
Annual Repo~t 1988 

P~oject 89-S9 - T~ee and C~op Resea~ch 

P~oject Leade~: M~. P~eston L. Hartsell 
USDA, Ho~ticultural C~ops Resea~ch Labo~ato~y 

2021 South Peach Avenue 
F~esno, CA 93727 
(209) 453-3090 

P~oject Consultant: D~. William L. Stanley 
8545 Ca~mel Valley Road 
Ca~mel, CA 93923 
(408) 625-3063 

P~oject Pe~sonnel: Jane C. Tebbets, John K. Ost~om 

Objectives: (1) Dete~mine minimum lethal fumigation conditions of 
phosphine fo~ navel o~angewo~m la~vae, pupae and eggs. (2) Dete~mine 
depletion of o~ganic b~omide f~om shelled and inshell almonds t~eated with 
methyl b~omide at diffe~ent tempe~atu~es and ~ates unde~ va~ying ae~ation 
conditions in th~ee containe~ types and evaluate effectiveness of methyl 
b~omide fumigation on eggs of navel o~angewo~m (NOW) Amyelois t~ansitella 
(Walke~) and Indianmeal moth (IMM) Plodia inte~punctella (Hubne~) when 
shelled almonds in ca~tons with line~s a~e fumigated at diffe~ent 
tempe~atu~es and ~ates. 

Inte~p~etive Summa~y: 

1. Phosphine/Navel O~angewo~m Fumigation Study 

Fumigation tests we~e conducted fo~ cont~ol of NOW eggs, the most 
~esistant stage, in i~shell almonds at 60 70, 80 o~ 900 F using a constant 
dosage of 30g/1000 ft phosphine gas gene~ated f~om aluminum phosphide 
pellets. Phosphine fumigation at 600 F fo~ 8 days ~esulted in a mean egg 
mo~tality of 99.8% with an ending mean gas concent~ation of 33 ppm. 
T~eatment at 700 F fo~ 4 days ~esulted in 100% mo~tality with an end gas 
concent~ation of 62 ppm. Fumigation at 800 F fo~ 3 days o~ 900 F for 2 days 
resulted in 100% mortality of NOW eggs, with an ending gas concent~ation of 
48 ppm in each case. In our tests we have found that the length of the 
exposure period in relation to t~eatment tempe~ature are more c~itical 
elements than dosage ~ate in obtaining complete kill with phosphine gas. 
However, it is essential that the phosphine gas is held by the fumigation 
structure fo~ the length of the exposure period. Therefo~e, as a guideline 
for efficacious phosphine t~eatment of NOW in almonds, we recommend that at 
the end of the respective exposu~e times for each t~eatment tempe~atu~e, 
the phosphine concentration be no less than 50 ppm in any comme~cial 
fumigation. 
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Fumigation Minimum 
temp. of eXDosu~e 

60-69 8-9 days 

10-19 4 days 

SO-90 3 days 

90+ 2 days 

Experimental Procedu~e fo~ Objective 1: 

Recommended ending phosphine 
concentration fo~ efficacy 

50 ppm 

50 ppm 

50 ppm 

50 ppm 

Only the NOW egg stage was tested since earlier studies have shown 
this stage is the most resistant to phosphine (Table 1). A minimum of 400 
eggs were used per fumigation replication. Screen vials containing the 
eggs were placed amongst the almonds which we~e contained within the 
fumigation chambe~s. The almond load was app~oximately 53% within the 2SL 
fibe~glass chambe~. Ai~ ci~culation was used th~oughout the exposu~e and 
ae~tion pe~iods. Tempe~atu~es we~e controlled at ~ 2.0 0 F. 

To dete~mine the length of eXPosure time ~equired fo~ 100% mo~tality 
at each tempe~ature, seve~al individual fumigations were started at the 
same time. This p~ocedure allowed mo~tality to be determined every 24 
hou~s. The exposure period at each tempe~ature that provided the highest 
mo~tality was then replicated 3 times (Table 2). The phosphine 
concentrations that were obtained f~om these replications a~e shown in 
Table 3. 

