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ABSTRACT 

PEST MANAGEMENT STRATEGIES FOR THE ALFALFA BLOTCH 
LEAFMINER, AGROMYZA FRONTELLA (RONDANI) (DIPTERA: 

AGROMYZIDAE), IN MASSACHUSETTS 

(May 1982) 

Alfred Jeffery Alicandro B.S., University of Massachusetts 

Directed by: Professor T. Michael Peters 

Sampling techniques for the alfalfa blotch leafminer (ABL), 

Agromyza frontella (Rondani) (Diptera: Agromyzidae) were evaluated in 

1979. Eclosion traps were the optimal method for determining the effect 

of modified crop harvests on ABL density. The sweep-net, although 

unable to distinguish between population increases due to eclosion vs. 

immigration, was considered useful in qualitative studies of leafminer 

population dynamics and phenology. Directional flight traps noted 

significant inter-plot movements of flies from cut to uncut plots at 

harvest. 

The feasibility of harvest schedule modifications to control 

the ABL was investigated in 1980. ABL development was well-synchronized 

to alfalfa growth under a standard 10% bloom harvest schedule. Early 

harvest of the first or second crop regrowths resulted in effective 

leafminer control (91 to 99% reduction). Harvest modifications also 

influenced the developmental rate of soil-dwelling pupae, by influencing 

crop canopy and soil microclimate. Instituting harvest control during 
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the second crop regrowth was found unacceptable, as full-season total 

hay yields and crude protein levels were significantly reduced. In 

contrast, modified first harvests produced forage yields and quality 

similar to that of the standard harvest schedule. Optimal conditions 

for ABL-induced damage were considered, and the basis for a dynamic 

ABL-alfalfa economic injury level model was developed. 

The practice of field-curing alfalfa hay after harvest increased 

survival of third instar ABL larvae; windrow simulation experiments 

showed that ca. 32% of third instars may complete their development and 

form pupae while hay is field-curing. 

Several methods were compared at forecasting ABL seasonality 

during 1978-1979-1980. The phytophenological indicator forecasts 

provided by Prunus pensylvanica and by Berberis thunbergii were more 

useful than calendar date, "ABL-days", cumulative degree-day, and crop 

development indices at forecasting ABL adult peaks for the first three 

generations. Forecasts were considered useful in scheduling leafminer 

sampling programs and in planning cultural control strategies for the 

fly. The conceptual basis and history of phytophenological indicators 

was considered and protocols for their use in pest management were 

out! ined. 
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CHAPTER I 

INTRODUCTION 

The presence of the alfalfa blotch leafminer (ABL), Agromyza 

frontella (Rondani), in North America was first detected in Hampshire 

County, Massachusetts during 1968 (Miller and Jensen 1970). Extending 

its range at approximately 80 kilometers per season (Mellors and Helgesen 

1978), the leafminer has spread north into the Canadian provinces of 

Ontario, Quebec, and the Maritimes (Bereza 1977), west to Ohio, and south 

to West Virginia (Hendrickson and Barth 1978). 

The general biology of the ABL has been considered in great 

detail (Dureseau and Jeandell 1977; Hendrickson and Barth 1978). Adults 

emerge synchronously in the spring from the overwintering pupal stage 

when the vernal growth of alfalfa, Medicago sativa L., is quite young. 

Three to four relatively distinct generations occur annually in 

Massachusetts (Andaloro 1981). Infestations are usually most severe 

during the second generation, as the native complex of hymenopterous 

parasites (Hendrickson and Barth 1979a) and the induction of diapause 

(Mellors and Helgesen 1980) limit third and fourth generations, respec¬ 

tively. Damage to alfalfa is caused by the feeding perforations made 

by female flies ("pinholes") and by the leafmining activities of the 

three larval instars. Guppy (1981) determined that in leaflets infested 

with a single mine, ca. 27% of the leaflet surface is encompassed. 
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Although the ABL is endemic to and widespread in Europe (Spencer 

1973), it is not considered economically important (Dureseau and 

Jeandell 1977). In contrast, much higher densities are common in North 

America (Plummer and Byers 1981; Andaloro 1981), resulting in several 

reports of economic crop loss (Anonymous 1972; Richard and Gagnon 1976). 

This inter-continent difference may be due to the reduced rate of hymen- 

opterous parasitism in North America (Hendrickson and Barth 1979a) as 

compared to Europe (Dureseau and Jeandell 1977). Precise economic 

injury levels for the ABL have not been determined (Byers and Valley 

1978; Thompson 1981). 

Andaloro (1981) reported that crop harvest schedules may influence 

ABL bionomics, and suggested that a modification of harvest time 

(Spencer 1974; Bremer 1976) may be useful for controlling the fly in 

Massachusetts. However, harvest schedules are an integral component 

of alfalfa management, directly influencing crop yields, quality, and 

stand persistence (Smith 1978). In addition, harvesting practices may 

affect the biology of many members of the alfalfa insect community 

(van den Bosch and Stern 1969; Andaloro 1981). Thus, before implement¬ 

ing such a control strategy, the impact of modified harvests on both 

ABL pest status and overall crop production was investigated (Chapters 

II, III, and IV). In order to efficiently schedule sampling activities 

for the leafminer, the value of phytophenological indicators in fore¬ 

casting ABL seasonality was also investigated (Chapter V). 



CHAPTER II 

EVALUATION OF METHODS FOR ASSESSING POPULATION RESPONSES OF THE 
ALFALFA BLOTCH LEAFMINER, AGROMYZA FRONTELLA (RONDANI), TO MODIFIED 

CROP HARVEST SCHEDULES 

Introduction 

The alfalfa blotch leafminer (ABL), Agromyza frontella (Rondani), 

is a recently introduced pest of alfalfa in the northeastern United 

States and eastern Canada. In Massachusetts, first and second genera¬ 

tion leafminer infestations may exceed 100 adults per sweep and 30-40% 

mined leaflets (Andaloro 1981). This highly visible damage has caused 

considerable grower concern and prompted our investigations of pest 

management alternatives for the fly. 

Despite their established efficacy (Spencer 1974; Bremer 1976; 

Thompson 1981), the use of insecticides to control the ABL is restrict¬ 

ed by the low unit-value of the crop and ongoing biocontrol programs 

for both the ABL (Hendrickson and Barth 1979b) and the alfalfa weevil, 

Hypera postica (Gyllenhal). Properly timed harvests have been success¬ 

fully evaluated for ABL control. By harvesting when the leafminer 

population is primarily in the early larval instar stage, the formation 

of soil-dwel1ing pupae is minimized. This in turn results in reduced 

recruitment into the adult stage and ca. 95% control in subsequent fly 

density (Spencer 1974; Bremer 1976). However, it is well known that 

alfalfa harvest schedules are an integral component of overall crop 

management (Smith 1978), directly influencing forage yields, quality, 

and stand persistence. In addition, harvest practices may affect the 

3 
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biology of many members of the alfalfa insect community (van den Bosch 

and Stern 1969). Thus, before implementing a harvest schedule modifica¬ 

tion to control the ABL, additional information on the effect of this 

practice on crop production and pest management was needed. 

In Chapter III, a season-long analysis of the effect of harvest 

modifications to control the ABL is presented; equal consideration is 

given to crop response and possible impacts on other insect species. 

The intent of this study was to evaluate sampling methods for the ABL 

under an experimental plot design in which adjacent plots were harvested 

by differing schedules. These results would then provide baseline data 

for the full-season analysis in 1980 (Chapter III). 

Materials and Methods 

Experimental plot design. Investigations were conducted during 1979 

on a 0.30 hectare stand of Saranac cultivar alfalfa. The stand had 

been summer-seeded in 1978 and one full-bloom harvest was made in that 

year. Three harvest schedule treatments were investigated to compare 

ABL population response and to evaluate leafminer sampling methods. 

The stand was subdivided into six equal plots, two per treatment, with 

harvested aisles maintained between plots (Figure 1). All plots, ex¬ 

cept for the unharvested control, were first cut between VI-6 and VI-9, 

when the crop was between 60 and 75% bloom. After this initial harvest, 

each plot was fertilized with 0-10-40 with boron at the rate of 448 

kilograms per hectare. Variations in harvest schedule were instituted 

during the second harvest period. The second harvest of the standard 
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Figure 1. Experimental plot design for assessing ABL response 
to harvest schedule modifications. Closed circles represent locations of 
directional flight traps used to monitor inter-plot fly movements. 
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harvest treatment was conducted at 10% crop bloom, generally considered 

the optimal crop management practice (Smith 1978). In contrast, the 

management treatment plots were harvested during the second harvest 

period on the basis of leafminer phenology, without regard for crop 

development. Second harvests in the management treatment were instituted 

at the appearance of linear, early instar ABL mines (Spencer 1974; 

Bremer 1976). The unharvested control plots again were left uncut 

during this period. Following this variable second harvest treatment, 

all plots, including the unharvested control, were cut on IX-11-81. 

Thus, uniform fall regrowth periods were provided. 

ABL sampling. The tendency of leafminer adults to aggregate on upper 

portions of alfalfa stems (Bremer 1976) facilitated the use of the 

sweep-net in monitoring adult population dynamics. Furthermore, Plummer 

and Byers (1981) reported the sweep-net to be as effective as the D-vac 

in sampling adults, except at very low densities. A standard 38 cm sweep- 

net with a 0.9 m handle was used to collect adult ABLs by taking 180 

degree arc sweeps through the top 20-25 cm of crop growth. At an alter¬ 

nating 3 and 4 day interval, three 5-sweep samples were collected per 

plot. Sampling was restricted to between noon and 3 p.m. to minimize 

possible diurnal variations in activity noted for other alfalfa insects 

(Saugstad et al. 1967). Collected insects were killed with ethyl ace¬ 

tate and frozen until counting. 

The minimal overlap between ABL generations enables adult 

emergence density to serve as a measure of leafminer abundance during 

the season (Mellors and Helgesen 1980). An eclosion trap modified 
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from Mellors and Helgesen (1980) was used to monitor recruitment into 

the adult stage during the second generation (i.e. third emergence). 

Traps consisted of inverted white plastic flower pots with the interior 

TM surface coated with a thin layer of diluted sticky Tack-Trap . The 

four drainage holes were covered with fine Saran screening to prevent 

escape of emerging adults and the entrance of contaminants. Approxi¬ 

mately one week before the onset of second generation adult emergence, 

20 traps were placed 2.5 cm into the ground in both the management and 

standard harvest treatments; traps were left in place until sweep 

samples indicated that the second generation emergence period had ended. 

As each trap covered 0.018 square meters of soil surface, counts were 

transformed to a per square meter basis. 

In order to monitor the activity patterns of adult ABLs at 

harvest, a directional flight trap (see Southwood 1966) was developed. 

