8 to 41.7%ofthe shoots injured 

by ALM, with an average of 21.2% recorded (Smith and Chapman 1995b). No 

mention of the proportion of leaves injured per shoot was presented. However, 

both these investigations were surveys of several orchards as opposed to 

intensive observations on a single orchard during a season. The timing of surveys 

over several orchards is important when one considers how the percentage of 

shoots injured by ALM varies during a season. A survey conducted early in a 

season would likely find a low proportion of shoots injured by ALM, where the 

same survey conducted in February might reveal higher shoot injury. The timing 

of a survey would be even more significant for the proportion of leaves injured 

per shoot. Early in a season, only 7 - 10 leaves could be present on a shoot 

(Chapter 2). If a tip of the shoot were infested by ALM, five or so leaves could 

be curled. Visually this would look like a major infestation of ALM, often 

causing a significant concern for the orchardist (Smith and Chapman 1995b). 

Later in the season, even though the five leaves at the tip of shoot might be 

curled as before, the shoot would have over 20 leaves and visually ALM appears 

to be less of a problem. 

The previous chapter concluded that 'Royal Gala' may support a higher 

population of ALM compared with 'Braeburn'. The findings in this chapter are 

consistent with this observation. Although 'Braeburn' had a significantly higher 

mean level of shoot injury compared with 'Royal Gala' at property 2 in the 95/96 

season, when properties were pooled for analysis no significant cultivar 

difference was found. However, in the 96/97 season, 'Royal Gala' consistently 

had a significantly higher percentage of shoots injured by ALM compared with 

'Braeburn' for two out of the three properties. In addition, the mean percentage 

of leaves injured per shoot, regardless of season or property, was always higher 

on 'Royal Gala' than on 'Braeburn', although a significant difference between 

cultivars occurred only in the 96/97 season. Todd (1959) compared 12 apple 

varieties for ALM susceptibility and concluded that no significant varietal 

preference was detected. However, there were definite factors that may have had 
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a bearing on the susceptibility and degree ofALM infestation in that study. The 

most prominent of these was the presence or absence of terminal growth when 

ALM was emerging and ovipositing. Similarly in the current investigation the 

differences in susceptibility were mostly attributed to the faster growth rate and 

longer shoots that were found with 'Royal Gala' compared with 'Braeburn' 

(Chapter 2). 

All properties in this study were growing fruit using conventional orchard 

practices using similar insecticides (Appendix III) and cultural methods. It is 

possible that if all properties applied insecticides targeting ALM at optimum 

times, the levels of ALM injury would be similar between properties. This theory 

is supported by the results in the 95/96 season where all properties, regardless of 

cultivar, showed a similar level of ALM injury. However, in the 96/97 season, 

the percentage shoots and leaves injured showed a significant difference between 

properties. Property 3, in each case, had the highest amount of ALM injury. One 

difference between properties was the use of ground-applied diazinon insecticide 

(Appendix III). This practice occurred at properties I and 3, but not at property 

2. However, property 2 had the lowest level of ALM injury, so differences in the 

use of diazinon do not support an explanation about differences in shoot and leaf 

injury. Property 2 used a foliar application of diazinon on the 25 November and 

on the 3 December. Both properties 1 and 3 used only one foliar application of 

diazinon during this time (Appendix III). This extra application at property 2, 

could have suppressed the ALM population to a greater extent than at properties 

1 and 3. This could help explain why less ALM injury was recorded in the 96/97 

season at property 2 compared with the other two properties. In addition, 

properties 1 and 3 had a larger spacing between apple trees (Le., 5.0 x 2.5 m) 

compared with property 2 (Le., 4.5 x 2.5 m) (Table 2.1). This wider spacing 

produced larger trees with more growing shoots, and theoretically could support 

a larger population of ALM. Although such an idea is speculative, it may have 

resulted in more ALM injury occurring in properties 1 and 3 compared with 

property 2, as seen in the 96/97 season. 
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LARVAL NUMBERS 

The number of ALM larvae per leaf reported in the literature varies considerably. 

In Massachusetts, USA, the number of larvae per leaf varied from 9 to 30, (mean 

of 17), with one leaf containing 131 larvae (Whitcomb 1934). In New Zealand, a 

range of 1-491 larvae in a single leaf has been reported (Morrison 1953, Todd 

1956, Tomkins et al. 1995). These New Zealand studies found a higher 

maximum number of larvae per leaf than this current study where the maximum 

number of larvae found was 131 in the 95/96 season and 142 in the 96/97 season. 

All properties used in the current study were managed using conventional spray 

programmes, whereas Tomkins et al. (1995) results were from an unsprayed site. 

No reference to the management practices was stated by Todd (1956) although 

given the high number of larvae and the fact that the site was a research orchard, 

it is likely that the leaves sampled were from unsprayed apple trees. 

Regardless of the impact that insecticide use, or lack of it, might have on larval 

numbers per leaf there was still a large variation within each season. This is 

clearly shown in Figures 5,4 and 5.5, where larval numbers fluctuated 

considerably. In Matangi, Waikato, approximately 25 larvae per leaf were 

recorded mid way through November (Tomkins et al. 1995). This compares with 

60 larvae per leaf recorded at the end of January in that same season. A similar 

result was found in the 95/96 season with approximately 7 larvae per leaf 

recorded mid October, and 18 larvae per leaf recorded mid January (Tomkins et 

al. 1996). During the season, in both studies, larval numbers went through a 

series of peaks usually followed by a sharp decline in larval numbers over a 

period of 2-3 weeks. The series of peaks in larval numbers per leaf during each 

season would be directly related to each generation. As the popUlation of ALM 

increased over generations there would be a corresponding increase in larval 

numbers. This is supported by an earlier study where the number of larvae per 

leaf varied from 17 - 47 for the first generation of ALM, 18 - 161 for the second 

and 128 - 336 for the third (Todd 1959). 
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Another possible explanation for the fluctuations in the number of larvae per leaf 

during the season could be rainfall. Mature larvae tend to wait for a rainfall event 

before exiting leaves (Barnes 1948, Walker et ai. 1995). Regular rainfall 

occurred in both seasons (Chapter 2), enabling ALM larvae to exit leaves as soon 

as they matured. This resulted in a regular or constant emergence of ALM adults 

during the season, and regular egg laying. This would potentially result in a more 

uniform number of larvae especially in the younger stages (Le., clear and white) 

as shown in the larval numbers in second half of the 95/96 season (Figures 5.2 

and 5.3). However, during the 96/97 season, despite the regular rainfall, larval 

numbers showed extreme peaks and troughs throughout the season (Figures 5.4 

and 5.5). Why this occurred is unclear, but if a large number of ALM adults 

emerged at a similar time, as shown in Chapter 4, the following egg-laying 

period would result in a rapid increase in the number of larvae per leaf, followed 

by a sharp decline 2-3 weeks later. In addition, a large number of adults 

emerging during a short time would also result in a high proportion of the 

available shoots becoming infested by ALM. This would help to explain why 

more shoot and leaf injury occurred in the 96/97 season. 

FRUIT INFESTATION 

The low levels of fruit infestation by ALM found in this study would cause 

quarantine restrictions only for apple exports to Japan. This low level of fruit 

infestation is surprising given the relatively high (greater than 50%) ALM 

infestation of shoots and leaves shown in this study. Tomkins et ai. (1995) 

recorded fruit contamination in the range of 0 - 10.5% in Waikato during the 

93/94 season. The same study concluded that there was very weak relationship 

(R2= 0.20) between shoot and leaf injury and fruit contamination by ALM. The 

shoot and leaf injury levels recorded in this study were obviously too low to 
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cause any major quarantine problems with ALM fruit contamination. At higher 

levels of shoot infestation (above 80%) the percentage of fruit contamination 

may cause quarantine restriction from several markets, but this has not been 

confinned. Likewise, what situations could cause high fruit contamination have 

not been evaluated. For example, if rainfall occurred during harvest, and there 

was a large population of mature larvae in apple leaves, the potential for fruit 

contamination would be high. 

SUMMARY 

• The increase in the percentage of shoots injured by ALM during the 

season was considered to indicate an increase in the ALM popUlation. 

• In the last month or two of each season the percentage of shoots injured 

by ALM declined. This could be attributed to the premature drop of ALM 

injured leaves or the orchard practice of summer pruning. 

• The levels of ALM injured shoots and leaves found in this study were 

similar to that reported in previous studies. 

• In general, 'Royal Gala' had a higher percentage of shoots and leaves 

injured for both seasons compared with those of 'Braebum'. This was 

most likely due to the higher growth rates and shoot length of 'Royal 

Gala' (Chapter 2). 

• All three properties showed similar levels of ALM injury in the 95/96 

season, although injury was significantly higher at property 3 in the 96/97 

season. 
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• The number of larvae per leaf fluctuated considerably throughout both 

seasons. This fluctuation was probably related to the timing of each 

generation of ALM. 

• More regular numbers of ALM larvae per leaf occurred in the 95196 

season compared to the 96/97 season. This was attributed to the regular 

rainfall events during the 95196 season and overlapping ALM 

generations. A more synchronised emergence of ALM adults occurred in 

the 96/97 season, resulting in fluctuations of larval numbers per leaf 

during the season. 

• Fruit infestation by ALM was low (<2.5%) for both seasons at all 

properties. 
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LIFE TABLE ANALYSIS FOR ALM 

INTRODUCTION 

The population abundance of any species fluctuates as a result of the impacts of 

biotic and abiotic factors (Southwood 1976, DeBach and Rosen 1991). In any 

population, growth does not occur for long before some factor causes it to slow 

or stop (Varley et al. 1973). Usually in insect populations, few individuals die 

through senescence, because predators, parasites, disease and other hazards kill 

most long before they reach old age (Krebs 1978). The impact of such factors on 

insect populations and the stage at which most mortality occurs are important to 

determine the dynamics of any insect population (Southwood 1976). The need to 

understand population dynamics is especially important if the insect is a pest. 

Life tables have been used for centuries in human demographical studies and as a 

method to estimate life expectancy of an applicant for insurance purposes 

(Harcourt 1969, Southwood 1976). Deevey (1947) was the first to apply the life 

table approach to natural populations and Morris and Millar (1954) presented the 

first detailed example for a naturally occurring insect population. Since then, 

many examples of life table analysis have been published (Manly 1990, Dent 

1997) indicating wide acceptance of the method. 

Broadly, there are two types of life tables. Time-specific (or vertical) life tables 

where census data are taken on a single occasion when it is assumed that all 

generations are completely overlapping and hence all age classes are present 

simultaneously. In contrast, age-specific (or horizontal) life tables involve 

repeated counting of a single cohort of similar aged individuals over time (Dent 

1997). The latter type is more commonly used in entomology (Dent 1991). A 

third type of life table, a "rolling life table" combining elements of both age­

specific and time-specific life tables was proposed by Room et al. (1991), 

although this method has not been widely adopted. 

CHAPTER 6: Life Table Analysis for ALM page 116 



The method most widely used for the construction of age-specific life tables 

follows that developed by Varley and Gradwell (1960, 1963, and 1965) and 

Varley et al. (1973). Their approach requires data from a number of generations 

in a series of successive life tables (Dent 1997). Key factor and density­

dependent relationships can then be determined provided that details are 

collected over sufficient number of generations. 

Developing comprehensive life tables for most insects from field data is difficult 

and complex. Detailed sampling techniques within acceptable limits of statistical 

accuracy are required to estimate the number of individuals at different stages in 

the life cycle. Few previous studies have attempted to gather such data for ALM 

life stages. Whitcomb (1941), in an attempt to determine a level of fecundity for 

ALM, dissected 12 gravid females and found an average of 155.5 ± 6.6 eggs per 

female. The same study found the average number of eggs laid per shoot tip 

during the first generation of ALM was 318 ± 13.4. Tomkins et al. (1995), in a 

phenological and ecological study of ALM in a Waikato orchard, recorded up to 

570 eggs on a shoot tip. Large clumps of 50-70 eggs have also been reported on 

shoot tips (Galanihe 1996). All these findings suggest that more than one female 

may oviposit on the same shoot tip. 

Several reports have recorded the total number of larvae per leaf roll, with the 

number ranging from a few to several hundred (Barnes 1948, Todd 1956, 

Tomkins et al. 1995). None of these studies presented data on the numbers of 

each larval stage. Data on larval survival and adult emergence are also extremely 

limited. In a biological study of ALM in Massachusetts, USA, Whitcomb (1941) 

reported that 42.4, 27.6 and 13.3 percent of the larvae collected in June, July and 

August, respectively, emerged as adults the next spring when overwintered in 

sand. In a New Zealand study, an average of 48.7 percent of larvae emerged as 

adults when placed on a bark substrate (Galanihe 1996). However, both studies 
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were carried out in the laboratory and may~have over-estimated survival that 

occurs in the field. 