As this study progressed through several approaches to ~each ou~ goal, 
the data continued to indicate that the insect response (mortality) to 
phosphine was more dependent on exposure time than on concentration. For 
instance, in some of preliminary tests the ending phosphine concentration 
were very low, 6.3 ppm after 3 days at 600 F. 1.5 ppm after 3 days at SOoF, 
and 6.4 ppm at the end of 2 days at 900 F. Yet in each test we obtained 
100% mortality of NOW eggs. The Australians, especially R. G. Winks, have 
shown that phosphine takes longer to kill at high concentrations than at 
low concentrations. This is because high concentrations can lead to 
insects becoming narcotized. D~. Winks further states that insects 
detoxify significant amounts of phosphine, therefore longer exposu~e 
periods are requred to abso~b a lethal dose. In summation, dosage is 
increased by increasing time, i.e., increase exposure time = decrease the 
end point, increase concentration = increase the end pOint (Winks, R. G., 
1986. The Significance of Response Times in the Detection and Measurement 
of Fumigant Resistance in Insects with Special Refe~ence to Phosphine. 
Pestic. Sci. 11: 165-114). 

The table in the abstract which concludes our findings and 
recommendations shows ending exposu~e time concentrations of 50 ppm. It 
should be noted that these final tests were conducted under ideal 

( conditions and therefore represent ideal concentrations. Actual commercial 
fumigation concentration readings will probably vary somewhat from this. 
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The ending concentrations are intended as guidelines when only one 
concentration reading is taken during exposure. It is more advisable to 
make concentration readings throughout the exposure period (at least every 
24 hours) to be assured of actual phosphine generation (from source) and 
containment. Fi~ure 1 is an example of concentration over time from a 
dosage of 30 g/m (pellets) on inshell almonds. Maximum concentrations 
obtained commercially will probably not be this high. 

In conclusion, the dosage schedule listed on the labels of the various 
sources of phosphine are adequate for NOW control. Exposure time as it 
relates to fumigation (commodity) temperature is the most critical variable 
in obtaining adequate control of NOW. Fumigation structures must be 
adequately sealed to contain phosphine as it generates from the source 
material and concentration readings should be made to ascertain phosphine 
is being held by the fumigation structure. 

2. Depletion of Organic Bromide Residues from Almonds (Data tables at end) 

Inshell and shelled Nonpareil almonds were fumigated and stored at 
three different temperatures with methyl bromide using both new and old 
almond fumigation schedules. Residues were compared for the length of time 
required to reach minimum detectability. Bin, carton, and bulk fumigation, 
each with different sorptive properties, were tested. 

The lowest temperature schedule treatments yielded the slowest 
desorption rates. The highest temperature schedule treatments yielded the 
fastest desorption rates. For example, shelled almonds fumigated at 500 F 
in bins using the new schedule, required approximately 28 days to reach the 
reliable minimum detectability level of 0.005 ppm organiC bromide, whereas 
approximately only 5 days were required to reach the same level when 
fumigated at 80oF. 

Treatments in bins had slower desorption rates than treatments in 
cartons which, in turn, had slower desorption rates than treatments in bulk 
when the new fumigation schedules were used. For example, shelled almonds 
fumigated at 500 F in bins required approximately 28 days to reach the 0.005 
ppm level, whereas treatments in cartons required approximately 25 days and 
treatments in bulk required approximately 20 days. 

Treatments conducted using the old fumigation schedule exhibited a 
reversal of the aformentioned pattern. Here, treatments in bins required 
the least amount of time to reach 0.005 ppm followed by treatments in bulk. 
Treatments in cartons required the most time for the residues to reach the 
0.005 ppm level. For example, shelled almonds fumigated at 500 F in cartons 
required approximately 70 days to reach 0.005 ppm, whereas treatments in 
bulk required approximately 63 days and treatments in bins required 
apprOXimately 50 days. 

This study also evaluated the effectiveness of methyl bromide 
fumigation on the eggs of NOW and IMM when shelled almonds in cartons with 
commercial 25-pound liners were fumigated with both new and old schedules. 
This liner was determined to be a low density polyethylene film with a 
thickness of 1.6 mil. Insect mortality data indicated that the old 
fumigation schedule (56 g/m3 of fumigant at 70oF) afforded no advantage 
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( Table 1. Susceptibility of NOW eggs, larvae or pupae to phosphine 

( 

fumigation when treated naked for 24 h at 70oF. 

PH3 dosage 

(ppm) 

30 

60 

120 

250 

500 

Eggs 

45.4 

48.5 

49.6 

51.1 

44.4 

NOW % mortality 

Larvae 

68.7 

70.7 

100.0 

100.0 

100.0 

Pupae 

49.3 

70.0 

88.0 

98.7 

100.0 
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( 'able 2. Mortality results of NOW eggs, 0-24 h old, treated in an inshell 

almond load (53%) with 30g/1000 ft 3 PH
3 

gas from aluminum phosphide 

pellets at 60, 70, 80 or 900 F for 8, 4, 3 or 2 days, respectively. 