Each trap consisted of a paired set of 14 cm diameter plastic petri 

dish covers mounted onto wooden paint stirrers, in a "lollipop" fashion 

(Figure 2). The surface of each cover was coated with a thin layer of 

TNI 
diluted sticky Tack-Trap and pairs were placed back-to-back into the 

soil. Traps intercepted flies moving between 20.5 and 35.5 cm above the 

soil surface. Ten pairs of traps were established around the management- 

b and standard-b plots for the two-day intervals before and after second 

harvest. Traps were placed two meters from the field edge, parallel 

to the edge, in the manner illustrated in Figure 1. In the lab, 

counts of ABL adults on each surface were made to provide estimates of 

net fly movement. 
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Figure 2. Design of directional flight trap used to monitor 
adult ABL inter-plot movements during 1979 at Amherst. 
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At second harvest, the total number of blotch mines per alfalfa 

stem was determined. This included mines occupied by live third instars, 

by dead third instars, and abandoned mines. Bremer (1976) determined 

that at densities greater than 10 larvae/stem, 25-stem samples yielded 

a 12% coefficient of variation. As densities encountered in this study 

were considerably greater, a 20-stem sample was collected from each 

plot at harvest. 

Results 

The timing of first harvest minimized interference with first 

generation leafmining activities. This allowed the buildup of high 

pupal densities and resulted in high ABL adult population densities 

during the second alfalfa regrowth in all three treatments (Figure 3). 

Although sweep-net counts indicated lower population densities in the 

unharvested plot, this was probably due to interference by the tangled 

and lodged growth of this treatment. 

The second harvest of the management treatment plots occurred 

on VII-6, when ABL adults were still very abundant. Following this 

harvest, a rapid increase in adult densities was noted in both the un¬ 

harvested and standard treatment plots (Figure 3). Thus a distinctly 

bimodal adult activity pattern was observed, contrary to the findings 

of Andaloro (1981). Directional flight trap data suggested that this 

second peak was due to emigration of flies from the harvested management 

plots (Tablel). 
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Figure 3. ABL adult population dynamics under three harvest 
schedules at Amherst, MA in 1979. The horizontal bar indicates the 
period in which eclosion traps were utilized. 
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Table 1. Inter-plot movements of ABL adults at harvest during 1979 

at Amherst, MA. 

Harvested 
Plot 

Harvest 
Date 

Sampling 
Interval 

Adult ABLs/trap^ 

Immigrants^ 
3 

Emigrants 

Management-b V11/6 VII/4-VII/6 15.4 - 4.4a 13.5 i 4.2a 

VII/6-VII/8 9.6 ± 2.5a 15.4 ± 4.5b 

Standard-a VI1/24 VII/22-VI1/24 0.2 ± 0.3a 0.3 ± 0.3a 

VII/24-VI1/26 12.0 - 5.4a 23.1 ± 6.7b 

^mean values with 95% confidence intervals; horizontal values 

followed by the same letter are not significantly different at 

p<0.05 (t-test). 

2 
adults trapped on sticky surfaces facing away from harvested 

plot 

3 adults trapped on sticky surfaces facing toward harvested plot 
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Table 2. Influence of harvest schedule on second generation ABL 

adult density at Amherst, MA in 1979. 

Harvest Treatment 

Standard Management 

Total blotch 
mines/stem at 
second harvest 

42.6 t 11.7a 5.3 ± 1,8b 

1,2 
Second generation 
adults/m^ 

2341.7 ± 550.6a 227.8 ± 112.8b 

^mean values with 95% confidence intervals; horizontal values 

followed by the same letter are not significantly different 

at p <0.01 (t-test). 

2 
eclosion trap data 
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At summer temperatures of 20-25°C, development from the egg to 

the pupal stage of the ABL takes ca. 9-12 days (Mellors and Helgesen 

1978). Thus by installing eclosion traps on VII-15, nine days after 

the management second harvest, the development of pupal progeny of 

immigrant flies was minimized in the standard treatment plots. Eclo¬ 

sion trap data indicated that the early harvest of the management 

treatment reduced second generation ABL adult density by 90.3% as com¬ 

pared to the standard treatment, due to the prevention of larval de¬ 

velopment (Table 2). 

The second harvest of the standard treatments was conducted at 

10% crop bloom; this was 18 days after the second harvest of the manage¬ 

ment treatment plots. Again, this harvest interfered with adult popu¬ 

lation dynamics as it occurred during the second generation adult emer¬ 

gence period (i.e. the third emergence) (Figure 3). A bimodal peak in 

adult activity was observed in the standard treatment plots, as popu¬ 

lations crashed after harvest and remained low until sufficient regrowth 

appeared.1 Despite the reduction in adult emergence density indicated 

by eclosion traps, ABL adult populations in the management treatment 

were very high. Directional flight traps again suggested this was due 

to emigration of flies from the harvested standard treatment plots 

(Table 1). 

Sweep samples indicated little difference in adult densities 

during the third generation adult emergence period (Figure 3). Apparent¬ 

ly, inter-plot movement of flies at harvest had neutralized the variable 

impact of harvest timing in the management and standard treatments. The 
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low densities of this generation are probably due to the induction of 

diapause in third generation pupae (Mellors and Helgesen 1980). 

Discussion 

The results of this study clarify the role of the sweep-net 

and the eclosion trap in analyzing ABL population dynamics. The popu¬ 

lation dynamics of a species are determined primarily by four factors: 

rates of natality, mortality, emigration, and immigration. The eclosion 

trap is sensitive to only the first factor, natality, or recruitment 

into the adult stage. Thus it was ideal for estimating absolute 

abundance of ABL adult generations, as is necessary in the construction 

of life tables (Mellors and Helgesen 1980). In contrast, the sweep-net 

provided an instantaneous estimate of adult activity levels. As 

sweep-net catches vary with many factors (Southwood 1966), it has 

limited value in analyzing inter-generation survival rates. This was 

particularly evident in the present study, in which the interplot 

movements of flies rendered sweep-net data useless in terms of assess¬ 

ing the impact of modified harvests on ABL survival. However, as it 

is sensitive to all the factors influencing population density, the 

sweep-net is useful in qualitative studies of ABL population dynamics 

and phenology. When used in concert with directional flight traps, 

population increases due to eclosion and immigration may be qualitatively 

isolated. 



CHAPTER III 

THE IMPACT OF CROP HARVEST SCHEDULES ON THE ALFALFA BLOTCH 
LEAFMINER AND IMPLICATIONS FOR CROP MANAGEMENT 

Introduction 

The alfalfa blotch leafminer (ABL), Agromyza frontella (Rondani), 

is a recently introduced herbivore of alfalfa in the northeastern United 

States and eastern Canada. Although the ABL is not considered economi¬ 

cally significant in its native Europe (Dureseau and Jeandell 1977), its 

pest status in North America remains uncertain (Byers and Valley 1978; 

MacCollum et al. 1980; Thompson 1981). In Massachusetts, first and 

second generation ABL infestations may exceed 100 adults per sweep and 

30-40% mined leaflets (Andaloro 1981). This highly visible damage has 

resulted in considerable grower concern and prompted our investigation 

of pest management alternatives for the fly. 

Despite their established efficacy (Spencer 1974; Bremer 1976; 

Thompson 1981), the use of insecticides to control the ABL is restrict¬ 

ed by the low unit-value of the crop and ongoing biological control 

programs for both the ABL (Hendrickson and Barth 1979b) and the alfalfa 

weevil, Hypera postica (Gyllenhal). As properly timed harvests have 

been proven effective at breaking the leafminer's life-cycle (Spencer 

1974; Bremer 1976), we considered this cultural control strategy a pre¬ 

ferred management option. However, it is well-known that harvest 

schedules are a key factor in alfalfa management, directly influencing 

forage yields, quality, and stand maintenance (Smith 1978). In 

15 
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addition, alfalfa harvest practices may affect the biology of many 

members of the alfalfa insect community (van den Bosch and Stern 1969). 

Thus, in order to evaluate the role of modified harvests in ABL pest 

management, a more complete understanding of the impact of such a prac¬ 

tice on crop production was required. In this study, ABL bionomics and 

alfalfa growth under a standard harvest schedule and modified harvest 

schedules were compared. 

Materials and Methods 

Investigations were conducted during 1980 at a university re¬ 

search plot in Amherst and at four commercial stands in western 

Massachusetts. At the Amherst site, one full-bloom harvest was conduct¬ 

ed in 1978 and three 10% bloom harvests in 1979. Each of the commer¬ 

cial stands was between 2-5 years old; crop management practices before 

1980 were unknown. All sites were pure stands of Saranac cultivar 

alfalfa in which no insecticides had previously been used. The location 

of each plot is more fully described in a concurrent study of ABL 

phenology (Chapter V). 

The full-season impact of three harvest schedules and an un¬ 

harvested control treatment were observed at the Amherst site. A 0.30 

ha stand was divided into four plots, each 16.8 m by 27.4 m, with 3.0 m 

harvested strips maintained between adjacent plots. Three harvests were 

conducted under each harvest schedule treatment; the fourth regrowth 

was left uncut. Harvested alfalfa was allowed to field-dry for 2-3 days 



17 

after each cutting. After the initial harvest, each plot was fertilized 

with 0-10-40 with boron at the rate of 448 kg/ha. 

For each treatment the timing of harvests was determined by either 

crop growth-stage or ABL development, as described in Table 3. The com¬ 

monly recommended strategy of harvesting at 10% crop bloom is represented 

by the standard treatment, in which the crop was managed without regard 

for the leafminer. Two management schedules were designed to implement 

ABL control. The management-! and management-2 treatments instituted 

ABL control during the first and second harvest growths, respectively. 

Both management harvests were timed to prevent the buildup of soi1 - 

dwelling pupal populations. Thus, the appearance of linear mines (first 

and second instars) was used as a cue to time management harvests 

(Spencer 1974; Bremer 1976). The unharvested treatment permitted ob¬ 

servation of leafminer survival and phenology in the absence of periodic 

host removal. 

ABL development and survival. The mature third instar larva, or blotch 

miner stage, was selected for monitoring larval phenology, as the de¬ 

velopment of this stage is critical in relation to ABL survival at 

harvest (Andaloro 1981). Bremer (1976) determined that at densities 

greater than 10 larvae/stem, 25-stem samples yielded a 12% coefficient 

of variation. As densities encountered in this study were considerably 

greater, a 20-stem sample was utilized to monitor third instar develop¬ 

ment. Stems were collected at random along diagonal transects through 

stands at 6-12 day intervals, as dictated by developmental rates and 
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harvest schedules. In the lab, the total number of live third instars/ 

stem was determined. 

The minimal overlap between ABL generations permits the use of 

adult emergence density as a measure of absolute abundance for each 

generation (Mellors and Helgesen 1980). An eclosion trap modified from 

Mellors and Helgesen (1980) was used to monitor recruitment into the 

adult stage. Traps consisted of inverted white plastic flower pots 

whose drainage holes were covered with fine Saran screening. The inter- 

TM ior surface was coated with a thin layer of diluted sticky Tack-Trap , 

and traps were placed 2.5 cm into the ground. One week before the onset 

of emergence was anticipated for each generation, 20 traps were random¬ 

ly placed in each plot and left in place until sweep samples indicated 

eclosion had subsided. Thus traps measured cumulative recruitment into 

2 
the adult stage for each generation. As each trap covered 0.018 m 

of soil surface, counts were transformed to a per square meter basis. 