The life history of ALM makes it difficult to gather accurate quantitative data on 

all life stages in the field. Like many insects, ALM spends its life cycle in more 

than one habitat, on shoot tips and leaves as eggs and larvae, and soil and leaf 

litter as pupae before emerging as adults. Such a life cycle requires different 

sampling methods for each life stage. Often these sampling methods are not 

directly comparable as the base sampling unit varies. In addition, only the first 

two ALM generations within a season are clearly distinguishable, as generations 

overlap later in the season. Furthermore, to establish the number of larvae in leaf 

rolls involves destructive sampling thereby eliminating any opportunity to track 

development or establish the levels of mortality between larval stages. Despite 

these difficulties some estimate of the mortality of each life stage would 

contribute to the understanding of ALM population dynamics and the 

development of long term pest management programmes. Once detailed 

information on the various life stages of an insect has been gathered there are 

several methods of analysing and deriving life tables from it, each with its own 

set of assumptions and methods of computation. 

This chapter attempts to combine some of the results discussed previously 

concerning estimates of egg and larval numbers (Chapters 4 and 5) to develop a 

partial life table for ALM. A partial life table provides some insight into the life 

history of a pest and contributes to understanding population dynamics. 

Specific objectives of the research in this chapter were to: 

(a) determine the level of mortality for some life stages of ALM; 

(b) construct a partial life table for ALM on both 'Braeburn' and 'Royal 

Gala' to assist interpretation of the life history of ALM on these apple cultivars. 
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METHODS 

The data used in this chapter were gathered from the orchard blocks described in 

Chapter 2. Each orchard block was visited regularly from 27 September 1996 to 

14 April 1997 (96/97 season). Each week during the season, 50 apple shoot tips 

were sampled and assessed for ALM eggs in the same manner as described in 

Chapter 4. Similarly, any recently curled or ALM-infested leaves were removed, 

dissected and the larvae counted as described in Chapter 5. 

The number of ALM eggs and larvae sampled from each property were 

combined to obtain two sets of data, one for each cultivar. The Kiritani-Nakasuji­

Manly (KNM) method (Manly 1990) for muti-cohort data was used to estimate 

mortaliti~s and stage duration. The estimated stage mortalities were then used to 

present data in a conventional life table format to calculate k-values (Varley and 

Gradwell 1960, 1963 and 1965). The main terms used in the construction of 

conventional life tables are described below. 

x 

Ix 

dx 

qx 

k-value 

K 

development stage or age 

the number entering the age class/stage from the previous 

stage/class 

the numbers dying in age class x 

the apparent mortality or numbers dying as a proportion 

(usually as percentage 100qx) of those entering the 

stage/class 

the difference between successive values of log Ix 

total mortality of the generation calculated by adding 

sllccessive k-values 
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There are three· main assumptions for use of the KNM method of life table 

analysis. First, the survival rate per unit time should be similar in all stages for 

the entire sampling period. Second, sampling should be started at or shortly after 

when individuals begin to enter the first stage (eggs) and continue to all or 

almost all the individuals mature beyond the final stage of interest or die. Third, 

population losses through migration should be negligible. 

The second assumption was met by the sampling programme in this study. The 

first and third assumptions were found to be reasonable when the data gathered 

for ALM were examined. A linear decline (~ values between 0.7 and 0.9) in log 

numbers versus time after the first life stage (eggs) was found, indicating 

constant mortality rate per unit time (Manly 1990). Migration or emigration 

within.each generation in each orchard block was considered minimal, as ALM 

eggs and larvae are not capable of moving from tree to tree. 

The partial life table analysis was performed on the data for egg numbers and the 

first few larval stages of each generation. Low numbers were recorded in the pale 

orange category (approximately third instar), so for the purpose of the analysis 

this stage was combined with the orange larval stage. The number of orange 

larvae that entered the pupal stage could not be established and neither could the 

mortality of the orange stage as this was the final stage of the partial life table. 

No trials were conducted to determine the survival of pupae or percentage 

emergence of adults. Life tables were constructed for only the first four and first 

three generations of ALM on 'Royal Gala' and 'Braeburn' cultivars, 

respectively, because ALM generations overlapped later in the season preventing 

separation. 

All tables were constructed and calculations carried out using a Microsoft Excel 

97 spreadsheet. Details of the formulas and calculations for analysis of life tables 

using the KNW method are described in Manly (1990). 
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RESULTS 

High mortality was estimated for each ALM generation. The first generation of 

ALM on 'Braebum' had the lowest mortality with an estimated 89.7% of 

individuals dying before reaching the orange larval stage (i.e., sum of k-values 

before the orange larval stage) (Table 6.1). A mortality of 99.1 % was estimated 

for the same period in the fourth generation of ALM on 'Royal Gala'. Higher 

mortality tended to occur in the later generations of ALM on both cultivars. The 

mortality calculated for 'Royal Gala' was generally higher than that on 

'Braebum' for the life stages presented (Table 6.1). 

For both cultivars, the transition from white to orange larvae had the lowest 

survival (i.e., 1- qx) (Table 6.1). In all generations, over 70% of the larvae in the 

white life stage died before reaching the orange life stage. Podoler and Rodgers 

(1975) suggested that the slope of the regressions of k-values on K indicate the 

importance of different k-values in determining K (Manly 1990). The regression 

of a k-value with the steepest slope is the key factor. In this study, the white to 

orange life stage regression of k-values had the steepest slope (Table 6.2) In 

comparison, the eggs to clear larval stage and the clear to white larval stage 

regression of k-values both had flatter slopes (Table 6.2). 
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TABLE 6.1. Partial life tables for apple leafcurling midge on 'Royal Gala' and 
'Braebum' apple cultivars during the 96/97 season on the Waimea Plains, 
Nelson. 

ALMStae:e 'Royal Gala' 'Braeburn' 
Ix d.x 100qx log k-value Lx d.x 100qx log 

Ix+l Inl 
Generation 1 
Adults 
Eggs 1000 3.00 1000 3.00 

deaths 452 45.2 228 22.8 
Clear larvae 548 2.74 0.26 772 2.89 

deaths 230 42.0 221 28.6 
White larvae 318 2.50 0.24 551 2.74 

deaths 265 83.4 448 81.3 
Orange larvae 53 1.72 0.18 103 2.01 
K (so far) 1.28 

Generation 2 
Adults 
Eggs 1000 3.00 1000 3.00 

deaths 649 64.5 747 74.7 
Clear larvae 351 2.54 0.45 253 2.40 

deaths 152 43.3 95 37.4 
White larvae 199 2.30 0.25 158 2.20 

deaths 146 73.5 120 76.1 
Orange larvae 53 1.72 0.58 38 1.58 
K (so far) 1.28 

Generation 3 
Adults 
Eggs 1000 3.00 1000 3.00 

deaths 626 62.6 820 82.0 
Clear larvae 374 2.57 0.43 180 2.25 

deaths 186 49.6 112 62.3 
White larvae 188 2.28 0.29 68 1.83 

deaths 177 94.1 57 83.2 
Orange larvae 11 1.05 1.23 11 1.04 

K (so far) 1.95 

Generation 4 
Adults 
Eggs 1000 3.00 

deaths 545 54.5 
Clear larvae 455 2.66 0.44 

deaths 162 35.7 
White larvae 293 2.47 0.19 

deaths 284 96.9 

Orange larvae 9 0.95 1.52 
K (so far) 2.15 
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0.11 

0.15 

0.73 
0.99 

0.60 

0.20 

0.62 
1.42 

0.75 

0.42 

0.79 

1.96 



TABLE 6.2. Slopes calculated from the regression of k-values for each life stage 
against K for the partial life table for apple leafcurling midge in the 96/97 season. 
Cultivars and generations are pooled. 

Life Stage 
Eggs to clear larvae 
Clear to white larvae 
White to orange larvae 

Slope 
0.24 
0.11 
0.66 

0.246 
0.281 
0.584 

The duration of the white larval stage estimated by the KNM method was the 

longest of all life stages represented (Table 6.3). A mean of 9.10 (± 1.25) and 

lD.25 (± 5.38) days was calculated for 'Royal Gala' and 'Braeburn' respectively. 

The development of clear larvae took the least time, with approximately 2.6 days 

required for the development on both cultivars. An unusually high number of 

days (7) for the egg stage was estimated for both cultivars in the second 

generation (Table 6.3). In all other generations less than 5 days were estimated 

for egg development. Later generations for both cultivars had shorter egg 

development times (Table 6.3). 

TABLE 6.3. Duration (days) of each life stage of apple leafcurling midge during 
the 96/97 season. 

Cultivar and Eggs Clear Larvae White Larvae 
Generation Duration (days) Duration (days) Duration (days) 

'Royal Gala' 
Generation 1 4.24 3.83 12.63 
Generation 2 7.04 3.82 8.94 
Generation 3 2.77 1.93 7.99 
Generation 4 1.55 0.87 6.84 

Mean (SE) 3.90 (1.18) 2.61 (0.73) 9.lD (1.25) 
Cultivar and Eggs Clear Larvae White Larvae 

Generation Duration (days) Duration (days) Duration (days) 

'Braeburn' 
Generation 1 3.15 4.10 20.45 
Generation 2 7.80 2.66 8.13 
Generation 3 2.09 1.91 2.17 

Mean (SE) 4.35 (1.75) 2.65 (0.84) lD.25 (5.38) 
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DISCUSSION 

The KNM analysis of ALM life stages has provided some information about 

ALM life stage parameters. The analysis suggests high mortality occurred during 

the egg and larval stages. This is quite typical as many insect populations 

experience low survival rates in early life stages (Krebs 1978, Stiling 1988, 

Gullan and Cranston 1994). Greater than 95% mortality had occurred before the 

final larval stage in over half the generations. 

The next three life stages, orange larva, pupa and adult would also be likely to 

experience mortality given the characteristics of each life stage. For example, 

orange larvae develop within the leaf rolls, remain in the leaf rolls until a suitable 

rainfall event occurs, exit the leaf rolls, drop to the soil, successfully burrow into 

the soil and pupate. There are several stages where mortality of orange larvae 

could occur in such a sequence (e.g., desiccation, injury when dropping to soil 

surface, predation on soil surface). Despite the potential for high mortality in the 

later life stages of ALM, there would need to be only a small proportion of 

surviving females to maintain the population given the potential fecundity of 155 

eggs per female reported by Whitcomb (1941). This estimated fecundity also 

highlights the potential for ALM popUlations to increase rapidly given suitable 

conditions, and helps explain why ALM can quickly reach pest levels in 

orchards. 

The KNM life table analysis suggests white larvae had the highest mortality. 

This was unexpected as usually the egg and first instar stages incur the highest 

losses in insect populations (Krebs 1978, Stiling 1988). These estimates may 

result from the lower number of orange larvae recorded. Lower numbers is likely 

to be a.result of orange larvae dropping to the soil during rainfall. The sampling 

system involved counting larvae in the leaves only. Inevitably some larvae would 

have dropped to the soil in response to the even spread of rainfall throughout the 

season (Chapter 2). This would have resulted in an underestimate of the numbers 
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in this larval stage and hence an overestimation of mortality in the previous life 

stages. With the faster development rate estimated for the later ALM generations 

(Table 6.3), it is possible a greater proportion of orange larvae were not sampled, 

given the weekly sampling regime, before they dropped to the soil. This could 

help explain why there was an increased estimated mortality of white larvae in 

later generations. These results highlight the importance of accurate 

determination of the number of orange larvae. Future studies should devise some 

way of measuring the number of orange larvae emerging from leaves, e.g., 

bagging branches. In addition, consideration of ALM responses to temperature 

and rainfall events would be needed in future studies when sampling for 

monitoring and management of this species. 

The overall K for each generation indicated that later generations of ALM had 

lower survival. The observations and findings of earlier chapters support this. 

Both egg laying and the number of larvae per leaf peaked about three quarters of 

the way through the growing season (Chapters 4 and 5) at about the third ALM 

generation. Several studies have shown that ALM populations increase early in a 

season, followed by a reduction later in the season (Tomkins et ai. 1995, Walker 

et ai. 1995, Smith and Chapman 1996 and 1997). In this study, no attempt was 

made to measure factors that may limit ALM population growth. A decrease in 

population numbers later in the season may also be in response to increasing 

numbers entering diapauses. 

A density-dependent response to the lack of suitable oviposition sites later in the 

season, could play an important role. Plotting k-values against log (densities), as 

estimated by the KNM method, showed a clear density-dependent response 

(positive slope) within the egg stage. Later in the season there are no actively 

growing shoot tips (Chapter 2), therefore oviposition would occur on less 

suitable sites and hence mortality would increase compared with earlier in the 

season. Another limiting factor could be the warmer but drier conditions later in 

the season. The probability of larvae desiccating in the rolled leaves, which often 
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tum brown and brittle quickly in such conditions (Tomkins et al. 1995 and 1996, 

Walker et al. 1995), would increase. Todd (1959) concluded that the most likely 

reason for fewer larvae surviving the fourth generation in the 1956157 season 

was due to the seasonal dryness and lack of ovipostion sites. 