Exposure 
temp. of 

60 

70 

80 

90 

Total no. of 
eggs treated 

1293 

1317 

1390 

1292 

NOW % mortality1 

No. of eggs 
hatched 

2 

o 

o 

o 

No. of eggs 
not hatched 

1291 

1317 

1390 

1292 

Percent 2 
mortality 

99.8 

100.0 

100.0 

100.0 

~:Data represent total numbers from 3 replicated fumigations. 

Percent mortality for treated eggs is corrected for natural mortality in 

untreated eggs. 

( 



Table 3. Phosphine gas concentrations during fumigations of NOW eggs. 0-24 h old. treated in an inshell almond load (53%) with 30g/1000 ft3 PH
3 

gas 

from aluminum phosphide pellets at 60. 70. 80 or 90
0
F for 8. 4. 3 or 2 days. respectively. 

Exposure 
temp. of 

60 

70 

SO 

90 

363.8 

215.9 

362.2 

13S.5 

2 h 

t 108.3 

t 70.1 

t 22.5 

t 16.9 

24 h 48 h 

716.9 t 132.3 478.7 t 

700.3 t 138.6 545.2 t 

31S.5 t 32.S 115.3 :!: 

424.0 :!: 93.7 4S.4 t 

42.9 

145.0 

3.S 

11.9 

1 PH3 concentration (ppm) 

Gas sampling times 

72h 96 h 

294.1 t 47.4 168.8 t 38.2 

282.1 t 78.7 62.2 t 33.7 

47.5 t 11.9 

1 Data represent mean and standard deviation from 3 replicated fumigations. 

u 

5 days 6 days 7 days 8 days 

101. 2 t 30.8 65.0 t 21.6 46.0 t 14.6 32.6 t 11.1 
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over the new schedule (16 g/m 3 of fumigant for 24 h at 70oF). Both dosage 
schedules resulted in 100% mortality in the NOW eggs and 99.9% in the IMM 
eggs. The old schedule, however, resulted in higher residues and a slower 
fumigant desorption rate than the new schedule. The old schedule 
treatments required approximately 40 days to reach the 0.005 ppm level, 
whereas the new schedule treatments required approximately 30 days. 

Experimental Procedure for Objective 2: 

This research was conducted from September 1987 to October 1988 at the 
United States Department of Agriculture, Agricultural Research Service, 
Horticultural Crops Research Laboratory in Fresno, California. The study 
was conducted by John Ostrom and was used to fulfill the requirements of a 
thesis project for the Master's Degree in Agriculture at California State 
University, Fresno. 

The commodity to be fumigated in this study consisted of inshell and 
shelled almonds, Prunus dulcis (Mill.) D. A. Webb, c.v. paper-shell 
'Nonpareil'. The nuts came from three separate lots sent from the Almond 
Board of California in Sacramento at three separate times throughout the 
course of this study. The first lot was received in August, 1987; the 
second in Febraury, 1988; and the third in July, 1988. Upon arrival the 
nuts were all stored under the same conditions of 500 F and 40 to 60% 
relative humidity. 

The insects to be fumigated in this study consisted of the egg stage 
of NOW and IMM. The eggs were chosen because they are the most resistant 
stage and hardest to kill. These insects were reared and their eggs 
collected at the USDA, ARS, Horticultural Crops Research Laboratory. 