Adult ABL dynamics in the standard treatment plot was monitored 

with a standard 38 cm sweep-net. Three 5-sweep samples were collected 

on an alternating three and four day basis. In conjunction, the first 

generation emergence profile of adults in each plot was monitored with 

a modified eclosion trap. The Saran screening over one of the four 

drainage holes was replaced with a 1-ounce clear plastic "mustard cup." 

Only the interior surface of the "mustard cup" was coated with sticky 

TM 
Tack-Trap , rather than the entire flower pot. Ten of these traps were 

placed in each plot and "mustard cups" were replaced at 2-day intervals. 

Thus adult eclosion was more closely monitored. Measurements of peak 
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daily soil temperature in each plot were recorded. At 2.00 p.m., a 

Taylor soil-dial thermometer reading was made at 2.5 cm below the soil 

surface. This provided a comparison of pupal microclimates between 

treatments, as ca. 90% of ABL pupae are found within the top 5 cm of 

soil (Guppy 1981). 

Satellite plot observations. The relationship between crop phenology, 

commercial harvest schedules, and ABL development was observed at the 

four commercial sites in Western Massachusetts. At each site, three 

5-sweep samples were collected on an alternating three and four day 

interval to monitor adult activity during the first two harvest periods. 

One 20-stem sample was collected weekly to monitor larval development. 

Ten eclosion traps were installed at each site to measure first genera¬ 

tion cumulative adult density. At harvest, the stage of crop development 

was characterized in terms of alfalfa flower phenology. 

Adult dispersal. Previous studies comparing adjacent small-plot harvest 

schedules illustrated the potential for dispersal of flies at harvest 

from cut to uncut plots (Chapter II). In order to assess such fly 

movements between plots in this study, the directional flight trap pre¬ 

viously described (Chapter II, Figure 2) was used. For 3-day intervals 

before and after each harvest, sixteen pairs of directional flight 

traps were placed around the harvested field in the following manner: 

five in each 3 m harvested aisle between plots and 3 on the outside edge 

of the rectangular plot. By comparing adult catches on the inside 

(i.e., toward the field being cut) and the outside surface of each pair. 
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an estimate of the net direction and magnitude of fly movement was ob¬ 

tained (Southwood 1966). 

Crop damage. The feeding activity of third instar ABL larvae is con¬ 

sidered the most serious damage caused by the leafminer, resulting in 

a ca. 27% loss of leaflet surface per blotch mine (Guppy 1981). Thus 

the density of blotch mines was used as the principal measure of ABL 

damage in this study. At each harvest, the total number of blotch 

mines (occupied, dead, or abandoned) per stem was recorded from a 20- 

stem sample. Estimates of pinholing damage (i.e., female feeding per¬ 

forations) were made by determining pinhole density per leaflet (n=10). 

Crop growth and yields. Crop growth response to the three harvest 

schedule treatments was monitored using the 20-stem samples collected 

for larval abundance estimates. In the lab, the mean height and per¬ 

centage bloom of samples was determined. 

In order to determine the suitability of the Amherst site for 

yield comparisons between harvest treatments, stand density analyses 

were conducted in early spring (IV-25) before the onset of ABL activity. 

Sixteen 0.31 m ring samples (7.5 X 10 ha each) were randomly col¬ 

lected from each plot and stems over 10 cm counted. 

Yield comparisons were conducted by randomly collecting sixteen 

ring samples (4.1 X 10"^ ha each) per plot at each harvest. Samples 

were oven-dried at 70°C for 36 hours before weighing. Three 50 mg 

subsamples were selected per treatment for crude protein determinations 

by the Kjehdal method (Horwitz 1970). 
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Results 

ABL development and survival. Adult ABL activity was well synchronized 

to alfalfa growth patterns under the standard harvest schedule in this 

study. Four distinct generations were observed, one during each crop 

regrowth period, before a killing frost on X-10 (Figure 4). These 

results agree with the findings of Andaloro (1981) at four sites in 

western Massachusetts during 1977-1978. 

Alfalfa stands were ca. 25 cm high when overwintered flies emerged 

in early- to mid-May, thereby providing ample host material for female 

feeding and oviposition. Although the 10% bloom harvest on VI-6 pre¬ 

vented complete development of the leafminer population, sufficient 

pupae accrued to provide a ca. 2.6-fold increase in first generation 

adult density as compared to overwintered levels (Table 4). A similar 

synchrony between crop and pest development was noted for the second 

harvest period, as the interval between harvests (39 days) and peak 

adult densities (40 days) were nearly identical. Despite high second 

generation larval densities, leafminer abundance declined precipitously 

during the third harvest period. As a sharp increase in the incidence 

of dead larvae was noted during the second regrowth, this decline was 

probably due to the native hymenopterous parasite complex (Hendrickson 

and Barth 1979a). Similarly, the low densities during the final crop 

regrowth were probably attributable to heavy late-season parasitism 

(Hendrickson and Barth 1979a) and the induction of diapause in third 

generation pupae (Mellors and Helgesen 1980). 
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Table 4. Cumulative ABL adult emergence densities for each generation 

under four crop harvest schedules at Amherst, MA in 1980. 

(Adult ABLs/m2) 1 

Harvest Schedule 

ABL Generation Uncut Standard Mgt.-l Mgt.-2 

overwintering 972.3a 894.5a 1022.3a 1039.0a 

first 2872.4a 2333.5b 16.7c 2422.4b 

second 2 577.8a 23.9b 50.0b 

third 2 150.0a 8.3b 5.6b 

^values followed by the same letter are not significantly different 
at 5% level by Duncan's multiple range test (horizontal comparison) 

2 
not determined 
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Although a full-bloom management schedule was not investigated 

at the Amherst site, leafminer development in the uncut plot is of value 

in estimating the impact of such a practice. At full-bloom of the spring 

growth (ca. VI-17), third instar populations had declined to 2/stem from 

a peak of 26.6/stem on VI-2. Thus a full-bloom cut would have permitted 

almost 100% completion of first generation leafmining activities and 

produced first generation adult densities comparable to those of the 

uncut treatment (Table 4). The development of alfalfa and the ABL in 

the uncut treatment was not monitored after the emergence of first 

generation adults, as the lack of fresh crop regrowth limited leafminer 

survival. 

Both the management-1 and -2 early harvest treatments provided 

effective leafminer control (Table 4). The management-1 first harvest 

was conducted fourteen days before 10% crop bloom. This minimized 

pupation of first generation ABLs, resulting in a significant 99.3% 

decrease in subsequent first generation adult density as compared to the 

standard treatment. These results agree closely with the findings of 

Spencer (1974) and Bremer (1976). Similarly, the early second harvest 

of the management-2 plot, 11 days before second regrowth 10% crop bloom, 

caused a significant 91.4% reduction in second generation adult densi¬ 

ties as compared to the standard treatment. 

The harvest schedules evaluated also influenced the developmental 

rate of soil-dwelling pupae. Crop development was similar under harvest 

schedule treatments during the first harvest period. However, differ¬ 

ences in first harvest cutting date produced marked variation in the 
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second crop regrowth (Figure 5, top third). As alfalfa canopy acts as 

a modifier of temperature and humidity (Pinter et al. 1975), these 

variations in regrowth influenced the soil microclimate experienced by 

pupal populations. On warm sunny days, peak soil temperatures (-2.5 

cm depth) under canopies of 16 cm or less exceeded peak ambient air 

temperatures (Figure 5, middle third). Conversely, the dense shading 

of the uncut plot (70+ cm) reduced peak soil temperatures to as much as 

9.5 'C below air levels. Little difference in temperature were noted 

between growths of 25-40 cm, as these intermediate canopies presumably 

had similar microclimates. On overcast days, smaller differences be¬ 

tween soil and ambient air temperatures were noted. 

Abandonment of leafmines by pre-pupal first generation ABLs 

was first noted on V-25 and continued in the uncut treatment until VI- 

19; peak mine abandonment occurred between VI-4 and VI-12. Thus in the 

early cut management-! plot, harvested on V-23, surviving pupae were 

exposed to elevated temperatures in relation to the standard and uncut 

treatments. Similarly, following the 10% bloom harvest of the standard 

plot on VI-6, the highest soil temperatures were noted in this plot 

(Figure 5, middle third). Mellors and Helgesen (19781 reported an 8.4 

day reduction in duration of the pupal stage between 20 and 25 'C. 

In this study the consistently lower soil temperatures of the uncut 

plot resulted in a significant 2-day delay in peak emergence of first 

generation leafminer adults (Figure 5, bottom third) as compared to the 

standard harvest treatment. Peak soil temperatures under eclosion pots 

varied little from normal soil readings (1-2 'C maximum difference); 
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differences were probably even less during non-peak temperature 

periods. Although the emergence density in the management-! plot was 

minimal, the rate of pupal development apparently was similar to that of 

the standard treatment. 

The emergence density of third generation adults was not investi¬ 

gated, as densities in both management treatments were quite low and few 

larvae completed their development in the old growth of the unharvested 

plot. 

Satellite plot observations. Observations at four commercial stands in 

western Massachusetts during the first two harvest periods confirm the 

results of Amherst harvest treatments (Table 5). First harvests were 

conducted between early and full bud at three of the sites, thereby 

reducing the buildup of first generation ABL pupae. In contrast, the 

10% bloom harvest at Greenfield resulted in uninterrupted first generation 

ABL development and subsequent elevated adult densities during the second 

regrowth. 

Adult dispersal. Overwintering generation adult numbers had already de¬ 

clined by the management-1 first harvest and remained low during the 

initial management-2 and standard harvests at 10% crop bloom (Figure 4). 

Thus, no net movements of flies between plots were noted by directional 

flight traps (Table 6). In contrast, the early second harvest of the 

management-2 plot on VI1-3 occurred when adult densities were still quite 

high (Figure 4). This sudden removal of feeding and oviposition sites 

resulted in a net movement of adults to the adjacent unharvested plot, 
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Table 5. The relationship between first harvest timing and ABL 

survival at four commercial stands in western Massachusetts 

during 1980. 

SITE 

Greenfield Conway S.D. I S.D. II 

Crop growth 
stage at first 10% bloom 
harvest 

Total blotch 2 
mines/stem at 30.Oa^ 
first harvest1 

Cumulative 
adults/nr , 1034.9a 
(generation 1) 

full bud early bud full bud 

0.0b 1.4c 1.0c 

11.6b 4.1b 17.9b 

^horizontal values followed by the same letter are not significantly 
different at the 5% level by Duncan's multiple range test 

2 
probably an underestimate, as harvest was conducted three days after 
last sampling date. 
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Table 6. Inter-plot movements of adult ABLs at harvest during 1980 

at Amherst, Ma. 