The mean duration of the first few life stages of ALM in this study suggested an 

average of 16-18 days with a range of 6-27 days for the development of eggs to 

the end of the white larval stage. Todd (1959) found it took between 15-31 days 

for ALM to develop from egg to mature orange larvae which gives some support 

to this result. The stage duration obviously would be greatly influenced by 

temperature. Later generations, which experienced warmer temperatures, clearly 

developed faster than earlier generations (Table 6.3). 

The partial life tables presented here provide some information into the 

population dynamics of ALM it is important to discuss the limitations of the data 

presented. From the sampling, no measurement of the number of a specific life 

stage, which were found dead, (e.g., desiccated eggs, parsitised larvae) was 

made. The KNM analysis estimated that the difference between the number of 

one stage and another was equal to the number of deaths that occurred. A 

comparison between the KNM analysis and actual numbers of dead or parsitised 

individuals found would be useful to evaluate the suitability of the KMN analysis 

and the associated life table. Clearly, only a few stages of the life history of ALM 

have been used to construct the tables and mortality in the later stages remains 

unknown. This later mortality is likely to be a significant component in the 

population dynamics of this species, especially the survival of overwintering 

pupae. Without such information, predicting ALM popUlation size from one 

season to the next is not possible. Survivorship information for the later life 

stages is required to estimate the number of females and hence the number of 

eggs in the next generation. Such detail would provide the necessary data to 

construct life tables, and determine when an ALM population was increasing or 

decreasing. 
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Though no attempt has been made to identify the causes of mortality in ALM 

larvae, predation and parasitism must be considered. The parasitoid, Platygaster 

demades Walker, introduced in 1925 to control pear leafcurling midge, has been 

shown to attack ALM also. Todd (1959) found levels of up to 89% parasitism of 

larvae for some generations of ALM in the 1955/56 season from unsprayed trees. 

Two recent reports on Integrated Fruit Production suggest that the predators 

Sejanus albisignata (Knight) and Orius vicinus (Ribaut) are the most useful 

natural enemies of ALM (Walker et al. 1995, Wearing 1996). However, the 

parasite does not appear to be present in commercial orchards that are sprayed 

with broad-spectrum insecticides (Anon 1994, personal observation). Therefore, 

it would be unlikely that S. albisignata or O. vicinus would have any major 

impact on the populations of ALM in the study sites. This is primarily because 

all properties involved in this study were using conventional pest control 

programmes where the use of broad spectrum insecticides was common. These 

insecticides would have reduced natural enemies to levels where their impact on 

ALM populations would be minimal or non-existent. Insecticide applications 

(principally diazinon), on these properties would also have affected ALM 

population levels. Foliar applications of diazinon are timed for peak ALM egg 

laying and are likely to have the greatest impact on the egg and clear larval life 

stages. Determining if there was a correlation between the proportion of dead 

eggs with the timing of insecticide over a season would provide some insight into 

how effective insecticide applications may be. Furthermore, comparing mortality 

of eggs and young larvae between insecticide-treated and untreated blocks would 

also yield useful information. However, neither of these suggestions have been 

investigated to date. Despite such insecticide applications, the results from the 

partial life tables suggest the highest mortality occurred in the white larval stage. 

Clearly, more information is needed on all the life stages of ALM and related to 

factors that affect survival. Even though the partial life tables presented in this 

chapter may do little to determine what factors influence populations, a sequence 

of such tables, suitably replicated in time and place, could increase the 
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understanding of ALM population dynamics; Ultimately, such an analysis may 

help to predict the frequency and severity of insect outbreaks and the most 

opportune periods for management. 

SUMMARY 

• Kiritani-Nakasuji-Manly analysis of weekly sampling data estimated that 

the approximately 95% mortality of ALM occurred between the eggs to 

orange larval stage for most generations, although the mortality of orange 

larvae, pupae and adults was not estimated. 

• Despite the high mortality estimated for early developmental stages (and 

assumed mortality for later life stages), it is proposed that given the 

estimated fecundity and assuming most eggs were oviposited on shoot 

tips, only a small proportion of surviving females would be needed to 

maintain the population. This may explain why ALM can quickly become 

a pest concern on orchards. 

• For the life stages analysed, (eggs, clear, white and orange larvae), the 

white larvae experienced the greatest mortality in all ALM generations. 

However, the mortality of orange larvae may have been overestimated by 

the sampling technique because they regularly exit leaf rolls and fall to 

the soil to pupate. 

• Higher total mortality occurred in later generations of ALM on both 

cultivars, with 99.1 % and 98.9% mortality occurring on the fourth and 

third generations on 'Royal Gala' and 'Braeburn' cultivars, respectively. 

This could have been attributed to the reduced availability of oviposition 

sites, drier weather later in the season and increasing larval mortality. 
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• It took between 6-27 days for the transition from eggs to the end of the 

white larval stage. Similar development times for ALM have been found 

in other studies. Later generations of ALM developed more rapidly, most 

likely in response to warmer temperatures. However, the development 

response of ALM to temperature would need to be determined to confirm 

this suggestion. 

• The specific causes of mortality in each generation were not identified in 

this study. It is suggestedd that weather conditions and insecticide 

applications would have had the greatest impact on ALM populations in 

the 96/97 season. 

• Given the limitations of the data used in the life table analysis, further 

insight into the population dynamics of ALM could not be established in 

this study. Accurate estimates of the mortality in later larval stages and 

pupae, adult emergence, and fecundity, combined with impacts of biotic 

and abiotic factors are required. 
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CIBIAlIfJ7flEJ&. 7' 
USE OF DIAZINON FOR THE MANAGEMENT 
OFALM 

INTRODUCTION 

Synthetic chemical insecticides have been used to suppress insect pest 

populations for over 50 years (East and Holland 1991, Harris 1972, Pimentel 

1981). Their intensive use during this time has led to problems such as 

insecticide resistance, loss of natural enemies, secondary pest outbreaks and 

environmental contamination (Dent 1995, Zadocks 1993). Despite these hazards, 

synthetic insecticides still provide the most cost effective way of suppressing 

many insect pest populations (East and Holland 1991). With careful chemical 

selection and correct timing of applications, ecological damage can be kept to a 

minimum. However, to achieve effective use of insecticides a thorough 

knowledge of the pest's phenology and ecology is required. Knowledge about 

the mobility and stability of insecticides in the field and pest response to such 

insecticides is also required. 

Diazinon (0, O-diethyl 0- (2-isopropyl-4-methylpyrimidin-6-yl) phosphorothioate) is 

a broad-spectrum organophosphate insecticide and has been used in New 

Zealand since 1960. It has been widely used in horticulture and agriculture as a 

soil-applied insecticide for the control of several pests including porina (Wiseana 

spp.) (Stewart and Ferguson 1989), grass grub (Costelytra zeaiandica (White» 

(Barker 1987), armyworm (Mythimna separata (Walker» (Blank et ai. 1989) and 

carrot rust fly (Psila rosae (Fabricius» (Tate 1970). It is also used as a foliar­

applied insecticide for the control of insects such as greedy scale (Hemiberiesia 

rapax (Comstock» (Blank and Olsen 1990), aphids, mealybug (Pseudococcus 

spp.), San Jose scale (Quadraspidiotus perniciosus (Comstock», woolly apple 

aphid (Eriosoma lanigerum (Hausmann» and various tortricid species on fruit 

crops (O'Connor 1998). 
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Recently, diazinon has been used increasingly on apple trees, specifically for the 

control of ALM. Smith and Chapman (1995 a, b) found that 80% of growers 

surveyed in the Nelson district during the 1994/95 season had or were intending 

to use diazinon to control ALM. In comparison, a survey conducted in the same 

district two years earlier showed that only 9.4% and 12.6% of growers had used 

diazinon during the 1992/93 and 1993/94 seasons, respectively (June 1994). This 

trend was not confined to the Nelson district. Several other apple growing 

districts in New Zealand (e.g., Waikato, Hawke's Bay) also experienced an 

increase in the application of diazinon in the four years before 1995 (June 1994, 

Tomkins et al. 1994). The increased use of diazinon in these districts was 

attributed to the need to control ALM. 

Currently, diazinon and carbaryl are the only insecticides available for use on 

orchards that specifically have registered label claims for controlling ALM 

(O'Connor 1998). Although diazinon is commonly applied as a foliar spray, 

many orchardists have applied this insecticide to the soil in an attempt to control 

overwintering ALM or adults emerging in the spring. Which approach is the 

more effective way of suppressing ALM populations is unknown. No studies 

have been published on the effect of soil-applied diazinon on ALM, but, some 

guidance may be provided by studies with other insects. For example, Harris and 

Mazurek (1966) tested the insecticidal effects of diazinon by placing test insects 

on treated soil one hour after application. They found that greater than 0.5 ppm 

of diazinon was required to have any insecticidal activity on field crickets 

(Acheta pennsylvanicus (Burmeister». In another study, the minimum 

concentration of diazinon in the soil required to cause any mortality to 

picturewinged flies (Chaetopis debilis (Loew» was 0.1 ppm. However, the type 

and moisture content of soils are major factors that influence the biological 

activity of soil-applied insecticides. Diazinon has been shown to be less effective 

in soil with high sand or silt contents (Harris 1966, Harris and Mazurek 1966). In 

contrast, moisture greatly enhances the insecticidal activity of diazinon in 

CHAPTER 7: Use of Diazinon for the Management of ALM page 131 



mineral soils (Harris-1964). Harris (l966) found that the LDso of diazinon for 

first instar cricket nymphs was 130-fold lower in moist sandy loam compared 

with dry sandy loam soils. 

There is considerable debate concerning which life stage of ALM a soil 

application of diazinon targets. Correct timing of diazinon applications would be 

less important if pupae were the target as they overwinter in the soil. However, 

adults are likely to be more susceptible to diazinon because, unlike pupae, they 

are not encased in a silken cocoon and become in direct contact with the 

insecticide (Barnes 1948, Todd 1956). Phenological studies from Chapter 4 have 

shown that overwintering adults emerge over several weeks during spring, which 

would make the timing of soil applications critical for suppression of ALM. The 

persistence of diazinon in the soil is another important consideration when using 

soil applications. Getzin (1967) and Bartsch (1974) both concluded that the half 

life of diazinon in a loam soil was two weeks. This suggests that any insecticidal 

action provided by diazinon could be short lived, although the amount applied 

initially and the minimum concentration required to have an effect would have 

an influence. 

Emergence traps often capture insects at a specific stage of their life history as 

they pass from one part of their habitat to another (Southwood 1976). Such traps 

can provide a convenient way of measuring the impact of soil-applied 

insecticides. They provide a simple way of capturing all the individuals that 

emerge from a defined area. Emergence traps could provide direct comparisons 

between the number of adult ALM captured between insecticide-treated and non­

treated (control) blocks. Other sampling methods used in earlier chapters (e.g., 

percentage of shoot tips with eggs, number of leaves curled) are inappropriate as 

ALM migrating in from outside the experimental arena could influence the 

results. 
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There were three main objectives of the research presented in this chapter: 

(a) to measure the persistence of diazinon in the soil on a conventionally 

managed orchard property; 

(b) to evaluate the effect of soil-applied diazinon and its timing on the 

emergence of adult ALM; 

(c) to compare decay rates of diazinon in the soil and potential mortality 

curves of ALM. 

METHODS 

SITE DESCRIPTION 

The 'Royal Gala' apple cultivar block at Property 2 described in Chapter 2 

(Methods - Site Description) was chosen for this investigation. This property was 

selected because no ground applications of diazinon had been applied previously, 

and the site had a relatively high population of ALM in the 1995/96 season. The 

property's soil type was classed as Ranzau stoney clay loam. The alluvium on 

which this soil type is formed is derived from grey wacke, argillite, sandstone, 

limestone and ultrabasic rocks. The pH is normally moderately acid with low 

phosphorus levels and medium levels of potassium, nitrogen and calcium. The 

Ranzau stoney clay loam soil type generally has low moisture retenti?n cap.acity 

with a moderate organic matter content (Molloy 1988, McLaren and Cameron 

1990). 

CHAPTER 7: Use of Diazinon for the Management of ALM page 133 



DIAZINON PERSISTENCE 

Diazinon 600 EW® was applied to the soil on plots of approximately 56 m2 at a 

rate equivalent to 4 L/1000 L water per hectare (0.24 g of a.i. per m2
) using a 

knapsack sprayer. Four treatments were compared: a single diazinon application 

made on three dates and an untreated control (no application of diazinon or 

water). In the first treatment, diazinon was applied on 7 September 1996, in the 

second treatment on 21 September, and in the third treatment on 5 October 1996. 

The third treatment was applied one week before full bloom to prevent any bee 

toxicity. There were three replicates of each treatment arranged in a randomised 

complete block design. 

From each of the diazinon-treated plots, 20 soil core subsamples (diameter 20 

mm, depth 50 mm) were removed and combined to form one bulked sample-at 1, 

7, 14, 21, 35, 49, 63, and 84 days after diazinon applications. One set of 

subsamples was taken before each diazinon application as a control (day 0). 