Experimental Design 

This study consisted of two separate experiments (A and B). 
Experiment A was designed to compare organic bromide residue levels, 
desorption rates, and half lives for inshell and shelled almonds fumigated 
with methyl bromide using the new and old schedules at different 
temperatures, each with its corresponding scheduled dosage. The schedules 
used in Experiment A consisted of (a) rhe revised almond fumigation 
sChedu~es developed by Hartsell et ale which utilizes a fumigant dosage of 
16 glm applied for varying exposure periods dependent on fumigation 
temperature and ~b) the old fumigation schedule which utilizes a fumigant 
dosage of 56 glm applied for 24 hours (E.P.A. Reg. No. 8536-15-aa). 
Residue levels were measured for the length of time required to reach 
minimum reliable detectability of organic bromide (a ~roximately 0.005 
ppm). Three different containers, each with different sorptive qualities, 
were tested with shelled almonds. Inshell almonds were tested in only two 
container types. Experiment A consisted of 26 fumigation treatments with 
three replications per treatment, set up in such a manner that they were 
analyzed as a series of randomized complete block designs. Tables 1 and 2 
show the treatment schedules and desorption parameters for the almonds in 
Experiment A. A control replication, which received no fumigation, but 
which was stored under conditions identical to the treated replications, 
was also included in each treatment in order to assure that all residues 
recorded were due to the fumigation treatment. 
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Experiment B was designed to evaluate the effectivness of methyl 
bromide fumigation on NOW and IMM eggs when they were treated along with 
shelled almonds in closed liners within cartons using both new and old 
schedules. Organic bromide residues on the shelled almonds from these 
insect tests were determined and then correlated with insect mortality. 
Residue desorption rates and half-lives were compared as well. Experiment 
B consisted of two fumigation treatments, with three replications per 
treatment, set UP in a randomized complete block design. Table 3 shows 
treatment schedules and desorption parameters for almonds fumigated with 
insect eggs in Experiment B. A control replication, identical to that run 
in Experiment A, was also included for the same reason. 

The same nuts were used repeatedly in this study (Experiment A and 
Experiment B). However, treated nuts were not reused until their organic 
methyl bromide content was below detectable limits. 

Container Description 

Experiment A utilized three different container types; open wire 
baskets which simulated a bulk treatment, wooden bins which simulated a 
commercial bin treatment, and cardboard cartons without liners or packing 
material. The open steel wire baskets measured 27.9 cm by 27.9 cm by 22.9 
cm in order to fit into the fumigation chamber and to be easily manipulated 
in and out of the chamber. These open wire baskets were considered to 
simulate bulk treatments since at the concentrations used in fumigation 
practice, methyl bromide has no effect on most metals, and the baskets 
displaced practically no volume in the chambers. 

The wooden bins used were made from 0.95 cm (3/8 inch) thick C-DX 
grade plywood and held together with small galvinized nails. The bin 
dimensions were 27.9 cm by 27.9 cm by 22.9 cm. These bins were open at the 
top and had three slots, 22.9 cm long, 0.3 cm wide and 6.4 cm apart, cut 
into each of the four sides. The slots allowed these bins to better 
simulate a commercial bin. The bottoms of the bins were left intact. 

The cardboard cartons (Tharco) were again 27.9 cm and 27.9 cm by 22.9 
cm. These cartons were used because they were found to have intermediate 
percentage sorption levels of methyl bromide compared to two commercial 
almond cartons (Monte Cristo and Blue Diamond). The cartons were closed at 
the top and bottom with masking tape. Ta~ was placed along the entire 
junction of the top and bottom fla~ and tape was used instead of glue 
because the cartons had to be periodically opened for sampling. 

Experiment B utilized the carboard cartons and the almonds were 
enclosed in a commercial 25-pound carton liner. This liner was determined 
to be a low density polyethylene film with no additives by running a sample 
on a Fourier Transform Infrared Spectrometer (Mattson, model Polaris). The 
unknown sample determination was made by cross reference of it percentage 
transmission spectra with an infrared spectra atlas. The thickness of this 
liner was found to be 1.575 mil + 0.070 by mechanical means using a 
thickness measuring device (Ames7 model 252). 
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Fumigation Procedure 

In each fumigation treatment for Experiment A and Experiment ~, the 
almonds were tempered for 12-18 hours at the appropriate temperature and in 
the appropriate container corresponding to each treatment in the schedule. 

All fumigations were conducted in modified 29.3L fiberglass chambers. 
The chambers were equipped with air circulation fans which operated 
continuously during both the exposure period and the chamber aeration 
period. The fans distributed the fumigant evenly throughout the chamber 
atmosphere. Each chamber was equipped with a side port valve for 
introduction and withdrawal of methyl bromide. The chambers were all 
checked for performance before use in accordance with USDA, APHIS 
specifications. 

The six chambers used in this study were situated in a temperature 
controlled walk-in box. This box was equipped with an outside air exchange 
fan for safety to the operator. The fan was allowed to operate whenever 
the walk-in box was entered by the operator and during the chamber aeration 
period to better simulate a commercial aeration. Due to the use of this 
fan and to the limits of the temperature control apparatus, fumigation 
temperatures were accurate within two degrees of the prescribed setting. 
Relative humidity ranged from 40 to 60% for all treatments. Temperature 
and relative humidity were monitored on a recording hygrothermograph. The 
walk-in box also contained connections to a vacuum pump system which was 
used to remove the fumigant from the chambers. 