Adult ABLs/trap 
Harvest Sampling Immigrants Emigrants 

Plot Date Interval 

Management-1 5/23 5/21-5/23 4.8 ± 1.9 5.3 - 1.5 

5/23-5/25 2.7 + 
1 .1 3.2 ± 1.1 

Standard & 6/6 6/4-6/6 0.2 ± 0.2 0.1 * 0.2 
Management-2 

6/6-6/8 0.0 + 0.0 0.3 ± 0.2 

Management 2 7/3 7/1-7/3 21.4 + 4.2 26.9 ± 6.9 

7/3—7/5 12.8 + 2.4 24.0 - 5.9 

Management-! 7/7 7/5-7/7 20.7 + 4.1 21.1 ± 3.8 

7/7-7/9 4.9 
+ 2.3 4.3 ± 2.0 

Standard 7/15 7/13-7/15 5.8 + 3.7 7.1 i 4.4 

7/15-7/17 6.4 + 2.6 8.5 ± 4.8 

Management-! 8/14 8/12-8/14 2.2 + 1 .2 1.4 ± 0.7 
and -2 

8/14-8/16 1.1 ± 1.0 1.9 ± 1.4 

Standard 8/23 8/21-8/23 4.4 + 3.6 2.4 ± 1.8 

8/23-8/25 3.9 + 2.7 5.2 ± 3.9 

^mean values - 95% confidence intervals 

•jfc 

indicates significant net movement of flies at p 40.01 (t-test) 
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management-!. However, the second harvest of the management-! plot four 

days later precluded the development of progeny from immigrant females. 

No other significant interplot fly movements were noted. Thus, crop 

damage and yield estimates were not influenced by ABL dispersal between 

treatments. 

Crop damage. The total number of blotch mines/harvested stem was 

greatest during the first harvest of the standard treatment (Table 7). 

However, adult densities were clearly highest during the second crop 

regrowth, as indicated by both sweep-net peaks (Figure 4) and cumulative 

emergence densities (Table 4). The use of blotch mine density as a 

measure of ABL damage probably resulted in an underestimate of damage 

levels during the second crop regrowth. This may be due to several 

factors: 1) larval competition in multiple-mined leaflets, resulting 

in increased mortality (Guppy 1981) and smaller third instars and 2) 

higher larval mortality due to increased feeding by female flies ("pin- 

holing") (Dureseau and Jeandell 1977). During the second regrowth, an 

average of 101.2 pinholes/leaflet were observed, with individual leaf¬ 

lets sustaining over 200 pinholes. Guppy (1981) estimated that 86 

pinholes/leaflet was equivalent to 2% of the total leaflet surface area. 

The low damage levels observed during the third and fourth regrowths of 

the standard treatment was attributable to the impact of increased late- 

season parasitism (Hendrickson and Barth 1979a) and the induction of 

diapause in third generation pupae (Mellors and Helgesen), respectively. 

The early harvests of the management treatments virtually 
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Table 7. Total number of blotch mines per stem at each harvest for 

three harvest schedules at Amherst, MA in 1980. 

Harvest 

Total number blotch mines/ harvested stern^ 

Harvest Schedule 

Standard Management-! Management-2 

1 63.7a 0.2b 67.9a 

2 51.3a 0.4b 0.1b 

3 15.4a 0.1b 0.2b 

1 
horizontal values followed by the same letter are not significantly 
different at the 5% level by Duncan's multiple-range test. 
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eliminated ABL damage during subsequent crop regrowths (Table 7). The 

low incidence of blotch mines observed in either treatment following the 

modified harvest was due to either rapid third instar development in 

field-drying hay (Chapter IV) or occasional immigrant females. 

Crop growth and yields. No significant differences (Duncan's multiple 

range test, p<0.05) in stand density were noted between the three 

harvest schedule plots; the mean number of stems/m for all treatments 

was 549.0. Thus, the Amherst site was considered suitable for conduct¬ 

ing yield comparisons between harvest schedule treatments. 

Under the standard 10% bloom harvest schedule, alfalfa growth 

(Figure 6) and total hay and crude protein yields (Table 8) were 

greatest at first harvest. Yields decreased with each successive re¬ 

growth, partly due to the severe drought in Massachusetts during 1980. 

However, full-season yields were nearly identical to those reported by 

Smith (1978) under a 3-cut, 10% bloom harvest schedule in Wisconsin. 

Both management schedules resulted in varying crop growth pat¬ 

terns and yields for each harvest. As the management-1 and -2 modified 

harvests were conducted 14 and 11 days, respectively, before 10% bloom 

of the standard treatment, each reduced yields significantly during 

the truncated growth period. However, these early cuts produced a 

higher quality forage than the standard treatment. 

As both second and third harvest yields of the management-1 

schedule exceeded those of the standard treatment, full-season yields 

did not differ significantly between the two treatments. In contrast. 
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Table 8. Total dry matter (TDM) and crude protein (CP) yields of 

alfalfa harvested under three schedules at Amherst, MA in 1980. 

ALFALFA YIELD (loVams/ha)1 

Harvest 
Yield 

Component Standard Management-! Management-2 

first TDM 451.5a 289.1b 458.1a 

CP 82.5a 59.3b 84.3a 

second TDM 390.2a 420.8a 219.7b 

CP 73.6a 80.3a 49.2b 

third TDM 362.3a 397.3a 238.7b 

CP 67.0a 74.4a 44.7b 

Seasonal TDM 1204.0a 1107.2ab 916.5b 
totals 

CP 223.1a 214.Oab 178.2b 

1 horizontal values followed by the same letter are not significantly 
different at the 5% level by Duncan's multiple-range test. 
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full-season total hay and crude protein yields of the management-2 

treatment were 23.9% and 20.1%, respectively, below those of the stan¬ 

dard treatment. This was primarily due to the depressed growth re¬ 

sponse of the crop following the early second harvest (Figure 6). In 

addition, the only serious weed infestation in this study occurred 

during the third regrowth of the management-2 treatment when redroot 

pigweed, Amaranthus retroflexus L., became common. 

The stage of crop growth attained before killing frost (X-10-81) 

also differed between treatments (Figure 6); only the management-! 

treatment reached the early bloom stage during this final regrowth. 

Discussion 

Harvest schedule modifications. Alfalfa is grown in long-term rotations 

in the northeastern United States, lasting 4-6 years or more under 

ideal conditions. As winterkilling is the most important problem in 

overall crop production, stand persistence considerations are as im¬ 

portant as yield in formulating management decisions. Thus in order to 

fully interpret the impact of harvest modifications for pest control, 

a long-term cost benefit analysis is required. However, the results 

of this one-year study, coupled with the findings of harvest management 

research (Smith 1978), provide a basis for evaluating the potential of 

this pest management option. 

The standard harvest treatment (i.e. three cuts at 10% crop 

bloom) represents the optimal stand management practice in the northeast, 

balancing crop yields and stand maintenance. Earlier harvests produce a 
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higher quality forage and the possibility of four cuts per season, but 

reduce the carbohydrate root reserves so critical to winter survival. 

Conversely, full-bloom harvests produce a lower quality forage, but 

maximize root reserves. Thus the suitability of modified harvests 

must be judged in relation to the accepted optimal practice, represented 

by the standard treatment in the present study. 

In this regard, the management-2 treatment was an unacceptable 

crop management option. Like the standard treatment, the first harvest 

of management-2 was subjected to severe ABL infestation. Although the 

early second harvest minimized subsequent leafminer damage, this pre¬ 

mature cutting resulted in a reduced second harvest yield and poor 

growth during the third and fourth regrowths. In addition, the final 

uncut regrowth was well below that of the standard and management-! 

treatments, thereby increasing the potential of stand winterkill 

(Smith 1978). 

The management-! harvest schedule displayed considerably greater 

potential as a crop management option. The early first harvest virtually 

eliminated ABL pest pressure throughout the growing season. Although 

the truncated first harvest yield was below that of the standard treat¬ 

ment, subsequent crop production in the second, third, and fourth re¬ 

growth periods was increased. Overall crop yields and protein differences 

between the standard and management-1 treatments were insignificant, and 

the stage of regrowth at killing frost was greater for the latter 

treatment. 

Several other factors would dictate the value of a modified 
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harvest to control the ABL. Following severe winterkill, delaying 

harvest of spring regrowth to the full-bloom stage is essential for 

restoring root reserves. Thus, early first harvests would be imprac¬ 

tical. In contrast, spring weather conditions which accelerated the 

development of alfalfa growth in relation to leafminer phenology would 

be ideal for maximizing the benefits of first harvest ABL control. 

Quick-maturing alfalfa varieties would be most useful in this regard. 

Adult dispersal potential relates to the use of early first 

harvests in several ways. First, as witnessed in the present study, 

flies are able to move between small plots at harvest. This is es¬ 

pecially important when harvests are conducted during periods of high 

adult density. On a commercial scale in Massachusetts, it is common 

for established stands to be located adjacent to spring- and summer- 

seeded fields. Thus, the harvest of established stands could facilitate 

infestation of highly susceptible new growth. Secondly, it is unlikely 

that modified harvests would be acceptable on an annual basis, as this 

would probably decrease stand density. Since the adult ABL may disperse 

ca. 80 kilometers per season (Mellors and Helgesen 1978), the proximity 

of neighboring stands may be a key factor in evaluating the role of 

modified harvests at a particular site. 

Harvesting practices affect other members of the alfalfa insect 

community, including the economically important alfalfa weevil, Hypera 

postica (Gyllenhal) and the potato leafhopper (PLH), Empoasca fabae 

(Harris) (Simonet and Pienkowski 1979). In the present study, weevil 

populations were too low to interpret the impact of ABL harvest control 
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on this early-season defoliator. However, studies in Michigan (Cassa- 

grande and Stehr 1973) report that harvesting first growth between 

232 and 288 ‘-days C (base temperature=8.9'C) minimized weevil damage. 

The management-1 harvest, timed to control the ABL, occurred at 249'- 

days C (base temperature=6.8' C). Thus the integration of harvest con¬ 

trol strategies for the two pests may be feasible. The effect of modi¬ 

fied harvests on the PLH is less predictable, as the arrival of this 

annual immigrant in Massachusetts varies considerably between years. 

However, maintenance of stand vigor is essential in reducing PLH injury; 

thus harvest schedules which deplete root reserves, such as management-2 

in this study, are unacceptable. 

ABL pest status. The high ABL populations encountered in this study 

were in part due to the late harvest at this field in 1978 and 1979 which 

provided an uninterrupted host population for leafminer increase. The 

infestation levels present in the standard treatment probably approach 

a "worst-case analysis" in terms of ABL damage potential. Unfortunately, 

the experimental design of this study did not permit isolation of the 

impact of ABL pressure from the impact of harvesting schedule on alfalfa 

production. Nonetheless, these results contribute to the present under¬ 

standing of leafminer pest status. 

As previously mentioned, yields under the management-2 harvest 

schedule were apparently decreased by an interruption of the buildup 

of carbohydrate root reserves during the second crop growth. The first 

harvest of the management-1 treatment no doubt caused a similar problem. 