Overseas studies conducted on the decay of diazinon in soil have shown that this 

chemical may persist in soil at detectable levels for up to 20 weeks (Getzin and 

Rosefield 1966, Getzin 1967), but in most reports, 50% of the diazinon residue 

decayed after four weeks. The previously mentioned sampling dates were chosen 

based on these studies. 

Each soil sample was analysed for diazinon residues using the internationally 

accredited New Zealand IS09002 and ISO LabGuide 25 standards registered by 

the soil testing laboratory at the Plant Protection Research Unit, Lincoln 

Ventures Ltd, Lincoln University. Samples were analysed using a variation of 

PPRU/SOP 4.04 method as derived from the standard AOCA method 29.013 

(1984) and quantified using GCMSD (L.H. Banks, pers. comm.). Table 7.1 

outlines the residue extraction and analysis methods. 
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TABLE 7.1. Diazinon residue extraction and analysis methods. 

Preparation 

Clean up 
Equipment and 
Conditions 

Detection 

Soil samples dried and sieved 
Subs ample taken and dry weight recorded 
Solvent extracted 
Florisil column chromatography 
Alltech Pesticide Column with capillary GC column #13662 
·Programmable temperature ramp 
Helium carrier gas, flow rate 1.0mL/min 
Hewlett Packard 5890 Series 2 Gas Chromagraph 
External Standards - diazinon 0.1,0.2,0.5,2.0 and 5 ppm 
Single Ion Monitoring (SIM) 
Hewlett Packard 5971 Series Mass Selective Detector 
Limit of detection - 0.01 mg/kg 

The residue samples from the testing laboratory were collated (Appendix IV) and 

showed some diazinon residue values were unusually high compared with other 

values. These samples were rechecked by the soil testing laboratory but no 

change from the initial pesticide residue was measured. Discussions with the 

orchardist on whose property this experiment was conducted did not reveal any 

plausible explanation (i.e., no foliar application of diazinon occurred). Since no 

reason for the unusual values was found, and because they go against an 

expected decay trend and would have a major and unjustified impact on the final 

outcome, they were excluded from the decay curve analysis. The first soil sample 

(day 0) was also excluded from the analysis as this initial sample was only taken 

to determine any diazinon residues before each treatment. Initial readings of 

diazinon for these samples were below the limit of detection (0.01 mglkg). 

The residue values included in the analysis are well described by an exponential 

decay curve. The data were transformed using natural logarithms and linear 

regression was conducted to obtain the decay rate (slope) for each replicate. The 

regression coefficients were then used to establish the half life values for each 

treatment replicate. Both decay rates and half lives (Le., time in days for diazinon 
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to decline to 50% of the . initial residue) were then analysed by analysis of 

variance, to detennine any difference between treatments. 

VEGETATION COVER 

Before diazinon was applied to each plot, an estimate of the soil covered by 

living vegetation was recorded. These estimates were considered necessary as 

the amount of vegetation cover could influence the amount of diazinon that 

reached the soil surface. Application recommendations suggest that for best 

results the ground surface be free of vegetation and trash (O'Connor 1998). 

Therefore, any difference between treatments with respect to vegetation cover 

should be assessed when evaluating the timing of diazinon applications for the 

suppression of ALM. A 0.0625 m2 wire quadrat was randomly placed in each 

plot, 16 times. Each time the percentage of the quadrat that was covered by 

vegetation was estimated visually. Analysis of variance was conducted on the 

vegetation cover estimates to detennine any differences between diazinon 

treatments. 

ADULT ALM EMERGENCE 

For each of the treatments described earlier, two emergence traps of design 1 

(Chapter 3) were placed in each plot on 25 September 1996. Each trap was 

randomly placed no more than 1300 mm from a tree trunk. Each week from 25 

September 1996 to 15 January 1997, the top of the attached trap was replaced 

with a freshly coated sticky petri dish lid. The removed lids were examined 

under a binocular microscope and the number of ALM adults recorded. 

The emergence traps were shifted on 18 November 1996. This was necessary 

because the traps prevent mature larvae, which have exited leaves in the tree 

canopy, from pupating in the soil beneath the trap (see Chapter 4). November 18 

was chosen, based on egg laying and trap capture results during the season 
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(Chapter 4, Figure 4.4) Two trapping periods of this experiment covered the 

periods from 25 September to 18 November 1996 (seven weeks), and 18 

November 1996 to 15 January 1997 (eight weeks). Comparisons between the 

average number of ALM adults captured in each emergence trap for each 

diazinon treatment were conducted using analysis of variance. 

DECAY RATES AND MORTALITY CURVES 

To provide some insight into the mortality effects of soil-applied diazinon, a 

series of equations relating decay rates and hypothetical accumulated mortality 

curves were compared. Stanley et al. (1989) described insecticide induced 

mortality as a function of the duration of exposure and residue concentration by a 

log logistic tolerance distribution used by Reissig et al. (1983). Stanley et al. 

(1989) used the following formula to determine the probability of an individual 

dying after a certain number of hours of exposure to an insecticide residue: 

(1) 

Where PCtij) is the probability of an individual dying before tij hours (i.e., 

observation j of bioassay i) of continuous exposure to a residue C ( of insecticide) 

and U, V and W are constants. Using the residue decay model described by Nigg 

et al. (1977), the C in Equation 1 was substituted as: 

(2) 

where Co is the initial concentration, e is the base of the natural logarithm 

(approximate value 2.719), a is the decay rate (i.e., the slope from the regression) 

and D is the days since application. The rainfall parameter and coefficient (-bB) 

described by Nigg et al. (1977) have not been included in this equation because 
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rainfall was not·measured. The average initial concentration of diazinon was 

estimated from the three decay curves (Figure 7.1, Table 7.2) as 0.617 ppm. 

Because mortality was not measured in this study, the nonlinear curve generated 

by the combination of Equations 1 and 2 was fitted using PROC NLIN (SAS 

Institute 1989) to three hypothetical mortality (bioassay) curves to determine 

values for the unknown constants U, V and W in Equation 1. These hypothetical 

mortality curves were based on fast, medium and slow rates of accumulated 

mortality of apple maggot (Rhagoietis pomonella (Walsh) Diptera:Tephritidae) 

from surface residues of azinphosmethyl, described by Reissig et ai. (1983) 

(refer to Appendix V for graphical representation). These accumulated mortality 

curves were used to represent the hypothetical level of susceptibility (fast 

accumulated mortality, the most susceptible population, slow accumulated 

mortality the least susceptible) of the ALM population to the insecticide, in this 

case, diazinon. ALM adults emerge from pupae at different times after diazinon 

application and therefore would be exposed to different residue levels. The effect 

of varying decay rates for the three treatments (a in equation 2) on the time to 

kill 50% of ALM adults (equation 1) for three hypothetical levels of 

susceptibility, was explored by estimating the time to kill 50% of ALM adults 1, 

7 and 14 days after diazinon application. 
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RESULTS 

DIAZINON PERSISTENCE 

Slopes of the individual decay curves were significantly different (P<0.05) 

between treatments (averages are show in Figure 7.1, Table 7.2). The first 

diazinon treatment (7 Sept) had the slowest average decay rate (lowest slope 

value). The steepest decay slope calculated was for the third (15 Oct) diazinon 

application (Figure 7.1). The calculated half lifes, based on the decay slope of 

each treatment replicate, showed a significant difference between treatments 

(P=0.00003, F=89.8, df 2,6) (Table 7.3). The mean half life of the first diazinon 

application was 1.9 and 2.2 fold longer than the second and third diazinon 

applications respectively. 

TABLE 7.2. Relationship between time and concentration of diazinon. 

Diazinon Application 
First 
Second 
Third 

Significancel 

ISignificance: ** P<O.Ol 
2Log reduction in residue (ppm) per day. 

Regression Slope (±SE) 
-0.025 (0.001) 2 
-0.048 (0.002) 2 

-0.057 (0.002) 2 

** 

The regression equation was used to estimate the diazinon half life residues for 

the three treatments. The estimated diazinon half life residue of the first diazinon 

application was less than half those estimated for the second and third diazinon 

applications. Whereas the half lifes of the second and third diazinon applications 

differed by only 2.3 days. 
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FIGURE 7.1. Regressions for diazinon residues over time in an apple orchard, 
Waimea Plains, Nelson (data for each application time are averages over three 
replicates). 
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TABLE 7.3. Half·life in days and estimated half life diazinon residue for each 
diazinon application. 

Diazinon Application 

First 
Second 
Third 

VEGETATION COVER 

Mean half life in days 
(±SE) 

27.7 (1.23) 
14.5 (0.74) 
12.2 (0.45) 

Diazinon half life residue 
(ppm) 
0.167 
0.381 
0.378 

The estimates of vegetation cover in each treatment were very similar (n=144, 

P=0.615) (Table 4.1). The most commonly found plant species were annual poa 

(Poa annua L.), spurrey (Spergula arvensis L.), scrambling speedwell (Veronica 

persica Poiret), groundsel (Senecio vulgaris L.) subterranean clover (Trifolium 

subterraneum L.) and mallow (Malva sp.). 

TABLE 7.4. Mean percentage vegetation cover in treatment plots before 
diazinon applications. 

Treatment 
First diazinon application 
Second diazinon application 
Third diazinon application 

Significance I 
'Significance: NS P>O.05 

Mean Vegetation Cover (±SE) 
53.9% (3.6) 
59.1% (4.0) 
55.6% (3.8) 

NS 
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ADULT ALM EMERGENCE 

The mean number of ALM caught in the first trapping period was significantly 

different (P=0.016, df 3,20) between treatments (Figure 7.2). The control traps 

caught 2.6 times as many adults as the traps on plots receiving the first diazinon 

application. No adults were caught during the first trapping period in plots 

receiving the second and third diazinon applications. No significant difference 

(P=0.360, df 3,20) was found between treatments during the second trapping 

period. More ALM adults were trapped in the second trapping period compared 

with the first (Figure7.2). 
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FIGURE 7.2. Mean number of ALM adults captured per emergence trap (±SE) 
for each treatment during the first ( c::::=l ) and second ( .. ) trapping periods. 
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DECAY RATES AND MORTALITY CURVES 

Hypothetical mortality curves had large effects on the estimated time required to 

cause 50% mortality after exposure to diazinon soil residues. The medium 

accumulated morality curve required a five-fold or more increase in exposure 

time to achieve the same level of mortality compared with the fast accumulated 

mortality curve estimates (Table 7.5). Similarly, the exposure time to achieve 

50% mortality of the slow accumulated mortality curve was 17-fold greater than 

that of the fast accumulated mortality curve (Table 7.5). 

TABLE 7.5. The estimated exposure time (hours) required to cause 50% 
mortality for each diazinon application for a fast, medium and slow hypothetical 
mortality curves. 

Fast Accumulated Mortality Curve 
Diazinon Exposure time (hours) to cause 50% mortality 
Application I DAAI 7 DAAI 14 DAAI 

First 5 13 47 
Second 5 40 > 100 
Third 6 > 100 > 100 

Medium Accumulated Mortality Curve 
Diazinon Exposure time (hours) to cause 50% mortality 
Application 1 DAAI 7 DAAI 14 DAAI 

First 26 > 100 > 100 
Second 37 > 100 > 100 
Third 44 > 100 > 100 

Slow Accumulated Mortality Curve 
Diazinon Exposure time (hours) to cause 50 % mortality 
Application 1 DAAI 7 DAAI 14 DAAI 

First 88 > 100 > 100 
Second > 100 > 100 > 100 
Third > 100 > 100 > 100 

I DAA = Day(s) after application 
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With a fast accumulated mortality (most susceptible population) the exposure 

time, estimated to cause SO% mortality 1 day after application (DAA) were very 

similar between diazinon applications. An estimate of S hours was required for 

the first and second diazinon applications and 6 hours for the third application 

(Table 7.S). However,adults that emerged 7 DAA would require 3 and 7 times 

longer exposure to residues in the second and third diazinon applications 

respectively, compared with the exposure time needed for the first diazinon 

application. Adults that emerged 14 DAA would require greater than 100 hours 

exposure to the residue level to achieve SO% mortality for the second and third 

diazinon applications, whereas the first diazinon application would require only 

47 hours exposure for the same level of mortality. 

The medium accumulated mortality curve indicated that to achieve SO% 

mortality, 1 DAA, more than 24 hours exposure to soil residues would be 

required in all diazinon applications (Table 7.S). Similarly, 7 and 14 DAA 

greater than 100 hours exposure to soil residues would be needed to achieve SO% 

mortality, regardless of diazinon application timing. 

DISCUSSION 

DIAZINON PERSISTENCE 

The degradation of diazinon first involves the hydrolysis of the thio-phosphorus 

ester with the subsequent side-chain hydroxylation of the resulting 2-iso-propyl-

4-methyl-6-hydroxypyrimidine. This side-chain hydroxylation may occur before 

cleavage of the ester bond as the presence of small amounts of 'hydroxy­

diazinon' have been recorded (Bartsch 1974). Low levels of diazoxon have been 
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· detected and indicate that oxidation is very limited and that the oxon is 

hydrolyzed as rapidly as it is fonned (Bartsch 1974). 