The estimated load factor for all treatments based on volume was 50 to 
60%. On a weight basiS, 21 lbs. of shelled almonds and 14-15 lbs. of 
inshell almonds were loaded per container. These weights represent the 
maximum amount of almonds which would fit in each type of container and 
still allow easy manipulation in and out of the chamber. 

All fumigations were conducted at normal atmospheric pressure. The 
calculated quantity of pure methyl bromide gas for each dosage at its 
corresponding temperature was drawn from a small gas cylinder (Matheson 
lecture bottle) and then injected into the chamber. Procedures used for 
manipulating gaseous methyl bromide as well as a de2ailed discussion of

5
gas 

cylinder apparatus are described by Hartsell et al. and Tebbets et al. 
Concentrations of methyl bromide within the chambers during fumigation were 
monitored by gas chromatography. 

Test Insects 

NOW and IMM eggs treated in Experiment B were placed in plastic vials 
with screens at both ends. The screened holes allowed direct passage of 
the fumigant into the vials. 

The age of the NOW eggs was 0-1 day. They were laid on filter paper 
and the paper was cut into strips. The eggs were counted under a 
dissecting microscope at 1.3x power. Each vial contained two to three 
filter paper strips such that the total number of eggs in each vial equaled 
approximately 200. The vials were half filled with NOW larval diet media. 
This allowed the maintenance of an optimal humidity level needed for 
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maximal egg hatch as well as dete~~ing la~vae f~om ea~ly hatched eggs from 
cannibalizing unhatched ones by providing an alternate food source. 

The IMM eggs were also 0-1 day of age. They were laid loosely and 
placed in a petri dish. These eggs are extremely small, but were counted 
under a dissecting microscope at 1.3x power. Approximately 350 IMM eggs 
were placed, with the use of a small brush, on a small filter paper boat 
with the sides folded so as to keep them from spilling. One filter paper 
boat was then placed in each vial which also containted larval diet media. 

One vial each of the NOW and IMM eggs was placed uP~ight in the middle 
of the shelled almonds which we~e enclosed in a line~ within a ca~ton. 
Line~s we~e closed with a single piece of masking tape app~oximately 8 cm 
in length. Cartons we~e subsequently closed with tape and then fumigated 
at the two schedules specified in Table 3. Cont~ol eggs in vials we~e all 
placed together in a ca~ton of unt~eated almonds which was placed at 700 F 
in a sepa~ate location so as to not be contaminated by methyl b~omide 
during the ae~ation p~ocess. Insect eggs we~e not tempe~ed along with the 
almonds because the p~otocol called for eggs of 0-1 day old (most 
~esistant). The eggs were added to the shelled almonds just p~ior to 
fumigation. 

Aeration and Sto~age P~ocedu~es 

After fumigation, chambe~s we~e evacuated by use of a vacuum pump. 
Ai~ was then allowed back in to satisfy the vacuum at which time the 
chamber doors were opened. The almonds we~e left in the chamber with each 
fan and the walk-in box ai~ exchange fan running fo~ the duration of the 
chamber ae~ation. Chamber ae~ation was fo~ the same length of time as the 
exposu~e period. After such time, the containers of almonds were removed 
f~om the chambe~s and placed on the floo~ of the walk-in box. The chambe~ 
fans and walk-in box air exchange fan we~e then tu~ned off. T~eatment 

samples we~e sto~ed he~e at the same tempe~atu~e at which they were 
fumigated with the exception of the 700 F t~eatments in Experiment A. These 
treatments were sto~ed outdoors in the shade under ambient conditions. 
Ambient temperature fo~ the duration of almond storage in each treatment 
was calculated by ave~aging daily high and low temperatures and then taking 
their mean over the enti~e storage period. Ambient relative humidity 
varied widely depending on climatic conditions. These treatments were 
stored in an area where wind velocity was kept at a minimum. To assure 
unifo~mity in results, the test protocol called for all ambient storage 
tests to be run during the same period when average daily (24 hour) 
temperature was approximately 700 F. This was not accomplished due to large 
climatic changes and will be reported on in the results section of this 
report. 