40 

as the early harvest was made when crop growth was only 79% of 10% 

bloom values (Figure 6). However, the subsequent second harvest yield 

of management-! was greater than that of the standard treatment (Table 

8). The ABL was the only serious pest of the study plots at this time, 

as alfalfa weevil and spittlebug populations were extremely low and 

the potato leafhopper had not yet arrived. Thus if crop response to 

first harvest timing and ABL damage are considered the primary variables 

influencing crop production during the second harvest period, then a 

minimum decrease in yield of 7.3% is attributable to the ABL. As the 

second growth of management-! was assumedly inhibited by suboptimal 

root reserve levels, the negative impact of the leafminer on second 

harvest yields was probably greater still. Indeed, a concurrent caging 

study, in which the differential impact of first harvest timings was 

removed, revealed a 26.3% second harvest yield loss due to the ABL 

(Alicandro and Peters 1980). In retrospect, the addition of a treatment 

in which insecticides were selectively employed to control the ABL 

under a standard harvest schedule would have facilitated distinguishing 

ABL damage from harvest timing impact. 

Thompson (1981) reported no differences in alfalfa yield between 

sprayed and check plots with differing ABL damage levels. However, the 

adult densities present in his experiment, 34/sweep, are far below the 

peak of 162/sweep noted in the present study. Such differences in den¬ 

sity may partly account for the varying interpretations of these and 

other studies (Byers and Valley 1978; MacCollum et al. 1980). 
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Field studies of ABL pest status have emphasized the relationship 

between crop damage at harvest and alfalfa yield (Thompson 1981; 

MacCollum et al. 1980). Results of the present study, however, illus¬ 

trate the dynamic interaction between crop growth and ABL bionomics and 

damage. Economic injury levels for the ABL must therefore vary with 

harvest period, stage of growth attacked, and leafminer phenology as 

well as pest density. It is generally agreed that the pest status of 

the leafminer bears little resemblance to that of the potato leafhopper, 

which at low densities may cause considerable damage. Thus efforts 

at determining ABL pest status should be directed toward identifying 

conditions under which ABL damage would be optimal. Our results suggest 

that the potential for ABL damage is greatest under a 10%-full bloom 

cutting schedule during the second harvest regrowth. By harvesting 

first crop between 10% and full bloom, the maximum increase in over¬ 

wintering populations is permitted. Additionally, such timing of first 

harvest provides a relatively immature second regrowth at the period 

of peak adult pinholing and oviposition. 

Our results underline the necessity of developing dynamic crop- 

pest models for determining the precise relationship between the al¬ 

falfa blotch leafminer and alfalfa. The major components of such a 

model for the second crop harvest are illustrated in Figure 7. At this 

time, relationships 1, 2, 3 (Smith 1978) and 6 (Spencer 1974; Bremer 

1976; this study) have a firm data base. The methodologies for study¬ 

ing relationship 5 are illustrated by Pinter et al. (1975) and a 

preliminary insight into relationships 7&8 is provided by our results 
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and those of Mellors and Helgesen (1978). The key to assessing ABL 

damage lies in developing an understanding of the susceptibility of 

various crop growth stages (relationship 4) and the effect of various 

ABL infestations on these growth stages (relationship 9). The design 

of the present study is of no value in this regard as the key variables, 

leafminer density and crop growth stage, are dependent. A study simi¬ 

lar to that of Thompson (1981) but with higher leafminer densities and 

variable cutting schedules is a feasible option. Similarly, the caging 

technique of Alicandro and Peters (1980) allows simultaneous variation 

of ABL density and crop development and should therefore be useful in 

determining leafminer economic injury levels. 



CHAPTER IV 

THE INFLUENCE OF FIELD-CURING HAY ON SURVIVAL OF THE 
ALFALFA BLOTCH LEAFMINER, AGROMYZA FRONTELLA (RONDANI) 

Introduction 

Alfalfa is commonly field-cured for several days after harvest 

in order to decrease moisture content from ca. 70-80% to 20-25%. Other¬ 

wise, problems with excessive heat content and molds may cause a loss of 

feeding value. Pinter et al. (1975) reported that survival of the beet 

armyworm, Spodoptera exigua (Hubner) is enhanced by the practice of dry¬ 

ing cut alfalfa hay in windrows. The windrow microenvironment modified 

climatic extremes in recently harvested fields, and thus facilitated 

development of larvae in wilting hay and increased the survival of soi1- 

dwelling pupae. Andaloro (1981) hypothesized that a similar phenomenon 

may occur in relation to the survival of the alfalfa blotch leafminer 

(ABL), Agromyza frontella (Rondani), after harvest. Thus, the following 

investigations were conducted to evaluate the relationship between field¬ 

curing alfalfa hay and leafminer survival. 

Materials and Methods 

Experiment I. The purpose of this study was to compare the ability of 

immature larvae (first and second instars) and mature larvae (third in¬ 

star) to complete their development and form puparia in the windrow 

environment. During the summers of 1979 and 1980, survival in windrows 

was simulated in the following manner: Stems with only immature larvae 
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or with only mature larvae were isolated by hand-picking leaflets off 

stems. The criteria of Hendrickson and Barth (1978) were used to dis¬ 

tinguish larval age classes. Stems containing leaflets with only one 

larval age-class were then placed in white plastic containers (33 cm 

X 45 cm X 20 cm high), the bottom of which was lined with a 3-ply layer 

of saturated blotter paper (Hendrickson and Barth 1977). Fifteen 

2 cm X 33 cm strips of blotter paper were placed over this 3-ply lining, 

in order to provide the necessary shading for pupal development. Stems 

with 200 of each type of mine were placed above this configuration and 

a 2-cm layer of quackgrass, Agropyron repens (L.) Beauv. was placed 

over alfalfa stems in order to provide an insulating windrow effect 

without introducing stray leafminers. Plastic tubs were then placed 

2 cm into the soil of a cut stand and left for 72-hour intervals. In the 

lab, the number of ABL puparia were counted. 

Experiment II. The purpose of this study was to evaluate the impact of 

field-curing hay on ABL larval and pupal survival under the management-1 

and standard harvest schedules investigated in Chapter III. A 12 m X 

12 m plot of Saranac alfalfa was subdivided into eight 3 m X 6 m units 

and four replications of the management-! and standard harvest schedule 

treatments assigned to these units at random. The first harvest of the 

management-1 treatment was taken on V-23-80, just as early instar larvae 

were beginning to form. Standard treatment plots were cut on VI-6-80 

at 10% crop bloom, after third instar populations had already peaked 

(Figure 4). Immediately after harvest, one-half of each plot was hand- 
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raked to remove all cut hay; the other half was raked into one 0.6 m 

X 3 m windrow and allowed to field-dry for 72 hours. Before the onset 

of first generation ABL adult emergence, 10 eclosion traps (Chapter II) 

were placed in each replicate, 5 in the immediately raked half and 5 in 

the windrow strip of the field-cured half. Thus, a total of 20 traps 

were present in each of the four treatments. Traps were left in place 

until sweep samples indicated that emergence was complete and then re¬ 

turned to the lab for adult counts. 

Results and Discussion 

Simulated windrow experiments revealed that early instar larvae were 

virtually unable to complete their development in harvested field-drying 

hay. Of the 800 first and second instar mines evaluated, only 0.9* 1.5% 

(95% confidence interval) formed puparia. In contrast, third instar larvae 

exhibited a significantly greater ability to complete their development in 

wilted hay (p<0.01, t-test), as 32.0 ± 8.4% (n=2000; 95% confidence inter¬ 

val) formed puparia. These data are probably not indicative of actual third 

instar survivorship in cut hay under commercial conditions, as this study 

involved only the lower surface of the windrow micro-environment. Mortality 

at the upper surfaces of the windrow may be greater due to more stressful 

temperature and moisture levels. However, these results clearly indicate 

that the negative impact of field-curing hay relates only to survival of 

mature ABL larvae. 

The results of Experiment II support this observation. Field-drying 

hay had no significant effect on ABL survival under the management-! 

harvest schedule (Table 9), as few mature larvae were present at cutting 
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Table 9. Cumulative first generation ABL adult densities under four 

first harvest treatments at Amherst, MA in 1980. 

Harvest Treatment 

Management-! Standard 

removed windrowed removed windrowed 

(Adults/m2)1 97.2a 91.7a 1,514.0b 2,194.4c 

1 values followed by the same letter are not significantly different 
at the 5% level by Duncan's multiple range test. 
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(Table 7). However, a significant 31.0% reduction in first generation 

ABL adult density resulted from the immediate removal of harvested hay 

under a standard harvest schedule. Although this difference was partly 

attributable to the exiting of wilting leaflets by third instar larvae, 

the modification of soil temperatures by the windrow may also have in¬ 

creased pupal survival. 

The modification of alfalfa field-curing practices for ABL pest 

management is infeasible, given the importance of proper hay moisture 

levels during storage. However, the ability of mature larvae to complete 

their development in windrows underlines the necessity of conducting 

management harvests before the onset of this stadium. Mellors and 

Helgesen (1978) report that development from the early instar to the 

mature instar takes 3.5-4.5 days at 20-25 degrees centigrade. Thus, 

harvesting at the initial detection of linear, early instar mines should 

preclude the maturation of larvae during the 2-3 day field-curing period. 



CHAPTER V 

FORECASTING AGROMYZA FRONTELLA (RONDANI) SEASONALITY WITH 
PHYTOPHENOLOGICAL INDICATORS 

Introduction 

Seasonality forecasts in pest management. Forecasting the seasonal 

development of key arthropod species is considered an essential compon¬ 

ent of agricultural pest management programs. The efficacy of pesticide 

applications, biological and cultural control strategies, and pest 

monitoring programs may each be enhanced by reliable forecasting systems. 

However, a study conducted by the Intersociety Consortium for Plant 

Protection (Anonymous 1979) suggests that the lack of accessible fore¬ 

casting tools is a limiting factor in extension integrated pest manage¬ 

ment (IPM) programs. Thus the need for increased research and education 

efforts in this area is apparent. 

The goal of IPM seasonality forecasts is to anticipate the 

periods, or "windows", when critical events occur in the field (Welch 

et al. 1978). Such critical events include the onset of a damaging 

pest life-stage, the buildup of pest density to a critical level, or the 

development of a susceptible crop growth-stage. The primary role of fore¬ 

casts lies in crop and pest monitoring programs. By defining a time 

period in which there exists a high probability of collecting critical 

data, forecasts aid in scheduling optimal use of IPM scouts. 

Three approaches to forecasting arthropod seasonality are current¬ 

ly available for agricultural pest management programs: calendar alerts, 
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temperature-dependent development models, and plant phenological (phy¬ 

tophenol ogical) indicators. Whereas the first two approaches are quite 

familiar to most TPM personnel, phytophenological indicator forecasts 

have received only intermittent use in pest management. The intent of 

this paper is to familiarize IPM personnel with this viable forecasting 

option, using the development of a phytophenological forecasting system 

for the alfalfa blotch leafminer (ABL), Agromyza frontella (Rondani) as 

an example. First, however, the underlying concepts and previous uses 

of this technique are discussed. 