In this study, the diazinon decay rate varied depending on when the application 

was made (Figure 7.1 Table 7.2). Soil type has a significant effect in the rate of 

diazinon decay (Bartsch 1974). Getzin and Rosefield (1966) found that the half 

life of diazinon in an organic soil, sandy loam, silt loam and clay loam was 

approximately 10, 6, 4, and 1.5 weeks respectively. After granular application of 

diazinon at 2.02 kg a.i./ha to a mineral soil (1.9% organic matter) "and to a fen 

soil (17.1 % organic matter), Suett (1971) found that half the diazinon applied 

had disappeared two and five weeks later, respectively. Each study concluded 

that soil organic matter absorbs diazinon, making it less susceptible to rapid 

degradation. However, it is unlikely that the decay rate difference found in this 

study was due to variations in soil type, as all treatments were conducted in close 

proximity to each other on the same property and soil type. 

Another factor, which has a pronounced influence on the bioactivity and decay 

of diazinon is soil moisture (Harris 1964, Harris and Mazurek 1966, Bartsch 

1974). Harris (1967) concluded that diazinon was more than 90 times less toxic 

to field crickets nymphs (Gryllus pennsylvanicus Bunneister) in dry sandy loam 

compared with sandy loam at field capacity. Higher soil moisture accelerated the 

non-biological degradation of diazinon (Bartsch 1974). If diazinon decay is 

affected by soil moisture it is unlikely to have caused the differences which 

occurred in this study. This is because any difference that may have occurred due 

to the timing of diazinon applications would have increased the soil moisture 

content of the earlier treatment compared with later treatments. This would have 

resulted in a faster decay rate. In this study, earlier treatments had a slower decay 

rate. 

The first diazinon application occurred in early September and residues persisted 

for 11 weeks. Meteorological data revealed that the average soil temperature 

during that time was 12.1 °C (Agfirst 1998). In comparison, the soil temperatures 
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following second and third diazinon applications averaged 12.8°C and 13.8°C 

respectively. Soil temperature may therefore been a factor influencing the decay 

of diazinon in this investigation. Higher soil temperatures are known to increase 

the speed of non-biological degradation of diazinon (Bartsch 1974). Tate (1970) 

warned that diazinon did not have sufficient persistence to control carrot rust fly 

if used in warm soils (over 15°C). Bro-Rasmussen et al. (1968) claimed that an 

essential part of diazinon degradation was due to the activity of micro-organisms. 

Sethunathan and Macrae (1969) found the loss of dhizinon from a sterilized soil 

sample was slower than from a non-sterilized soil. Bacterial enzymes have also 

been used in treating emergency spills to speed the breakdown of diazinon 

(Howard 1991). These studies suggest that soil micro-organisms may play an 

important part in diazinon decay. Since temperature affects the activity of soil 

micro-organisms (McLaren and Cameron 1990) it could, in turn, affect diazinon 

degradation. These reports combined with the temperature data support the 

conclusion that temperature, both its non-biological and biological effects, was 

the most likely influence on the decay degradation of diazinon in this study. 

A range of half life values for diazinon has been reported in literature. Rao and 

Davidson (1980) and Jury et al. (1987) both estimated the field half life of 

diazinon as 32 days. The half-life in loam soil was reported as 20-40 days (Bro­

Rasmussen et al. 1968). Wauchope et al. (1992) stated a half life of 2-4 weeks 

for diazinon. Harris (1969) also found that 50% of diazinon applied to the soil 

had disappeared 2-4 weeks after application. Getzin and Rosenfield (1966) 

concluded the half life of diazinon in silt and clay loam varied between 11-28 

days. The half life range of 12-28 days found in this investigation is therefore 

consistent with that found by other researchers. 
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ADULT ALM EMERGENCE 

For the first trapping period ALM adults were captured only in the control and 

the plots receiving the first diazinon application. This suggests that the later 

applications were more effective at controlling ALM. It is surprising that no 

statistical difference between the control and the first application of diazinon was 

found. Such a result would question the diazinon label claim that it can be used 

to control ALM (O'Connor 1998). However, other investigations have shown a 

reduction, with no ALM caught in diazinon treated blocks compared with 14 

ALM per 5 emergence traps in control blocks (Smith 1996 confidential client 

report for Dow AgroSciences). Soil applications of diazinon have successfully 

controlled carrot rust fly (Howitt and Cole 1959, Tate 1970) and reduced 

emergence by 100% of rhododendron gall midge (Clinodiplosis rhododendri 

(Felt)) (Hanula 1991) and several other soil-dwelling pest species (Stewart and 

Ferguson 1989, Barker 1987, Blank et al. 1989). 

A possible reason for the lack suppression of ALM in this experiment could be 

the timing of the application. Diazinon was first applied on 7 September and 

results from Chapter 4 estimate that peak egg laying of ALM on this property 

occurred on 30 September 1996. The peak egg laying date was therefore more 

than two weeks after the application of diazinon. The decay rates calculated from 

the residue analysis suggest that 14 days after application, approximately 0.7 

ppm of diazinon would be present in the soil from the first treatment. Whether 

this was sufficient residue to affect the survival of emerging ALM adults is 

unknown. Tomkins (1995) reported 100% mortality of mature ALM larvae using 

recommended field rates of azinphos-methyl (Gusathion®). Chapman and Evans 

(1995) recorded similar levels of larval mortality using concentrations as low as 

3 ppm. However, both studies were laboratory based, neither used diazinon or 

tested the effects of such insecticides on ALM pupae or adults. First ins tar 

nymphs of field crickets and adult picturewinged flies placed on soil one hour 

after a diazinon application showed mortality at concentrations of 0.5 and 0.1 
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· ppm respectively (Harris and Mazurek 1966). Harris (1966) found the LDso of 

field cricket nymphs in a moist Brookston clay soil to be 1.55 ppm diazinon. An 

LDso of 0.84 ppm diazinon was reported for a moist Brookston silt loam in the 

same study. These soil concentrations of diazinon reported by Harris (1966), are 

both higher than the 0.7 ppm found 14 days after application in this study. This 

suggests that there was possibly insufficient diazinon residue to cause significant 

mortality of ALM adults. This provides a possible explanation for the lack of a 

difference between the control and first diazinon application. However, the 

length of exposure to residues is an important component of mortality and is 

discussed later in this chapter. 

For the second trapping period, no significant difference occurred between any 

treatments. The residue analysis at this time (i.e., 10, 8 and 6 weeks after 

application) showed that only 0.35, 0.26, and 0.45 ppm diazinon would be 

present in the soil for the first, second and third applications respectively. These 

soil diazinon residue values varied by only 0.19 ppm. The lack of literature on 

the diazinon residue required to cause mortality of ALM makes it difficult to 

determine whether such a small residue difference between treatments would be 

able to cause a noticeable difference in the survival of ALM. However, the trap 

capture results suggest the diazinon residues at this time were insufficient to 

cause significant differences in ALM mortality. 

Fewer ALM captured with later diazinon applications was apparent in the second 

trapping period (Figure 7.2). However, the high variability in the number of 

ALM captured per trap and small sample size, were the likely reasons why no 

significant difference was found between treatments. This variability was most 

likely due to the distribution and density of ALM pupae. Mature ALM larvae 

exit leaf rolls in the tree canopy and fall to the soil to pupate. If a trap was placed 

over such a larval 'drop zone', a high number of ALM adults would potentially 

be caught once pupation was complete. Conversely if an emergence trap was 

placed away or to the side of a larval 'drop zone' very few if any ALM adults 
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would be captured. This clumped dispersion of the ALM pupae could account 

for the high standard errors shown in this investigation. Walker et ai. (1995) also 

found high variability when they investigated the use of emergence traps for 

ALM sampling and subsequently abandoned them as a monitoring method. The 

effective trapping area of each emergence trap used in this study was relatively 

small (0.064 m2
). Ranula (1991) used emergence traps with an even smaller 

trapping area of 0.021 m2 to capture rhododendron gall midge, but, traps were 

placed over container-grown plants where gall midge pupae were present. A 

larger number of sample units (Le., emergence traps) could have helped reduced 

the variability of this study. 

Vegetation covered more than half the soil area of each plot before the diazinon 

application. This amount of vegetation covering the soil could have prevented 

some diazinon from reaching the soil surface thereby reducing its effectiveness. 

ALM larvae that pupated under such plant cover would be less likely to come in 

contact with the insecticide. Emergence traps placed over vegetation may have 

captured more ALM adults than those placed on bare ground, increasing the 

variability in the numbers caught. Although it is feasible that the vegetation 

cover may have affected the variability, all treatment plots were similar in their 

vegetation cover so any differences between treatments cannot be clearly 

attributed to this factor. Nevertheless, using a larger sample size (number of traps 

per plot) would have reduced any variation in trap catches caused by vegetation 

cover. 
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DECAY RATES AND MORTALITY CURVES 

Small changes in the decay rate of diazinon had a major influence on the 

hypothetical estimated exposure time required to cause 50% mortality. The 

estimated exposure time required often doubled when diazinon applications were 

compared. This highlights some important considerations for using soil 

applications of diazinon for the control of ALM. 

In conditions where diazinon decay was rapid, i.e., warm temperatures (> 15°C) 

(Tate 1970, Bartsch 1974), soils low in organic matter (Getzin and Rosefield 

1966, Suett 1971, Bartsch 1974), and high soil moisture content (Harris 1964, 

Harris and Mazurek 1967, Harris 1967), the effectiveness of ground applications 

of diazinon to control ALM was severely reduced. In addition, repeated 

applications of diazinon have been shown to result in the build-up of specialist 

microflora, that have been found to hasten its degradation (Sethunathan 1971). 

The Stanley et ai. (1989) formulae estimated that even with the slowest decay 

rate and a fast accumulated mortality curve, 47 hours exposure was required to 

cause 50% mortality 14 DAA.1t is unknown whether ALM adults would require 

a similar exposure time, as no trials on ALM mortality after exposure to diazinon 

residues were conducted. This would also depend on what life stage of ALM the 

diazinon application was targeting. If the pupa is the target, the exposure to 

residues is likely to occur over several days, depending on time of application. 

However, pupae are enclosed in a tough silken cocoon (Todd 1956) which would 

restrict the diazinon residue contacting the pupa itself. Furthermore, fewer ALM 

were captured with the later diazinon application in this study (Figure 7.2). If the 

pupa was the most susceptible stage and assuming a constant effect of diazinon, 

varying the timing of the diazinon application should have no effect on the 

number of ALM captured in emergence traps. This is because the pupa would be 

pesent in the soil from the time of diazinon application to the time of their 

emergence. 
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ALM adults are more likely to come in contact with soil residues in the top few 

centimetres when they emerge from cocoons as adults and push their way to the 

soil surface. The time required to break free from the cocoon and emerge from 

the soil has not been determined, but it is likely to be only a few hours. This is 

because pupation occurs within the first few centimetres of the soil (Todd 1956). 

Furthermore, the life span of adult ALM is only 2- 3 days (Todd 1959, Galanihe 

1996). A long emergence period would severely reduce the time available for 

mating and oviposition. There is little knowledge on how much contact adults 

have with the soil surface once they emerge. Some ALM females have been 

observed to walk around on the soil surface for several minutes looking for a 

vertical object to climb (Galanihe 1996, Harris et al. 1999). Male ALM on 

average take 40 minutes from emergence to their first flight, although some of 

this time may be spent resting on vertical surfaces (Galanihe 1996, Harris et al. 

1999). These observations suggest that once ALM adults emerge they spend very 

little time on the soil surface, and therefore exposure time to diazinon residues 

are likely to be low. 

The hypothetical accumulated mortality curves showed major differences in the 

exposure time required to cause mortality. The medium and slow curves required 

on average 6- and 18-fold more exposure time, respectively, to kill the same 

proportion as the fast accumulated mortality curve. In a practical sense, the most 

realistic mortality response is fast accumulated mortality, since the ALM 

population is likely to be quite susceptible to diazinon. Tomkins (1995) and 

Chapman and Evans (1995) both found that field rates of azinphos-methyl 

(Gusathion®) caused close to 100% mortality of ALM larvae in laboratory 

studies. Despite assuming the best case scenario (for control) of a susceptible 

population and slow diazinon decay, the exposure time estimated to cause 50% 

mortality of ALM (14 DAA) could potentially be as high as 47 hours. Previous 

observations suggest that adults would not spend that amount of time on or in the 
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soil during emergence, especially if diazinon acted as an irritant to adults. This 

further highlights the importance of timing of soil applications for the 

suppression of ALM. 

The observations of ALM behaviour and the potential exposure time required to 

cause mortality in this study suggest that soil applications ofdiazinon could have 

a very limited effect on ALM. However, some investigations have also shown 

dramatic reductions of ALM through soil applications (Smith, 1996, unpublished 

data). Many orchardists are of the opinion that soil applications of diazinon are 

the best method of control for ALM. A possible explanation for this variation is 

the mathematical model proposed by Stanley et al. (1989) that was derived from 

the levels of mortality of adults apple maggot when adult flies came in contact 

with azinphosmethyl treated foliage. In comparison, ALM adults push through 

the soil containing residue. Therefore, the exposure to residues is likely to be 

much greater than that from just landing on treated foliage. This could 

potentially reduce the exposure time required to cause mortality to ALM. Newly 

eclosed adults may also be more susceptible during the period their cuticle 

hardens. This may allow greater insecticide penetration, thus lowering the 

insecticide concentration required to cause mortality. Furthermore, sublethal 

doses may render adults incapable of flying, preventing them from ovipositing 

on shoot tips and thus suppression ALM injury. 