Conversely, treatments in Experiment B were stored at a constant 700 F 
temperature in the walk-in box. Vials containing the insects were removed 
upon completion of the chamber aeration period. They were immediately 
opened and the filter paper containing both NOW and IMM eggs removed. 
Treated and control eggs on filter paper were placed on larval diet media 
enclosed in ~tri dishes with lids. These dishes were placed in an 800 F 
incubation room at 60% relative humidity. Eggs were allowed to hatch for 5 
days before mortality rates were determined. 
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Residue Procedure 

Random almond samples, each of at least 50 g, were taken from the 
center of each container for the purpose of determining organic bromide 
residues. Samples were taken as close to the following schedule as 
possible; at the end of chamber aeration, after 12 hours aeration, and 1, 
2, 5, 7, 9, 13 days and approximately every 5 days thereafter. However, 
when organic bromide residues for each treatment averaged approximately 
0.005 ppm, analysis was discontinued. Samples were placed in the freezer 
when immediate analysis was not possible. Analysis was completed on frozen 
samples within 2 weeks. 

Organic bromide residue analysis ~as conducted using modifications of 
the procedure developed by King et al •. This procedure utilizes a ra~d 
heads pace assay which is quantified by comparison to a standard of known 
concentration using a gas chromatograph equipped with an electron capture 
detector. 

Extremes in residue levels, the initial sampling time residues and the 
final sampling time residues before the levels dropped below the reliable 
detectability limit of 0.005 ppm, with standard deviations, are reported in 
tabular form for Experiments A and 8 (Tables 4, 5, 6, 7 and 8). The first 
reading below the limit is reported as well. Linear regression was used to 
determine the rates of desorption and half lives of the organic bromide 
residues from fumigated almond treatments. Desorption rates were 
determined from the slopes of the regression lines. Half lives were 
determined by using the regression lines to calculate the period of time it 
took for the residue levels to drop in half. 80th data types are reported 
in tabular form (Tables 9, 10 and 11). In order to make the data linear, a 
log transformation was performed on the residue values. The data was 
fitted to the equation log C = mt + b, where C is the organic bromide 
residue in ppm, m is the slope, t is the time in days, and b is the 
intercept. Actual linear regres~iOns, with their corresponding . 
coefficients of determination (r ) and equations, along with all the raw 
data, are depicted in graphical form, comparing treatments in Experiment A 
by temperature and container type (Figures 1-16). Linear regressions for 
Experiment 8 are also depicted in the same manner (Figure 17). The x-axis 
denotes the time in days and the y-axis denotes the log of the residue 
values. In a few cases, residue means of just slightly lower than 0.005 
ppm are included to give a more accurate regression line. An explanation 
of this follows in the results section of this report. These figures allow 
a visual comparison of the treatments involved in this study. However, no 
regression comparison by container type was made for either ambient aerated 
inshell or shelled treatments since the temperature was not constant 
between them. 

Insect Mortality 

Mortality rates were determined 5 days after treatment. Mortality was 
based on maturation to the next stage of development (i.e., eggs to 
larvae). Mortality rates were determined as a percentage mortality. 
Abbott's formula was used to correct percentage mortality values in order 
to compensate for observed mortality in untreated controls. These data are 
presented in tabular form for NOW and IMM as the mean of percentage 
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mortality with standard deviation for each treatment (Tables 12 and 13). 
Analysis of variance was performed on the data and means were separated 
using Duncan's multiple range test at the 0.05 level. 

Results of Objective 2: 

Residues 

The reliable detectability limit of organic bromide was found to be 
approximately 0.005 ppm. Although the gas chromatograph could easily 
determine the residue levels at the 0.001 ppm level, in most cases, 
background from extracted almond samples ~ecluded any work below 0.005 
ppm. At levels just below 0.005 ppm, a characteristic plateau was observed 
in the residues from most samples. 

Background irregularities caused the reliable limit to be established 
at approximately 0.005 ppm. In a few instances, residue means slightly 
lower than 0.005 ppm were included to give a more accurate regression line. 
This was done only in the cases where the characteristic background was at 
a lower level and a clearly dicernible resolved peak was obtained from the 
ac, and where the previous sampling residue was well above 0.005 ppm. 

The figures are comparisions of organic bromide residue desorption by 
use of linear regression. Actual residue ~ta along with regression lines, 
equations, coefficients of determination (r ), and storage temperatures or 
container types are shown in each figure. The x-axis depicts time in days 
and the y-axis depicts the log of the organic bromide residue. Thus, a 
value of zero on the y-axis denotes a residue of 1 ppm organic bromide and 
a value of -2.30 denotes 0.005 ppm. Therefore, all regression lines end at 
-2.30. 