Conceptual basis for phytophenological forecasts. Phytophenological 

indicator forecasts have been employed in several facets of natural re¬ 

source management, including wildlife biology (Leopold and Jones 1947; 

Hungerford 1953), range management (White 1979) and crop production 

(Wielgolaski 1974). Although use of the technique in pest management has 

been limited, phytophenological indicators have been used in forecasting 

the development of mosquitos (Penfound et al. 1945), forest insects 

(Kielszewski 1962; Wickman 1976), and agricultural (Przybylski 1970; 

Matthewman and Harcourt 1971; Straub and Huth 1976) and ornamental pests 

(Tashiro and Gambrel! 1963; Kapler 1967). Although the history and po¬ 

tential applications of phytophenological indicators has been reviewed 

(Newman and Beard 1962), the underlying concepts of this approach have 

received little consideration in crop protection literature. 

By comparing the theoretical foundation of phytophenological 

forecasts to that of the more familiar temperature-dependent development 
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model, a better understanding of the former technique may be obtained. 

Simulation models of phenological development require a comprehensive 

analysis of the relationship between climate and species' development. 
/ 

The influence of temperature on both post- and non-diapause development 

may need to be quantified for multivoltine species; similarly, the de¬ 

termination of diapause termination in the field may be necessary for 

proper initiation of degree-day accumulations (Tauber and Tauber 1976). 

In contrast, the development of phytophenological forecasts is a highly 

empirical process. The causal relationships between climatic factors 

and species' development need not be understood; rather, naturally 

occurring synchronies in the timing of plant and insect seasonal events 

are utilized for their predictive value. For example, Tashiro and 

Gambrel! (1963) noted a consistent correlation between full-bloom of 

horse chestnut, Aesculus hippocastanum L., and peak density of the soil¬ 

dwelling prepupae of the European chafer, Amphimallon majalis (Razou- 

mowsky). Thus the easily observed bud-burst of the plant indicator 

species was useful in forecasting a cryptic life-stage of an insect pest. 

The major assumption underlying the use of phytophenological 

indicator forecasts in pest management is that both plant and insect 

seasonality respond similarly to the many climatic components (e.g., 

temperature, photoperiod, humidity, etc.). Kapler (1967) suggested that 

since plant development is influenced by the full range of weather con¬ 

ditions, they provide more accurate indications of insect seasonal de¬ 

velopment than thermal-unit accumulations alone. Indeed the post¬ 

dormancy development of most woody plant (Flint 1974) and insect species 
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(Tauber and Tauber 1976) is regulated primarily by the same factor, 

temperature. Similarly, the termination of plant dormancy and insect 

diapause is generally dictated by photoperiod and temperature. How¬ 

ever, the responses of individual plant and insect species to climatic 

gradients vary considerably. Consequently, the seasonal development 

of most insects and plants is not consistently synchronized. Just as 

the modeler must develop an equation to describe a species' tempera¬ 

ture-development response, so the phenologist must screen the seasonality 

patterns of many plant species in selecting reliable indicators of insect 

phenology. 

The ABL as a model system. The alfalfa blotch leafminer (ABL) has 

elicited considerable concern since it was first detected in North 

America thirteen years ago (Miller and Jensen 1970). Although several 

instances of economic damage have been reported (Anonymous 1972; Richard 

and Gagnon 1976), the pest status of the fly remains uncertain (Thompson 

1981). The common practice of harvesting alfalfa between 10% and full 

bloom may allow ABL population densities to reach injurious levels 

(Alicandro and Peters 1980). Conversely, properly timed harvests may 

reduce infestations to insignificant levels (Spencer 1974; Bremer 1976), 

without decreasing yields (Table 8). 

As the ABL completes 3-4 relatively distinct generations annually 

in Massachusetts (Andaloro 1981), the synchronization of sampling ac¬ 

tivities to pest phenology was considered a necessary step in the develop¬ 

ment of a cost-effective management program. Adult population peaks 
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represent a critical event in leafminer phenology for several reasons. 

First, peak adult density is the optimal stage for maximizing insecticide 

efficacy (Thompson 1981). Secondly, peak adult density generally pre¬ 

cedes the onset of pupation in the field by 2-5 days (Figure 4). Thus 

harvest modifications to control the ABL should be instituted shortly 

after adult density peaks. Finally peak adult density provides an ideal 

stage for determining economic threshold levels (ETL). Mellors and 

Helgesen (1978) developed a temperature-dependent model to forecast ABL 

adult phenology in New York. The information-delivery system needed to 

implement such an approach is currently lacking in Massachusetts. In 

addition, the low unit-value of the state crop dictates the development 

of a forecasting tool suited to implementation at the grower level. 

Consequently, the efficacy of phytophenological indicator forecasts in 

scheduling ABL sampling programs was investigated in the present study. 

As a basis for evaluation, three other forecasting options were also 

considered. 

Materials and Methods 

Site Descriptions. Investigations were initiated at Amherst, MA in 

1978. Since the commercial stand used in 1978 was replanted to corn the 

following spring, the study was transferred to a research plot 3.2 

kilometers to the west for the final two seasons of the study. 

In order to consider topographically-induced variations in ABL 

and plant phenology, four commercial stands were added in 1980. Figure 

8 illustrates the location and altitude of each site. The South Deerfield 
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Figure 8. Geography of 1980 study sites. 
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I site was within 300 meters of the Connecticut River; all other sites 

were upland habitats. 

Each alfalfa stand was between two and five years old and of 

Saranac cultivar. No insecticides were applied to any field during 

the study period and harvest schedules varied between three and four 

cuts per season. 

Seasonal temperature trends. Temperature data of the Amherst College 

weather station, 3.5 kilometers south of the Amherst study site, were 

used to characterize meteorological variability between the three years 

of the study. 

The developmental threshold for the ABL, 6.8'C (Hendrickson and 

Barth 1978), was used as a base temperature for accumulating degree-days. 

Degree-days were computed by subtracting 6.8'C from the mean daily 

temperature, which was determined by averaging daily maximum and minimum 

values. Negative values were considered equal to zero. Degree-days were 

accumulated from January 1 each season, as the timing of ABL diapause 

termination in the field has not been determined. As a basis for assess¬ 

ing climatic variability during the study period, seasonal degree-day 

accumulations were compared to 32-year norms for the Amherst area. These 

were determined by subtracting 6.8'C from 32-year mean monthly tempera¬ 

tures, and multiplying this value by the number of days in that month. 

ABL phenology. The tendency of leafminer adults to aggregate on the 

upper stem portions of alfalfa (Bremer 1976) facilitates the use of the 

sweep-net in monitoring adult population dynamics. Furthermore, Plummer 
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and Byers (1981) report the sweep-net to be as effective as the D-vac 

in sampling adults, except at very low densities. A standard 38 cm net 

with a 0.9 m long handle was used to collect adult ABLs by taking 180 

degree arc sweeps through the top 20-25 cm of crop growth. At an alter¬ 

nating 3 and 4 day interval, three 5-sweep samples were collected per 

site; intervals were shortened during periods of rapid population density 

change. Sampling was restricted to between noon and 5 p.m. to minimize 

possible effects of diurnal variations in adult activity (Saugstad et 

al. 1967). Similarly, potential variations due to sweeping technique 

(Cothran and Summers 1972) were reduced by assigning sweep-net sampling 

to a single individual per season. 

Plant Seasonality. Observations of plant phenology were confined to 

within a 4.8 kilometer radius and to within fifteen meters elevation of 

respective alfalfa stands. Observations were made at 2-day intervals 

during key stages in ABL and plant species' development, and on ABL 

adult sampling dates during other periods. 

During 1978 and 1979, the flowering dates of approximately 150 

species were recorded at the Amherst site to establish a list of poten¬ 

tial indicators (unpublished data). To facilitate this initial screen¬ 

ing process, the initial anthesis or beginning of bloom of only the 

earliest flowering individual of each species was recorded in 1978. 

This same individual, for perennials, or a member of the same population, 

for annuals and biennials, was observed in 1979. All plant specimens 

observed had unobstructed southern exposure and were not adjacent to 

artificial heat sources (e.g., buildings). 
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From this 2-year list, promising indicator species were eval¬ 

uated in forecasting ABL adult emergences at all five sites during 

1980. In order to assess intraspecific phenological variability in 

indicator populations, an increased number of individuals were observed 

at each site. 

The value of host plant phenology in forecasting adult ABL 

seasonal activity was also investigated. On a weekly interval, one 20- 

stem sample was collected randomly along diagonal transects through 

each alfalfa stand. In the lab, mean stem heights and flowering stage 

were determined. 

Evaluation of forecasting options for ABL management. The efficacy of 

phytophenological forecasts was compared to that of three other forecast¬ 

ing options: calendar date, cumulative degree-days, and "ABL-days." 

Calendar date forecasts were determined by using the 3-year mean 

date of occurrence for each ABL adult population peak as a forecasting 

index for each particular season. Forecast length was equal to the 

number of days between this 3-year mean and the actual date of peak 

occurrence during each season. 

The number of days between overwintering ABL generation peak 

adult density and subsequent generation peaks was termed "ABL-days". 

Three-year mean values for "ABL-days" were used as a forecasting index 

for first and second leafminer generations. 

In order to provide a common base unit for comparing forecasting 

options, a normalizing procedure was used to convert three-year mean 
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degree-day data back to an appropriate calendar date for each season 

(White 1975). For the overwintering ABL generation, the mean accumulated 

degree-day value at peak adult occurrence (Table 10) was reduced by 100 

degree-days C to provide a suitable forecasting length. Thus, the dates 

by which 146.9 degree-days C accumulated each season were used as a 

forecasting index. The accumulation of thermal-units was much more rapid 

during the subsequent summer ABL generations. Thus, in order to provide 

a similar forecast length, the three-year mean accumulated degree-day 

value at first and second generation peak adult density was reduced by 

200 degree-days C. This resulted in forecasting indices of 517.0 and 

1096.0 degree-days C for the first and second leafminer generations, 

respectively. 

Inter-site forecasting evaluations during 1980 were made in a 

similar fashion, except that the variability between sites rather than 

between years was compared. Degree-day forecasts were excluded from 

this analysis, as precise temperature data were not available for each 

site. 

Results and Discussion 

Seasonal temperature trends. Effective temperatures for development 

varied considerably during the study period as compared to 32-year norms 

for the Amherst area. Since critical differences in degree-day accumu¬ 

lations occurred during the spring, the data is presented in log-jQ form 

to facilitate comparison of low, early-season accumulations (Figure 9). 

Since the data is presented in a cumulative manner, the rate of 
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Figure 9. Accumulated degree-days (centigrade) at Amherst, MA 
during 1978-1979-1980 and 32-year norm values. Threshold temperature 
is 6.8 degrees centigrade. 
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accumulation (i.e., the slope of the curve) indicates temperature 

patterns during particular periods of the year. 