In conclusion, the timing of ground applications of diazinon appears to be the 

most critical factor to achieve suppression of ALM. New Zealand orchardists 

should time their ground-based insecticide applications as close to start of 

emergence of ALM adults as practical for maximum effect. In Nelson, based on 

the phenology studies in earlier chapters of the 95/96 and 96/97 seasons, the 

optimum time to apply ground applications of diazinon in the last week of 

September. However, this timing may vary from season to season, so a strict 

calendar date should not be relied on. Despite these recommendations, no 

conclusion whether ground applications of diazinon are the best way of 
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suppressing ALM populations can be made from the studies in this chapter. 

Further discussion of this point and practical management of ALM populations 

will be considered in the following chapter. 

SUMMARY 

• Degradation rates and half life values of diazinon in a Ranzau stoney 

clay loam were similar to those reported by other researchers. 

• The timing of ground applications of diazinon resulted in differences in 

decay rates. 

• The average soil temperature varied between diazinon application times. 

Temperature and its possible effect on soil organisms is a likely cause of 

differences in the decay rates of diazinon. 

• During the first trapping period, more ALM adults were captured in the 

control and first diazinon application when compared with the later two 

diazinon applications. 

• No significant differences in the number of ALM adults captured 

between treatments were found during the second trapping period. This 

was probably the result of the low level of diazinon residue in the soil 

and the high variability in the trapping data. 
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• High variability in the trapping data could have been caused by the 

small sample size, the possible clumped dispersion of ALM pupae in the 

soil and/or the vegetation cover present at the time diazinon applications 

were made. 

• Small changes in the decay rate of diazinon combined with hypothetical 

accumulated mortality were shown to strongly influence the estimated 

exposure time required to cause 50% mortality. 

• Even under conditions where diazinon decay is slow, and the ALM 

population is susceptible to diazinon, the most important factor for 

successful suppression of ALM appears to be correct timing of ground 

applications of diazinon. 

• Orchardists are recommended to time ground applications of diazinon as 

close to the start of adult ALM emergence as possible. 
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SYNTHESIS AND DISCUSSION 

The key aim of this study was to obtain sound quantitative knowledge on the 

phenology and population dynamics of ALM to aid the development of 

successfullong-tenn pest management programmes for this pest in New Zealand 

apple orchards. The following discussion summarises the knowledge gained 

from this study and how it can be applied to IFP principles for ALM 

management in New Zealand. A critical analysis of the methods used in the 

study and suggestions for future research on ALM are also discussed. 

SUMMARY OF KEY FINDINGS 

The first objective of this research was to determine appropriate quantitative 

sampling methods for studying and monitoring ALM populations. A comparison 

of a range of sample sizes required to estimate the number of shoots infested 

with ALM eggs with acceptable precision, confinned that the greater the sample 

size the more precise the estimate of a population parameter (Karandinos 1976, 

Southwood 1976, Krebs 1978). In this study, 50 shoots was the sample size used 

for most ALM population estimates. Unfortunately, this sample size provided a 

precision of only 56% for the 20% level of infestation. This was not a high 

degree of precision, but doubling or tripling the sample size at that level of 

infestation still would only increase the precision to 39% or 32% respectively, 

while still increasing the time required to collect the sample. In this study, 

precision was expressed in half confidence intervals, which, for an estimated 

parameter, is approximately twice its standard error. For life cycle studies a 

precision of 10% is ideal (Southwood 1976), whereas it is acceptable when 

sampling to determine a control measure to have a precision as low as 25% 

(Ekbom and Xu 1990, Buntin 1994). The 25% precision suggested, equates to an 

allowable error of 50% using precision expressed as half confidence intervals, 
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which was close to that achieved from sampling 50 shoot tips at the 20% level of 

infestation. Because of this and the time constraints imposed by the need to 

sample several orchard blocks each week, the 50 shoot sample size was used for 

the research described in later chapters. This sample size was similar to post 

1995 studies on ALM phenology carried out by other workers (Walker et al. 

1995 and Tomkins et al. 1996). 

Because adult ALM emerge from the soil, a method other than shoot sampling 

was needed to measure the resident adult populations. Two emergence trap 

designs were evaluated to determine their usefulness as monitoring techniques 

for ALM adults. Design 1, which captured adult ALM on a removable sticky 

petri dish base, caught significantly more adult ALM than design 2, which 

consisted of a funnel and specimen container that captured insects alive. A 

difference between the 2 traps, was that design 2 allowed predacious insects and 

spiders to consume ALM because they were not immobilised as in design 1. 

Numerous slugs in design 2 traps may have also hindered ALM reaching the 

trapping container. Further analysis of emergence trap data showed there was a 

weak relationship between the number of ALM in emergence traps and the 

number of shoot tips infested with ALM eggs. 

The second objective in this study was to compare the relative abundance and 

phenology of ALM between seasons, apple cultivars and properties. From 

monitoring ALM eggs on shoot tips, all properties studied showed that at least 

three generations occurred each season. On some properties a maximum of five 

generations may have occurred in the 95/96 season, whereas only four occurred 

in the 96/97 season. Nearly double the precipitation, 25.8 mL, and 100 more day 

degrees (1244), occurred in the 95/96 season compared with the 96/97 season. 

The environmental differences between seasons were the most likely reasons for 

more generations occurring in the 95/96 season, since rainfall allows larvae to 

exit leaves for pupation and higher day degrees speeds up the development of 

ALM life stages. These environmental factors also allowed apple trees to grow at 
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a faster rate, produce longer shoots and more leaves per shootin the 95196 season 

compared to the 96/97 season. 

The number of larvae per leaf fluctuated considerably throughout both seasons. 

This fluctuation was related to the timing of the peak of each ALM generation, as 

well as increases in the population as the season progressed. Overall, a more 

constant number of larvae were found per leaf in the 95196 season than in the 

96/97 season. This was attributed to the environmental conditions of each season, 

and the effect of these conditions on overlapping ALM generations. A more 

synchronised emergence of ALM adults was suspected in the 96/97 season 

compared with the 95196 season, as a rapid increase in the number of larvae per 

leaf followed by a sharp decline 2-3 weeks later occurred during that season. 

Comparing the abundance and phenology of ALM between 'Royal Gala' and 

'Braebum' cultivars revealed that on 'Royal Gala' peak periods of ALM egg 

laying occurred earlier and more shoot tips were infested with eggs. Also in the 

96/97 season, a higher average number of ALM adults were captured in 

emergence traps positioned under 'Royal Gala' trees. In addition, 'Royal Gala' 

generally had a higher percentage of shoots and leaves injured by ALM. These 

differences suggest that 'Royal Gala' may be preferred by ovipositing ALM 

females, andlor may be more suitable for ALM growth and development. In both 

seasons 'Royal Gala' produced more vigorous growth, which is preferred by 

ALM females for ovipoisting (Galanihe and Harris 1997), therefore, 'Royal 

Gala' would be more likely to be infested than 'Braeburn'. This would result in 

higher levels of leaves injured by ALM as seen in this study. 

During harvest each season, apples were assessed to determine whether the 

abundance of ALM on leaves was related to the level of infestation on harvested 

fruit. Despite some properties having more than 50% of their shoots injured by 

ALM at the time of harvest, levels of fruit infestation were very low in both 

seasons on all properties and cultivars. 
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The third objective of this study was to detennine the level of mortality of 

several ALM life stages and use these to construct partial life tables. Information 

on the egg and larval life stages were collected. Using the age-time-specific 

Kiritan-Nakasuji-Manly (KNM) analysis, partial life tables were constructed. 

This method estimated that approximately 95% mortality of ALM would occur 

between the egg and orange larval stage, for most generations. 

No specific mortality factors were assessed in this study. However, it is 

suggested that weather conditions and insecticides would have the greatest 

impact on the ALM populations on conventionally-managed properties. Of the 

life stages analysed, white larvae (second instar) had the greatest mortality in all 

generations. This was unexpected since eggs and first instar stages incur the 

greatest losses in insect populations (Krebs 1978, Gullan and Cranston 1994). 

The KNM analysis estimated that mortalities as high as 99% occurred in later 

generations. The increased mortality was attributed to reduced availability of 

oviposition sites and the drier weather later in the season. Todd (1959) provided 

similar conclusions for the lower survival of fourth generation larvae. An 

estimated average duration of 16-18 days (range of 6-27 days) was required for 

the development of eggs to the end of the white larval stage. Todd (1959) found 

it took 15-31 days for ALM to develop from egg to mature orange larvae. This 

concurs with the results of this study. 

The fourth objective in this study was to detennine the effectiveness of soil­

applied diazinon for the management of ALM. The half life of diazinon in a 

Ranzau stoney clay loam varied from 12-28 days, which was similar to that 

reported by other researchers (Getzin and Rosefield 1966, Bro-Rasmussen et ai. 

1968, Harris 1969, Wauchope et al. 1992). Later diazinon applications were 

found to have a faster decay rate. Warmer temperatures have been shown to 

increase the speed of non-biological (Bartsch 1974) and biological (Bro­

Rasmussen et al. 1968) degradation of diazinon. In this study, soil temperatures 
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were warmer in the later part of the season. This is suggested as the most likely 

reason for the quicker decay rates for later diazinon applications. 

When comparing the effects of diazinon applications on ALM, 2.6 times as many 

ALM adults were captured during the first trapping period from the control plots 

than from the first diazinon application plots. No ALM adults were captured 

from the second and third diazinon application plots. These results suggested 

some suppression of ALM from ground applications of diazinon occurred, 

although the timing of applications would influence efficacy. The low residue 

levels of diazinon «0.45 ppm) combined with high variability in the trapping 

data, are possible reasons why no significant difference in the number of ALM 

adults captured between treatments was found in the second trapping period. 

Using combinations of the formulae of Stanley et ai. (1989) to determine the 

probability of an individual dying after a certain time and the residue decay 

model of Nigg et ai. (1977), the decay curves for each diazinon application were 

compared for each of three hypothetical mortality curves generated from data 

obtained from Reissig et ai. (1983). This predicted that small changes in the 

decay rate of diazinon had a strong influence on the estimated exposure time 

required to cause 50% mortality of an hypothetical population. Even when 

conditions favoured control, (Le., slowest decay rate and a fast accumulated 

mortality curve), 47 hours exposure was estimated to cause 50% mortality 14 

days after application. 

IMPLICATION FOR ALM MANAGEMENT 

The information gained from this study on the phenology and population 

dynamics of ALM and the impact of diazinon on ALM has provided knowledge 

that will improve the management of ALM in New Zealand. It was shown that 

once ALM adults are captured in emergence traps or observed in an orchard 

block egg laying for that generation would be occurring. At this time sampling of 
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shoots, (0 establish the level of egg infested shoots would need to be conducted 

to determine whether control measures were justified. However, it was 

concluded that emergence traps were impractical as a commercial monitoring 

tool and are unlikely to be used for monitoring ALM in any IPM programme. 

Walker et ai. (1995) found a similar problem when they investigated the use of 

emergence traps for monitoring ALM flights. Their traps caught a wide range of 

insects and relatively few ALM and they abandoned trapping in favour of shoot 

tip examination for eggs. Despite the Walker et ai. (1995) findings, emergence 

traps could still be useful for determining the numbers of ALM adults that 

emerge from a given area of soil. Furthermore, such traps provide worthwhile 

information for ecological and phenological studies. For this reason they were 

used in later experiments in this study. 

ALM females have the ability detect volatile chemicals from apple foliage, and 

have been shown to prefer immature foliage relative to mature foliage (Galanihe 

and Harris 1997). The growth characteristics of an apple variety may therefore 

play an important part in their susceptibility to ALM oviposting. In addition, 

environmental conditions, such as regular rainfall and warm temperatures, which 

favour shoot growth, also favour the development of ALM. This was clearly 

evident in the 95/96 season when apple trees had a faster growth rate, produced 

longer shoots, and more leaves per shoot compared to the 96/97 season. 

Similarly, the 95/96 season had a higher ALM injury and larval numbers. 