Figures 1, 2, and 3 represent comparisons of the residue data on the 
basis of fumigation and storage temperture for shelled almonds fumigated in 
eac~ of the three container types with methyl bromide at a dosage of 16 
glm (new schedules). All three figures indicate that the highest 
fumigation and storage temperature treatments (800 F) resulted in the 
shortest time required to reach the minimal detectability limit of 0.005 
ppm for a given container type. These figures also indicate that the 
lowest fumigation and storage temperature treatments (500 F) resulted in the 
longest time required to reach the 0.005 ppm limit. In each case, the 
treatments fumigated and stored at 500 F had higher average initial residues 
than the 800 F treatments (Table 4). 

The regression line for ambient stora§e treatments in bulk (Figure 1) 
is practically identical to that of the 80 F treatments indicating that 
approximately the same amount of time was required to reach to the 0.005 
ppm level. Both lines have high coefficients of determination. Ambient 
storage treatments in bins (Figure 2) demonstrate that an intermediate 
amount of time, somewhere between the 500 F and 800 F storage treatments, was 
required to reach 0.005 ppm. This regression line is distinctly separate 
from the other two lines. Ambient storage treatments in cartons (Figure 3) 
demonstrate only a slight increase of a few days from the BOoF treatments 
in the time require to reach 0.005 ppm. These two regression lines are 
similar, but the ambient storage line has a low coefficient of 
determination (81.1$). 
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The ambient storage temperature data are variable because these tests 
were not all run at the same time or when the avereage (2~ h) temperature 
was 700 F as specified in the protocol. To follow the protocol exactly was 
physically impossible due to the volume of treatments involved and to rapid 
changes in climatic conditions. These data are reported, however, so that 
a common industry practice can be examined. 

Standard deviations reported in parentheses following each of these 
ambient storage temperatures do not adequately reflect the range of 
temperatures to which almonds were exposed. Reported deviations only 
indicate the range in means of daily high and low temperatures used to 
calculate mean ambient storage temperature over the entire storage 
duration. These deviations do not directly take into account the actual 
extremes in temperatures. This must be considered when comparing ambient 
storage treatments to treatments at a constant storage temperature (500 F 
and 800 F). Comparisons cannot be made at all between ambient storage 
treatments in different container types since they were not all run at the 
same time under identical conditions. 

Figures ~ and 5 represent comparisons of the residue data on the basis 
of container type for shelled almonds fumigated with methyl bromide at a 
dosage of 16 g/m j (new schedule) at 500 F and 800 F and stored at these same 
two temperatures. Both of these figures show three widely separated 
regression lines, one for each container type. However, these two figures 
indicate very different residue desorption phenomena. 

Figure ~ clearly indicates that bulk treatments stored at 500 F 
required the fewest days to reach the 0.005 ppm residue level. Bin 
treatments required the most days to reach minimal limit, whereas carton 
treatments required a number of days between that of the other two 
treatments. Carton and bulk treatments had very similar average initial 
residues, whereas bin treatments had average initial residues of less than 
half those of the other two treatments. Even though bin treatments started 
with residue levels far less than carton and bulk treatments, they had the 
slowest desorption rates. Carton treatments provided the next slowest 
desorption rate followed by bulk treatments. Bulk treatments did not 
provide any material that could act as a barrier to the off-gasing fumigant 
and subsequently allowed the fastest desorption. 

Figure 5 clearly demonstrates a totally different desorption 
phenomenon from that in Figure~. These treatments were all fumigated and 
stored at 800 F. Bin treatments required the fewest number of days 
necessary to reach the 0.005 ppm level. Bulk treatments required the next 
fewest numbers of days, whereas carton treatments required the most number 
of days to reach the detectability limit. These treatments were all 
fumigated and stored at 800 F. Again, bin treatments, due to the sorptive 
quality of the wood, had the lowest average initial residue (Table ~). 
Carton and bulk treatments had similar average initial residue levels, with 
cartons slightly higher (Table 4). Both were approximatel~ three times 
higher than the levels in the bin treatments. Thus, at 80 F fumigation and 
storage, it seems that the amount of initial residue was the determining 
factor in the time required for residues to reach the minial level. 
Conversely, at 500 F fumigation and storage, the amount of initial residue 
was secondary to the barrier ability of the container type as the factor 
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in determining the time required to reach the minimal level. Both factors 
are dependent on container type. The difference is that the container type 
determined the time needed to reach the 0.005 ppm limit in the 500 F 
fumigation and storge by its ability to let the fumigant off the commodity, 
but in the BOoF fumigation and storage by its ability to let the fumigant 
into the commodity. 