Aside from warmer than average springs, temperature trends in 

1979 and 1980 were similar to the long-term norm, as indicated by the 

parallel nature of their accumulation curves. In contrast, the tem¬ 

perature trends of 1978 were quite variable. Early spring was cooler 

than the norm during this season. May through mid-June was warmer than 

the norm, and July and August were again cooler than average. 

ABL phenology. In monitoring the population dynamics of ABL adults, 

rates of eclosion and survivorship were considered to be the primary 

variables influencing changes in density. Although immigration and 

emigration no doubt occurred, their impact was assumed to be minimal 

during most of the sampling period. However, dispersal between adjacent 

plots at harvest has been documented (Chapter II) and was observed 

during 1979 in this study at the Amherst site (Chapter III). Changes 

in adult density due principally to immigration from adjacent harvested 

plots are illustrated in Figure 10. 

Although as many as four complete leafminer generations are 

feasible in Massachusetts, only the initial three reach densities of 

agronomic concern (Andaloro 1981). Third generation adult emergences 

are generally small, as many third generation pupae enter diapause 

(Mellors and Helgesen 1980). In the present study, adult densities 

were consistently greatest during the first generation (i.e., the second 

emergence), exceeding 150 adults/sweep at the Amherst site in both 1978 
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and 1980 (Figure 10). The 10% crop bloom harvests of the Amherst site 

allowed almost complete pupation by the first generation ABL cohort, and 

interfered only minimally with development of the second generation. 

The variable densities of the overwintering and second generations 

probably reflect inter-season differences in winter mortality and sum¬ 

mer parasitism rates (Hendrickson and Barth 1979a), respectively. 

The developmental progress of the soil-dwelling pupal stage is 

particularly critical to the timing of adult emergences. Between 10'C 

and 251C, the temperature-development curve for the pupal stage is 

exponential (Mellors and Helgesen 1978), resulting in considerable dif¬ 

ferences in developmental period over small temperature ranges. Also, 

as the overwintering stage, the post-diapause development of pupae 

dictates the timing of subsequent seasonal events. 

The effect of the cool spring of 1978 on the maturation of 

overwintering pupae is reflected in a delayed adult emergence profile 

(Figure 10). Initial detection of adults at the Amherst site in 1978 

was delayed by 10 and 9 days as compared to 1979 and 1980, respectively. 

Similarly, peak adult density of the overwintering generation occurred 

9 days later in 1978 than in 1980. Although the period of peak adult 

density was not observed in the spring of 1979, a comparison of tem¬ 

perature trends and ABL phenology in 1979 and 1980 suggests that adult 

density peaked on V-16-79. 

A similar time-lag was noted between the "late" 1978 season and 

the "early" 1979 and 1980 seasons for the peak density of first genera¬ 

tion leafminer adults. Inter-plot dispersal of flies at harvest during 
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MAY JUN JUL AUG 

Figure 10. ABL adult population dynamics at Amherst, MA during 
1978-1979-1980. Dotted portion of 1979 curve indicates population change 
due primarily to immigration from an adjacent harvested plot. Vertical 
hatched lines indicate crop harvesting dates. 
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1979 resulted in a bimodal peak during the second harvest growth. 

However, supplementary dispersal trap data document the initial peak 

as the true indicator of leafminer phenology within the plot (Table 6). 

As the proximity of the subsequent harvest precluded development of 

immigrant flies' progeny, second generation sweep samples reflected 

only "in-field" population dynamics. 

The subnormal temperatures of July and August, 1978 further 

delayed the emergence of second generation adults in relation to 1979 

and 1980 occurrence. Peak adult density during the third crop regrowth 

was delayed in 1978 by 13 and 15 days as compared to 1979 and 1980, 

respectively. In contrast to the distinct gaps between overwintering 

and first generation adult populations, a partial overlap between the 

first and second generations was observed. This was probably due to 

the rapid development of second generation pupae under high summer tem¬ 

peratures . 

The number of degree-days between successive ABL adult population 

peaks was calculated to provide an estimate of thermal-unit requirements 

of each generation. As weather station data was used, we were unable 

to consider the microclimates occupied by larval leafminers or soil- 

dwelling pupae (Ferro et al. 1979). Nevertheless, three-year mean 

degree-day values for each generation are similar to those reported under 

laboratory conditions. Guppy (1981) estimated a degree-day requirement 

of 285 for overwintering pupae using a developmental threshold of 4'C. 

Considering the slightly higher base temperature used in our accumulations. 
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6.8'C (Hendrickson and Barth 1978), the mean degree-day value for 

overwintering generation peak adult emergence in this study is very 

similar (Table 10). The developmental requirements for completion of 

the egg to the adult stage for non-diapause ABL generations have been 

estimated at 502 (Hendrickson and Barth 1978) to 511 degree-days C 

(Guppy 1981) in the lab. While the degree-day values observed for 

completion of first generations in this study were quite close to this 

value (Table 10), those of the second generation were probably over¬ 

estimated as temperatures in this period exceeded optimal temperature 

for development. 

Plant seasonality. Although the 6.8 'C developmental threshold used in 

computing degree-days is specific to the ABL, similar thresholds have 

been estimated for numerous plant species (Lindsey and Newman 1956; 

Taylor 1967). Thus the effective temperature data of Figure 9 is also 

useful in analyzing the seasonal development of indicator plants. 

The initial antheses of all but three of the thirty plant species 

listed in Table 11 were delayed in 1978 as compared to the warmer 1979 

and 1980 seasons. The mean standard deviation in flowering date for 

the thirty species over the three seasons was 5.1 days. On an individ¬ 

ual species basis, however, there was a wide range of responses to the 

differing climatic conditions of the three study seasons. The flowering 

of Morrow honeysuckle, Lonicera morrowi Gray and of bull thistle, 

Cirsium vulgare (Savi) Tenore displayed the qreatest, 10.7 days, and the 

least, 1.2 days, inter-season variability, respectively. Spring flowers 

exhibited greater inter-season variability than did late-season blooming 

species. The mean standard deviations in flowering date for the first. 
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Table 10. Degree-days (centigrade) between peak adult densities of the 

first three ABL generations at Amherst, MA during 1978-1979- 

1980. 

ABL Generation 

Degree-days (centigrade)^ 

1978 1979 1980 
3-year 
mean 

overwintering 236.0 279.72 224.9 246.9 

first 522.1 454.2 433.9 470.1 

second 610.4 558.6 568.1 579.0 

^6.8 degree centigrade threshold temperature 

o 
based upon estimated date of peak adult density (see text) 
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Table 11. Flowering dates of 30 plant species in Amherst, MA during 

1978-1979-1980 

Anthesis Dates^ 

Species 1978 1979 1980 MEAN St^Days) 

Pyrus communis L. 133 120 120 124 7.5 

Berberis thunbergii DC 132 121 122 125 6.1 

Prunus pensylvanica L.f. 132 120 122 125 6.4 

Sambucus pubens Michx. 132 122 123 126 5.5 

Mai us pumila Mill. 133 123 125 127 5.3 

Syringa vulgaris L. 139 125 127 130 7.6 

Aesculus hippocastanum L. 137 130 132 133 3.6 

Lonicera morrowi Gray 146 127 128 134 10.7 

Sorbus aucuparia L. 146 130 133 136 8.5 

Robinia pseudoacacia L. 157 141 144 147 8.5 

Rubus allegheniensis Porter 157 146 146 150 6.4 

Rosa multi flora Thunb. 164 153 157 158 5.6 

Sambucus canadensis L. 174 163 170 169 5.6 

Catalpa speciosa Warder 173 167 171 170 3.1 

Asclepias syriaca L. 176 169 175 173 3.8 

Spiraea latifolia (Aiton) Borkhausen 177 170 171 173 3.8 

Phytolacca americana L. 181 178 182 180 2.1 

Cichorium intybus L. 185 178 178 180 4.0 

Daucus carota L. 187 178 178 181 5.2 

Castanea mollisima B1. 187 178 181 182 4.6 

Verbena hastata L. 196 182 183 187 7.8 

Solidago juncea Ait. 200 193 195 196 3.6 

Spiraea tomentosa L. 205 196 194 198 5.9 
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Table 11. Continued 

Anthesis Dates^ 

Species 1978 1979 1980 MEAN SD‘ "(Days) 

Impatiens capensis Meerb. 212 197 204 204 7, .5 

Arctium minus (Hill) Bernh. 204 203 206 204 1, .5 

Cirsium vulgare (Savi) Tenore 205 203 205 204 1, .2 

Eupatori urn perfoliatum L. 207 204 205 205 1 .5 

Echinocystis lobata (Michx. ) 210 204 205 206 3 .2 

Tanacetum vulgare L. 211 205 204 207 3 .8 

Polygonum cuspidatum Sieb. & Zucc. 237 234 237 236 1 .7 

^Julian calendar 

2 
standard deviation 
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second, and last 10 plants to bloom were 7.0, 4.4, and 3.8 days, re- 

soectively. 

Selection and evaluation of indicator plants. In addition to synchrony 

with leafminer phenology, several other criteria were used in evaluating 

the potential of indicator plant species. As recommended by Newman and 

Beard (1962), indicator plants utilized in this study were common, 

easily identified species with conspicuous flowering events. Woody 

perennials were assigned top priority, as their location is fixed and 

their development easily observed. By restricting plant observations 

to within 4.8 kilometers of the alfalfa study sites, the availability 

of indicator species was also assessed. Given the habitats associated 

with New England dairy farms, all indicator plants selected were located 

in disturbed areas such as roadsides and field borders or were ornamental 

plantings. 

Selection of potential indicators-1978 & 1979. Although the 

flowering of species 1 through 6 (Table 11) were synchronous with over¬ 

wintering ABL adult emergence in 1978 and 1979 at the Amherst site, only 

pin cherry, Prunus pensylvanica L.f., and Japanese barberry, Berberis 

thunbergii DC, satisfied all criteria of optimal indicator species. 

Both species flowered within one day of initial ABL detection in 1979 

and 1980. More importantly, the flowering of both species forecast the 

peak density of overwintering adults 14-16 days in advance. 

The selection of potential indicators became increasingly diffi¬ 

cult for each subsequent leafminer generation. The vernal flowering habits 
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of most woody plants limited the use of these preferred indicators as 

the season progressed. Of the thirty species listed in Table 11 the 

first fourteen to bloom were woody perennials as compared to only three 

of the final sixteen. Hardy catalpa, Catalpa speciosa Warder, and common 

milkweed, Asclepias syriaca L., were selected as the only suitable in¬ 

dicators of first generation adult emergence. C^. speciosa bloom fore¬ 

cast peak adult density by 9-14 days during 1978 and 1979 at Amherst, 

while that of A. syriaca provided a 7-11 day forecast. The similarity 

between £. speciosa and the later-blooming £. bignonioides limits the 

former's value as an indicator species. Similarly, the extended blooming 

period of A. syriaca populations reduces the practical use of this annual 

species in a pest management forecasting system geared to the grower 

level. Only wild cucumber, Echinocystis lobata (Michx.), was considered 

a potentially effective indicator of second generation ABL adult 

emergence. However, the relationship between the flowering of this 

annual species and peak adult occurrence was also quite variable (7-16 

day forecast) during 1978 and 1979 at Amherst. 