Reducing shoot growth to control ALM, however, is not a management option as 

on mature trees some shoot growth is obviously needed to allow the development 

of fruiting buds and replacement of damaged or less productive wood (Jackson 

1986). Consequently, most commercial apple trees will be susceptible to ALM 

attack and injury, especially early in the season. However, management factors 

that promote vigorous shoot growth of apple trees (Le., fertilisers, small crop 

loads) may allow ALM populations to increase. This helps to provide an 

explanation as to why young trees and recently grafted stock has been suggested 
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to be those most prone- to ALM injury (Wilton 1994 a, b, Smith and Chapman 

1995b). Here vigorous growth must occur for rapid establishment and 

commercial production in the shortest possible time. On mature trees, orchardists 

need to consider whether practices that promote excessive growth of apple shoots 

are needed, since they will likely promote the build-up of ALM popUlations. Any 

IPM programme should also consider this impact because numerous insects rely 

on active plant growth for their feeding and development (Imms 1957, Jermy 

1976, Krebs 1978, Hill 1987, Gullan and Cranston 1994). If products that 

promote growth can be applied when the pest species is absent or at a non­

feeding life stage, some of the pest's injury to new growth' will be reduced. The 

pest population may also be suppressed, since it would have less palatable 

vegetation on which to feed. 

Apple trees produce shoots through most of the growing season, so some injury 

from ALM is inevitable. Therefore, it is likely that some form of ALM control 

will be needed. In any pest management programme, the timing of an insecticide 

is critical to gain maximum effect on an insect population (Metcalf and Luclemann 

1982, Chapman and Penman 1986, Gullan and Cranston 1994). Optimising spray 

timing for ALM is more difficult than for some pest insects because there is a 

narrow 'window' between egg laying and egg hatch. This is when a foliar 

insecticide would be most effective, because the egg and first instar larva are 

usually the most susceptible stages in many insect populations (Kerbs 1978, 

Gullan and Cranston 1994). Once ALM larvae form leaf rolls, they are probably 

well protected from insecticides (Anon 1994). Properties may have varied by up 

to a week in the timing of peak periods of egg laying as the frequency of the 

sampling would have not picked up such differences. Variations of five days 

could be important for management of ALM, since eggs hatch in three to five 

days (Barnes 1948, Todd 1956). If orchardists were one week late in the timing 

of insecticides, the effectiveness of the insecticide would be significantly reduced 

because eggs would have hatched and larvae would be protected in the leaf rolls 

formed from their feeding. 
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The need for such critical timing of insecticide sprays creates some difficulties 

for the management of ALM in commercial orchards. The peak period of egg 

laying is the ideal time to apply foliar applications of insecticides. Weekly 

sampling of orchard blocks until egg-laying is first detected, increasing to a 

sampling frequency to every 2-3 days during periods of egg laying is 

recommended to detect the peak level of ALM egg laying. In a commercial 

orchard, however, this sampling frequency would be very time consuming and 

probably not feasible. In such cases regular monitoring of a cultivar more prone 

to ALM attack due to its growth characteristics (e.g., 'Royal Gala') is suggested. 

Once such indicator blocks show significant levels of ALM egg laying, then 

sampling of other orchard blocks should commence to establish their infestation 

level. In addition, it may not be possible to apply insecticides at an optimum time 

due to weather conditions, time constraints, staff management and availability. In 

cases where an insecticide application is to be applied over all orchard blocks on 

the same day, regardless of their ALM levels, it would be best to optimise the 

application timing to achieve the most effective control on cultivars or blocks 

that are most prone ALM infestation. 

This study indicates that timing insecticide for optimum effect on ALM should 

be relatively easy to estimate for the first two generations in each season when 

peak egg laying periods are synchronised. However, the third and later 

generations of ALM have a tendency to overlap resulting in periods of several 

weeks where shoot tip egg infestation levels may be higher than 20%. When this 

occurs orchardists should consider two options for the management of ALM. 

One option is to apply insecticide every 7-10 days. This would be costly both in 

terms of a product and time and would not be in keeping with IFP principles. The 

main reason to suppress ALM in the second half of the season would be to 

minimise the likelihood of fruit infestation. However, despite a weak relationship 

between shoot injury and fruit infestation (Tomkins et al. 1995), most countries 

importing New Zealand apples have a high tolerance for ALM. Thus the 
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presence of pupae or larvae on export fruit is generally -considered 'non 

actionable'. For young trees and grafted stock, regular applications late in the 

season are useful to keep shoot growth occurring. Here the cost of product and 

time is very much reduced since there is not a full tree canopy that needs to be 

sprayed. 

The other option for mature trees is to ignore ALM altogether. In this study, the 

third generation in both seasons occurred around mid January. At this time (as 

shown by the tree phenology results), most apple shoots have or will begin to 

terminate growth naturally, providing fewer ovipostion sites for ALM. 

Therefore, severe loss of shoot growth and leaf canopy is unlikely to occur at this 

stage in the season. 

The fourth objective in this study evaluated the usefulness of soil applied 

applications of diazinon. This practice is aimed at suppressing the number of 

ALM which emerge from overwintering pupae from the soil in spring. In this 

study, it was shown that the half life of diazinon is approximately 2 weeks, with 

warm soil temperatures (Bro-Rasmussen et al. 1968, Bartsch 1974) and high soil 

moisture (Harris 1964, Harris and Mazurek 1966, Bartsch 1974) increasing 

decay rates. The information on diazinon degradation in these studies suggest 

that timing of ground applications is critical to achieve effective suppression of 

insect populations. The optimum time for ground applications of diazinon would 

be a day or a few hours before the beginning of ALM emergence. To achieve 

such precise timing would require extraction of pupae from soil samples to 

determine their stage of development plus placement and regular checking of 

emergence traps at the beginning of the season. On a commercial orchard, 

monitoring to that extent is not feasible because of the cost in terms of time and 

money. Therefore, this study recommends that orchardists apply ground-based 

insecticide applications as close to start of emergence of ALM adults as possible, 

based on the previous season's history of ALM emergence. The phenology 

studies described in earlier chapters showed that in Nelson, this timing would be 
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the last week of September. Even with optimum timing of ground applications, 

suppression of ALM is likely to be short lived due to the rapid decay of diazinon. 

The next generation of ALM is unlikely to be effected by any diazinon residue 

still present in the soil. 

The Stanley et al. (1989) model estimated that 47 hours exposure to diazinon 

residues would be needed to cause 50% mortality to a hypothetical ALM 

population 14 days after application. This suggests that in conditions where 

diazinon decay is rapid, the effectiveness of ground applications is likely to be 

severely reduced. Pupae remain in the soil for several weeks enclosed in tough 

silken cocoon, and may be exposed to diazinon residues. However, less ALM 

were captured by emergence traps in plots treated with later ground application 

of diazinon. Variations in the timing of ground applications would not influence 

the number of ALM captured if pupae were the main stage affected by diazinon, 

since a similar proportion would be killed regardless of the insecticide timing. 

ALM is more likely to come in contact with soil residues when the adults 

emerge. However, it is suggested that any exposure to residue would be only for 

a few hours, as pupation occurs close to the soil surface (Todd 1956). Therefore, 

the timing and diazinon concentration in the soil is critical to the effectiveness of 

ground applications. 

If ALM required anything like the exposure time estimated by the Stanley et al. 

(1989) model to cause significant mortality, soil applications of diazinon could 

have a very limited effect on ALM. However, this model was developed for adult 

apple maggots that come in contact with treated foliage and fruit. ALM, in 

comparison, pushes through soil to emerge. The area in contact with residues 

could be much greater than that from just landing on treated foliage. Freshly 

eclosed adults would also take some time before their cuticle hardened thereby 

allowing more rapid insecticide penetration. A shorter exposure time to 

insecticide would therefore be required to cause mortality. Sublethal doses may 
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also render adults incapable of flying, preventing them from ovipositing on shoot 

tips. 

CRITICAL ANALYSIS 

Several of the preceding chapters have discussed the importance of timing 

insecticides for successful management of ALM in an IFP programme. However, 

to establish the correct timing involves monitoring pest populations through 

sampling. Knowing the accuracy and precision of the estimate for a sample is 

therefore very important. 

The precision obtained in this study from a sample size of 50 shoots is not ideal 

for studies involving phenology and life tables. Southwood (1976) suggested a 

precision of 10% should be used. Initially in this study an incorrect formula was 

used to calculate the optimum sample size giving an impression that a 50 shoot 

sample size would give a precision of below 15% at the 95% confidence level. 

Unfortunately the error was only discovered after the phenological sampling had 

begun. The correct formula (Karandinos 1976) suggested that more than 200 

shoots would be needed to achieve a precision of 15% or below. Due to the time 

constraints in this study that level of sampling would have not been possible. A 

50 shoot sample size is similar to post-1995 studies on ALM phenology carried 

out by other workers (Walker et ai. 1995 and Tomkins et ai. 1996). Even so, a 50 

shoot sample size would provide a precision of 55% at an infestation level of 

20%. This is more than double the 25% suggested for some pest management 

spray decisions (Ekbom and Xu 1990, Buntin 1994). 

The analysis of sample size requirements in this study raises important 

considerations for many IPM programmes. In many cases where a sample size of 

100 or fewer is used to estimate a pest level, the precision obtained is likely to be 

low. For example, the ENZA IFP manual suggests examining 100 shoots to 

determine a spray decision for woolly apple aphid, which would provide a 
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precision" of less than 50% at an infestation level of 10%. It appears that, in many 

IPM programmes, factors other than precision influences sample size 

recommendations. While no explanation for the recommended sample size is 

given in many IFP programmes, it is likely that cost (in terms of time and 

money) is the reason for limiting sample size. 

The emergence traps used in this study indicated the potential number of ALM 

adults that could emerge from a specific area of soil. However, no evaluation of 

their efficiency (with respect to the numbers caught compared with the number 

of adults which emerged) was made. Furthermore, the impact of changing the 

microclimate under the emergence trap (Le., soil temperature and humidity) was 

not assessed. However, the same traps were used to compare seasons, cultivars 

and properties. Consequently, the influence of any change in the microclimate on 

the timing of emergence or survival of adults and pupae would be expected to be 

the same within each comparison. 

The life table analysis has highlighted that sampling of the various life stage of 

ALM was inadequate. An example of this was when the white larval stage 

showed the highest mortality. In reality this would be unlikely and suggests that 

the mortality estimates for that life stage were probably biased, since orange 

larvae exit leaf rolls and fall to the soil to pupate and would not have been 

recorded in leaf samples. No attempt was made to estimate the mortality of the 

orange or pupal life stages. These stages provide the link between adults and egg 

numbers of the next generation. Therefore, no indication whether an ALM 

population was increasing or decreasing during a season and from one season to 

the next could be established. One solution to this could be to sample soil during 

the early winter and extract pupae using methods similar to that described by 

Doane et al. 1987. This analysis emphasizes the difficulty in determining life 

tables for insect popUlations which occupy different habitats during their life 

cycle (Southwood 1976, Gullan and Cranston 1994). For ALM, quantitative 

sampling of later larval and pupal stages, adult emergence and fecundity 
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combined with the impacts of biotic and abiotic factors would be needed, to fully 

understand the dynamics of ALM populations. 

FUTURE RESEARCH 

In summary, this study provides information on the population dynamics and 

phenology of ALM, and how that may be related to apple shoot growth and 

environmental conditions. However, there are many areas of research that would 

further increase our knowledge of ALM and its management in New Zealand 

apple orchards. 

Further evaluation of a sampling scheme to estimate the extent of ALM 

infestation should be conducted to establish acceptable precision or accuracy for 

monitoring. Orchardists spend hundreds of dollars on control measures. It would 

be costly to apply control measures when they were not needed because of lack 

of precision or inaccuracies in the sampling. Precision is also important where an 

insecticide product is being evaluated to determine its efficacy. Emergence traps, 

like those in this study, may be used in future studies to compare soil applied 

applications of insecticide. Some research into the efficiency of emergence traps 

and the extent to which microclimate may be altered should be conducted. Such 

studies might eliminate some of the variability between treatments observed in 

this study. 

An investigation into the use of day degrees to model ALM life stage events 

would be worthwhile. This is would be valuable given the need to optimise 

insecticide applications, particularly in the early part of the season. Day degree 

modelling might also explain the variation in timing of egg laying between 

blocks or properties, as each would have its own microclimate. 

Further research into the identification and synthesis of ALM sex pheromones, 

and volatile chemicals from apple foliage which trigger host-finding behaviour 
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of ALM has been suggested by Galanihe (1996). Such chemicals could be used 

for monitoring ALM populations in the field, or directly as attracticides 

(kairomone in combination with insecticide) for the control of adult ALM 

(Phelan and Barker 1987). 

Whether yield and bud set is affected by ALM injury over a period of years has 

not been determined in New Zealand. Such information would be valuable to 

help determine the importance of suppressing this pest. On mature trees, ALM 

injury is very visual and popUlation numbers could be large. However, its actual 

pest status in a quarantine sense is very low (i.e., most markets have a 20% 

tolerance of fruit contaminated by ALM), compared with other insects such as 

mealybug and native leafrollers. Furthermore, conditions that may increase the 

potential for fruit infestation by ALM, for example, rainfall during harvest, need 

to be evaluated. In this study, despite some blocks reaching 50% infestation of 

shoots, the incidence of fruit contamination from ALM at harvest was very low. 

However, in the Waikato, significant fruit contamination occurs at shoot 

infestations of similar levels (A.R. Tomkins, pers.comm.). Therefore, 

establishing the relationship between the level of ALM injured shoots and fruit 

contamination under different environmental conditions would be useful. 