Evaluation of potential indicators - 1980. The relationships be¬ 

tween the flowering of P_. pensylvanica, thunbergii, C^. speciosa, A. 

syriaca, and £. lobata populations and ABL phenology were observed at 

all five sites in western Massachusetts during 1980. As many individuals 

of each species as were available were included, thereby providing 

assessments of species abundance and within-species phenological varia¬ 

bility. 

The only significant topographical variable between sites was 
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elevation. According to Hopkin's "bioclimatic laws" (Hopkins 1918), 

a one-day delay in the timing of spring events accompanies every 30.5 

meter rise in elevation. Thus, in the present study little observable 

variation in ABL and plant seasonality would be predicted between the 

Amherst (55 m). South Deerfield I (46 m), and S. Deerfield II (49 m) 

sites. Delays of approximately one and four days would be anticipated 

at the Greenfield (70 m) and Conway (165 m) sites, respectively. 

Sweep samples indicated that only at Conway did the timing of 

overwintering ABL adult emergence differ from the other sites. Peak 

adult density at Conway was delayed seven days in relation to each of 

the other four sites (Figure 11). The flowering of populations of 

both JP. pensyl vanica (P_.jd. ) and thunbergii (B^.jt.) maintained a con¬ 

sistent synchrony with overwintering ABL emergences at all five sites. 

Although the progression of flowering events did not conform precisely 

to elevational differences, the flowering of both species was latest 

at the highest site, Conway. The 50 percentile bloom of F\jd. populations 

provided a 12-17 day forecast of peak adult density at the five sites, 

while the 50 percentile bloom of ELt_. populations provided a 12-15 day 

forecast. The use of the latter species, however, was limited by its 

absence at two sites and its infrequency at two others (Figure 11). 

Both P_.£. and !B.t_. populations exhibited considerable variations 

in flowering date within a site. At Amherst, where both species were 

common, the initial anthesis of F^.jd. (n=34) and B^.t^. (n=20) plants 

showed a range of 6 and 5 days, respectively. However, the flowering 

of all members of each species preceded peak ABL adult density by a 
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minimum of nine days. Thus, the consistent use of any individual of 

either species' population may prove useful in ABL forecasting. 

The early timing of first harvests at the South Deerfield I 

and II and Conway sites reduced first generation leafminer densities 

to such low levels that peak densities could not be determined (Table 5). 

Although sweep samples indicated a substantial first generation at 

Conway, eclosion trap data suggest that this was due primarily to im¬ 

migration from adjacent stands. Consequently, the efficacy of C_. 

speciosa (£.s^) and A_. syriaca (A.sO forecasts of first generation 

adult emergence were evaluated at the Amherst and Greenfield sites only. 

At both sites, the 50 percentile bloom of C^. populations preceded 

adult ABL peak occurrence by eight days. Although a seven day range 

in flowering was noted within the Amherst £.s^ population (n=17), all 

individuals bloomed a minimum of two days before the adult popula¬ 

tion peak. As C^.s_. was absent at one site and uncommon at another, 

availability may limit its use. The 50 percentile bloom of A. syriaca 

forecast peak adult density by only one day at Amherst and was four days 

late at Greenfield; the lack of synchrony in population blooming limits 

the use of A._s. as a practical indicator species. 

All members of the Amherst E_. lobata population (n=15) bloomed 

three-eight days prior to second generation peak adult density. However, 

JE.1_. was absent at the remaining four study sites. 

> Forecasting options for ABL management. As Waggoner (1974) has noted. 

the essential components of practical seasonality forecasts are accuracy 



73 

and forecast length; the requirements of each component are deter¬ 

mined by the goals of individual forecasting systems. In terms of ABL 

pest management, highly accurate seasonal forecasts are essential for 

scheduling adult sampling programs and implementing both chemical and 

cultural control strategies. Determining the precise timing of peak 

adult occurrence is essential for the optimal application of insecticides 

(Thompson 1981). Furthermore, as adult peaks precede the development 

of early instar larvae by one-three days, the adult ABL presents an 

optimal stage for economic threshold level considerations. However, 

long-term less accurate forecasts would also be of use in cultural con¬ 

trol efforts, as these would facilitate the advanced planning of machin¬ 

ery and personnel requirements required for harvest schedule modification. 

Of the four forecasting indices considered, calendar date pro¬ 

vided the longest but least accurate forecast for each ABL generation 

at Amherst during 1978-79-80 (Table 12). Although calendar forecasts 

were too variable to be of aid in scheduling IPM strategies, their long¬ 

term nature would make them useful in advanced planning of harvest 

modifications to control the fly. 

Cumulative degree-day, "ABL-day", and phytophenological indicator 

forecasts each accounted for the variability in leafminer phenology 

better than calendar date. Degree-day forecasts were sufficiently pre¬ 

cise to time sampling programs during the overwintering adult emergence 

period. However, first and second generation forecasts lacked the two- 

three day accuracy needed to estimate peak adult densities on an inter¬ 

season basis. An inter-site analysis of this technique was not conducted 
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as precise temperature data were not available at each commercial study 

site. Due to the instrumentation and computations involved in deter¬ 

mining degree-days, the adoption of this method at the grower level is 

uniikely. 

The interval between overwintering ABL adult peaks and the peaks 

of subsequent generations, termed "ABL-days", provided a long, accurate 

forecast during the first and second leafminer generations. Previous 

researchers have noted considerably greater inter-season variations 

in the intervals between adult peaks (Spencer 1974; Bremer 1976). 

Thus the low variability noted in "ABL-day" forecasts during this study 

may be an artifact of similar inter-season climatic conditions during 

the summer months. By its very nature, this index is of no value in 

forecasting overwintering adult emergences. 

Ideally, host plant phenological development provides the most 

attractive phytophenological forecasting option. Ecklund and Simpson 

(1977) noted a consistent correlation between alfalfa height and spring 

activity of the alfalfa weevil, Hypera postica (Gyllenhal). However, 

in the present study crop height at overwintering ABL adult peak density 

ranged from 35.2 to 63.8 centimeters (mean=47.5 cm; SD=10.3) at the five 

sites during the three-year study period. As harvesting schedules 

varied between sites, crop growth stage provided no basis for forecasting 

adult occurrence during subsequent generations. Since the rate of spring 

regrowth in alfalfa is influenced by fertilization practices and previous 

fall cutting dates (Smith 1978), this approach offers little potential 

in ABL forecasting. 



76 

Compared to eight other seasonality forecasting indices. White 

(1979) considered the flowering of index species to be the simplest 

and most practical method for scheduling range management activities. 

Our results agree, as the flowering dates of £. pensylvanica and 

thunbergii accounted for the seasonal variation in ABL phenology 

better than any other forecasting technique. This was true on both an 

inter-season (Table 12) and an inter-site (Table 13) basis. The pre¬ 

cision of these indicator forecasts presents the grower with a cost- 

effective means of scheduling ABL sampling programs. 

The forecasts provided by P_. jd. and £. t. in Massachusetts 

should be useful in other areas of the northeastern United States where 

the leafminer and indicator species coexist. However, geographical 

adaptations of phenological characteristics have been documented for 

both insect (Sternburg and Walbauer 1978) and plant (Vance and Kucera 

1960; Pearcy and Ward 1972) species. Thus the implementation of this 

forecasting technique in other regions should be preceded by an inves¬ 

tigation of the phenological relationships between local leafminer and 

plant indicator populations. 

Protocols for developing phytophenological forecasts. As the calendar 

timing of phenological events exhibits considerable variation between 

seasons (Lindsey and Newman 1956), it is essential to evaluate practical 

seasonality forecasts under varying sets of climatic conditions. The 

development of temperature-dependent models may be expedited by studying 

species responses under variable environmental conditions in the lab. 

In contrast, the evaluation of phytophenological forecasts is limited to 
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inter-season analyses. Thus previous researchers have either conducted 

long-term investigations, such as nine years by Tashiro and Gambrel 1 

(1963), or supplemented their data base with existing plant and insect 

phenological records (Matthewman and Harcourt 1972). The former ap¬ 

proach is too time-consuming for developing I PM programs, while the data 

base for the latter is seldom available. Jackson (1966) demonstrated 

that plant phenological research may be expedited by making observations 

in diverse microclimates for a few seasons rather than by compiling 

long-term records at one site. Indeed, such an approach was found 

useful in the present study. By integrating inter-season observations 

at one site, Amherst, with inter-site observations during one season, 

1980, seven replications were provided within a three-year period. 

The widespread adoption of such an approach should minimize the invest¬ 

ment required in evaluating IPM forecasting systems. 

Ferro et al. (1979) illustrate the potential problems of using 

standard meteorological data in studies of arthropod population dynamics. 

The efficacy of phytophenological indicator forecasts is limited by 

this same factor, as the climatic conditions experienced by indicator 

species may differ substantially from those of the insect micro-habitat. 

The alfalfa crop produces variable microclimatic modifications as it 

matures (Pinter et al. 1975); thus varying crop harvest schedules may 

influence microclimates of ABL larvae and pupae and thereby alter the 

timing of adult emergences. However, in comparing ABL adult eclosion 

profiles between an unharvested and a standard harvest schedule plot, 

only a two day delay was noted in the former treatment (Figure 5). Such 
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a variation represents the extreme under commercial operations and thus 

would have minimal impact on the use of the forecasts evaluated in this 

study. 

Intraspecific flowering variability may influence pheno- 

logical forecasts. In the present study, the wide range in flowering 

dates within many species was the primary factor preventing their use 

as indicators. Kapler (1967) utilized the date by which all members 

of indicator plant populations had bloomed as a forecasting index, in 

order to minimize flowering variations due to microclimate (Jackson 

1966) and genetic variability (McMillan 1967). The results of our study 

agree, as 100% population bloom provided the most accurate forecasts of 

ABL emergence (Table 13). As an alternative to the use of endemic 

plant populations, the development of phenological gardens (Blair et 

al. 1974) may be feasible in dense agricultural regions. This would 

virtually eliminate the problems of genetically and environmentally induced 

variations in the seasonal development of indicator plants. 

Our results and those of Straub and Huth (1976) suggest that 

the value of phytophenological forecasts declines with each successive 

generation of multivoltine insect species. Two factors may help to 

explain this observation. First, as the timing of generations of 

multivoltine insects are dependent events, variations in post-diapause 

development during the spring are reflected throughout later generations. 

In contrast, late-blooming plant species may be insensitive to this 

critical set of post-diapause climatic conditions. Secondly, while 

spring and early-summer flowering events are regulated primarily by 

temperature patterns, the flowering of late-summer and fall species may 
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be influenced more by photoperiod (Jackson 1966). This may account 

for the decreased variability in inter-season flowering date for late- 

blooming species in this study (Table 11) and the lack of reliable 

indicator plants for second and third leafminer adult population 

peaks. 
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