Research to determine the proportion of ALM that may pupate in crevices and 

under loose bark on apple trees also would be worthwhile. Tomkins et al. (1994) 

suggested that in the Waikato up to 30% may pupae in such positions. This needs 

to be validated in other regions in New Zealand. If corroborated, insecticides 

applied to the soil may not affect a large proportion of the ALM population. 

No specific mortality factors or their impact on ALM population dynamics were 

identified in this study. The impact of natural enemies in a conventional orchard 

is likely to be minimal due to the high number of broad-spectrum insecticides 

applied. In any IPM programme, both foliar and soil applied broad-spectrum 

insecticides are generally not favoured, due to their impact on other organisms 
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(Metcalf and Luckmann 1982). However, as the apple industry moves away from 

such products and towards an IFP philosophy, inore target-specific insecticides 

and greater use of natural enemies are likely. The use of life tables is expected to 

be more valuable in these situations. Walker et al. (1995), Suckling et al. (1996), 

and Wearing (1996) all found an increase in Sejanus albisignata and Orius 

vicinus in IFP blocks compared to conventionally managed blocks sprayed with 

organophosphate insecticides. Both predators feed on ALM eggs and young 

larvae (Wearing 1997). Todd (1959) recorded greater than 80% parasitism of 

ALM larvae by Platygaster demades Walker (Hymenoptera: Platygasteridae) 

during both the 1955/56 and 1956/57 seasons. No recent studies have been 

conducted on this parasitoid, although its presence has increased on some IFP 

orchards in Hawke's Bay (H.E. Stiefel pers.comm.). Whether the combination of 

these natural enemies will reduce ALM populations below an economic level in 

an IFP managed orchard has not been determined. Wearing (1997) found that 

despite the increase in natural enemies in IFP blocks that ALM injury was still 

higher than in conventionally managed blocks. Studies in the natural enemies 

and their effectiveness in organic blocks would also be warranted. 

It appears then that further research on natural enemies of ALM and their 

significance on the popUlation dynamics of ALM popUlations through life table 

analysis would be valuable. In addition, studies on ways in which natural 

enemies of ALM could be conserved or augmented would also be warranted. 

ALM is present in most of the major apple growing countries in the world but is 

not a major pest. Surveys on ALM populations overseas to establish potential 

parasites or predators that could be released in New Zealand would be beneficial. 

Increased knowledge of the behaviour, population dynamics and natural enemies 

of ALM gained from further study, should contribute to improved management 

of ALM, making it less of a concern for commercial apple production throughout 

New Zealand. 
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APPENDIX I 

Programme used to measure the matric potential of the soil water from gypsum 
blocks. 

Program:200:1 
Flag Usage:200:1 
Input Channel Usage:200:1 
Excitation Channel Usage:200:1 
Control Port Usage:utput Usage:200:1 
Pulse Input Channel Usage:sage:200:1 
Output Array Definitions::sage: 

* 1 
01: 3600 

01: P92 
01: 0 
02: 240 
03: 30 

02: P10 
01: 13 

03: P5 
01: 4 
02: 34 
03: 1 
04: 1 
05: 250 
06: 1 
07: 1 
08: 0 

04: P5 
01: 4 
02: 34 
03: 5 
04: 2 

Excitation 
06: 5 
07: 1 
08: 0 

05: P5 
01: 4 
02: 34 
03: 9 
04: 3 

APPENDIX I 

Table 1 Programs 
Sec. Execution Interval 
If time is 
minutes into a 
minute interval \ 
Then Do ode Option 

Battery Voltage 
Loc [:battery 

AC Half Bridge 
Reps 
-250 mV 50 Hz rejection Range 
IN Chan 
Excite all reps w/EXchan 1 
mV Excitation 
Loc [: 
Mult 
Offset 

AC Half Bridge 
Reps 
-250 mV 50 Hz rejection Range 
IN Chan 
Excite all reps w/EXchan 2 flmV 

Loc : 
Mult 
Offset 

AC Half Bridge 
Reps 
-250 mV 50 Hz rejection Range 
IN Chan 
Excite all reps w/EXchan 3 
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05: 250 
06: 9 
07: 1 
08: 0 

06: P59 
01: 12 
02: 1 
03: 1 

07: P86 
01: 10 

08: P77 
01: 110 

09: P70 
01: .12 
02: 1 

10: P95 
11: P 

* 2 
01: 0 

01: P 

* 3 
01: P 

* A 
01: 28 
02: 64 
03: 0 

* C 
01: P26 

01: 0 
01: 0 
02: 0 
01: 0 
03: 0 
01: 0 

APPENDIX I 

mV Excitation 
Loc : 
Mult 
Offset 

BR Transform Rf[X/(l-X)] 
Reps 
Loc [: ] 
Multiplier (Rf) 

Do 
Set high Flag 0 (output) 

Real Time 
Day, Hour-Minute 

Sample 
Reps 
Loc 

End 
End Table 1 

Table 2 Programs 
Sec. Execution Interval 

End Table 2 

Table 3 Subroutines 
End Table 3 

Mode 10 Memory Allocation 
Input Locations 
Intermediate Locations 
Final Storage Area 2 

Mode 12 Security 
TimerC 

LOCK 1 Level Option 
ResetC 
LOCK 2 Code 
ResetC 
LOCK 3 Code 
Reset 
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APPENDIX II 

TABLE 11.1. Seasonal mean percentage of shoots injured by apple leafcurling 
midge at each property on the Waimea Plains, Nelson during the 95/96 and 96/97 
seasons 

Shoot Injury Percentage (±SE) 

Braeburn 
Royal Gala 
Significance] 

Property 1 
23.60(4.30) 
20.72(3.50) 

NS 

95/96 Season 
Property 2 
23.28(3.20) 

. 13.36(2.60) 

* 96/97 Season 
Property 1 Property 2 

Braeburn 23.33(4.01) 10.74(1.71) 
Royal Gala 33.04(5.13) 18.96(1.90) 
Significance] NS ** 
lSignificance: NS hO.05, * P<0.05, * * P<O.OI 

Property 3 
22.80(3.74) 
24.24(4.00) 

NS 

Property 3 
27.48(4.81) 
43.93(6.03) 

* 

Significancel 

NS 
NS 

Significance I 

** 
** 

TABLE 11.2. Seasonal mean percentage of shoots injured by apple leafcurling 
midge for each cultivar on the Waimea Plains, Nelson during the 95/96 and 
96/97 seasons. (Properties pooled for analysis) 

Percentage of Shoots Injured by ALM (±SE) 
95/96 Season 96/97 Season 

'Braeburn' 23.23(2.15) 20.52(2.28) 
'Royal Gala' 19.44(2.01) 31.96(2.91) 
Significance] NS ** 
lSignificance: NS hO.05, * P<0.05, * * P<O.OI 
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APPENDIX II continued 

TABLE 11.3. Seasonal mean percentage of leaves injured per shoot by apple 
leaf curling midge at each property on the Waimea Plains, Nelson during the 
95/96 and 96/97 seasons 

Leaf Injury Percentage (±SE) 
95/96 Season 

Braeburn 
Royal Gala 
Significance! 

Property 1 
10.53(0.87) 
10.86(1.38) 

Property 2 
9.31(0.82) 
9.51(1.23) 

Property 3 
11.29(1.45) 
12.33(1.53) 

Significancel 

NS 
NS 

NS NS NS' 

96/97 Season 
Property 1 Property 2 

Braeburn 9.87(1.10) 11.53(1.34) 
Property 3 
7.59(1.11) 
17.35(1.21) 

Significance 1 

NS 
Royal Gala 14.10(1.27) 11.94(0.78) 
Significance! * NS ** ** 
lSignificance: NS hO.05, * P<0.05, ** P<0.01 

TABLE 11.4. Seasonal mean percentage of leaves injured per shoot by apple 
leaf curling midge for each cultivar on the Waimea Plains, Nelson during the 
95/96 and 96/97 seasons (Properties pooled for analysis) 

Percentage of Leaves Injured per shoot by ALM (±SE) 
95/96 Season 96/97 Season 

'Braeburn' 10.38(0.63) 9.67(0.70) 
'Royal Gala' 10.90(0.80) 14.46(0.68) 
Significance! NS ** 
lSignificance: NS hO.05, * P<0.05, ** P<0.01 
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APPENDIX III 

TABLE 111.1. Insecticide usage on each property and cultivar for the 95/96 Season 

0.. 0.. ...... ...... ...... ...... > > > > u u u u u ,.D ,.D ,.D ,.D a a a I-. a 
Q) Q) u u u u 0 0 0 0 Q) Q) Q) Q) Q) = = = = Q) 

~ ~ 
Q) 

ro 
rJj rJj 0 0 0 0 z z z z 0 0 0 0 0 ro ro ro ro 

~ ~ ~ ~ ~ ~ ~ ...... ...... ...... ...... 
C"l 0 r- ~ 00 ~ --< 00 lr) C"'l 0\ \0 C"l 0 \0 C"l 0 r- C"l 0 r- ~ C"'l 0\ \0 C"l 0 
N C"l N N --< N --< N C"l --< N N --< --< C"'l --< N C"l 



APPENDIX III continued 

TABLE 111.2. Insecticide usage on each property and cultivar for the 96/97 Season 

0.. 0.. ..... ..... ..... ..... :> :> :> :> u u u u u ..0 ..0 ..0 ..0 @ @ @ @ 1-< 

CI) CI) u u u u 0 0 0 0 CI) CI) CI) CI) CI) = = = § 
~ ~ ~ 

CI) 
C<:I 

0 0 0 0 Z Z Z Z Q Q Q Q Q C<:I C<:I C<:I ::E ::E ::E ::E ::E CIl CIl ..... ..... ..... ..... ~ 
C") 0 r- -.:t - 00 -.:t - 00 trl N 0'1 \0 C") 0 \0 C") 0 r- C") 0 r- -.:t N 0'1 \0 C") 0 
N C") - N N - - N - N C") - N N - - N - N C") 

ic ati on 
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APPENDIX m continued 

TABLE m.2. Trade and chemical names of the insecticides used on properties during the 95/96 the 96/97 season 

Trade Name Chemical Name Company 
Basudin® 600EW diazinon Novartis NZ Ltd 
Diazinon 50WP diazinon Nufarm 
Basudin® 50WP diazinon Novartis NZ Ltd 

Lorsban® 50EC chlorpyrifos Dow Agrosciences 

Lorsban® 50W chlorpyrifos Dow Agrosciences 
Carbaryl 50F carbaryl Nufarm 
Septan® 800 carbaryl Fruitgrowers Chemical Co 

Gusathion® azinphos-methyl BayerNZLtd 



APPENDIX IV 

Diazinon residues (ppm) detected in soil analysis from each treatment 

DAAI 

o 
1 
7 
14 
21 
35 
49 
63 
84 

DAAI 

o 
1 
7 
14 
21 
35 
49 
63 

DAAI 

o 
1 
7 
14 
21 
35 
49 

First Diazinon Application 
Rep 1 Rep 2 Rep 3 

< 0.01* < 0.01* < 0.01* 
0.41 1.05 0.23 
0.20 0.19 0.25 
0.17 0.23 0.23 
0.37* 0.61 * 0.32* 
0.15 0.13 0.11 
0.11 0.15 0.06 
0.05 0.06 0.07 
0.05 0.06 0.03 

Second Diazinon Application 
Rep 1 Rep 2 Rep 3 

< 0.01 * < 0.01 * < 0.01 * 
0.85 1.23 1.77 
1.37 * 3.00* 2.45* 
0.29 0.34 0.24 
0.10 0.25 0.29 
0.13 0.12 0.18 
0.07 0.07 0.05 
0.02 0.08 0.08 

Third Diazinon Application 
Rep 1 Rep 2 Rep 3 
0.02* < 0.01 • < 0.01 * 
1.15 2.24 1.45 
0.32 0.22 0.43 
0.18 0.28 0.27 
0.42* 0.30* 0.38* 
0.07 0.09 0.07 
0.05 0.09 0.07 

Days after application * Values excluded from decay curve analysis 

APPENDIX IV 

Mean (±SE) 
< 0.01 (0.00) 

0.56(0:25) 
0.21(0.02) 
0.21(0.02) 
0.43(0.09) 
0.13(0.01) 
0.11 (0.03) 
0.06(0.01) 
0.05(0.01) 

Mean (±SE) 
< 0.01 (0.00) 

1.28(0.27) 
2.27(0.48) 
0.29(0.03) 
0.21(0.06) 
0.14(0.02) 
0.06(0.01) 
0.06(0.02) 

Mean (±SE) 
0.01(0.00) 
1.61 (0.33) 
0.32(0.06) 
0.24(0.03) 
0.37(0.03) 
0.08(0.01) 
0.07(0.01) 
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APPENDIX V 
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APPENDIX V 
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FIGURE V.I. Hypothetical fast (-), medium (-) and slow 
( - ) accumulated mortality curves generated from Ressig et al. 
(1983). 
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