Table 4 reports extremes in organic bromide residues from new schedule 
shelled almond treatments in Experiment A. These are the same treatments 
that are graPhically depicted in Figures 1, 2, 3, 4 and 5. Whereas the 
figures give a good visual representation of the data along with the 
regression lines, the table gives a numerical representation. This is 
useful when looking for the actual range in days that it took for a certain 
treatment to reach the minimal residue limit and for determining initial 
average residues. 

Figures 6 and 7 represent comparisons of the residue data on the basis 
of fumigation and storage temperature for inshell almonds §umigated in 
baskets and bins with methyl bromide at a dosage of 24 glm (new 
schedules). Both figures indicate that treatments with the highest 
fumigation and storage temperature (BOoF) resulted in the shortest time 
required to reach the 0.005 ppm limit. This is similar to the data in 
Figures 1, 2 and 3. However, bulk treatments with the lowest fumigation 
and storage temperature (50oF) in Figure 6 did not yield the longest time 
required to reach the minimal limit as expected. Here we see that ambient 
storage treatments took a few days longer to reach the 0.005 ppm level than 
the 500 F fumigation and storage treatments. This variation may be due to 
the fact that the huge variability in ambient temperature somehow affected 
desorption of the fumigant. 

Figure 7 shows that treatments with the lowest fumigation and storage 
temperature (50oF) resulted in the longest time required to reach the 0.005 
ppm level. The highest fumigation and storage temperature treatments 
(BOoF) required the least time to reach the minimal detectability limit. 
Ambient storage treatments required an amount of time between the 500 F and 
BOoF treatments. 

Figures Band 9 represent comparisons of the residue data on the basis 
of container tYP3 for inshell almonds fumigated with methyl bromide at a 
dosage of 24 glm (new schedules) at 500 F amd BOoF and stored at these same 
two temperatures. 

Figure 8 shows the two treatments at 500 F fumigation and storage to be 
very similar. Both lines have fairly high coefficients of determination. 
Bin treatments started at a lower average initial residue level than bulk 
treatments (Table 5) and again resulted in a slightly longer requirement of 
time to reach the minimum detectability limit. However, this was not 
nearly as convincing as in the case of shelled almonds under the same 
circumstances (Figure 4). The two regression lines in Figure 8 do not 
appear to be significantly different. Thus, a statement cannot be made as 
to the effect of container type under these conditions. 

( Figure 9 indicates quite a substantial difference in desorption 
phenomena of bulk and bin treatments at BOoF fumigation and storage. 
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Unlike the data in Figure 5. bin treatments started with a higher average 
initial residue (Table 5) which seems odd in itself taking into account the 
sorptive quality of wooden bins. This higher initial residue is not 
reflected in the regression line. due to its somewhat low coefficient of 
determination (85.0%). and is most likely due to sampling variation. Thus. 
it appears here that bin treatments required a longer time to reach the 
0.005 ppm limit because they started with higher residues and the desorbing 
fumigant had to contend with the barrier presented by the wooden bins. 

Table 5 reports extremes in organic bromide residues from new schedule 
inshell almond treatments in Experiment A. These are the same treatments 
that are gra~ically depicted in Figures 6. 7. 8. and 9. 

Figures 10. 11 and 12 represent comparisons of organic bromide 
residues on the basis of fumigation and storage temperatures for shelled 
almonds fUmigate~ in baskets. bins and cartons with methyl bromide at a 
dosage of 56 glm for 24 h (old schedule). All three figures demonstrate 
that the highest fumigation and storage temperature treatments (800 F or 700 

fumigation with ambient storage) resulted in the shortest time required to 
reach the 0.005 ppm level for a given container t~pe. The lowest 
fumigation and storage temperature treatments (50 F) resulted in the 
longest time required to reach the 0.005 ppm level. This pattern is 
similar to the new schedule fumigation treatments except for the fact that 
the old schedule treatments required many more days in general to reach the 
detectability limit. 

Figure 13 represents a comparison of organic bromide residues on the 
baSis of container type for shelled almonds fumig~ted in baskets. bins and 
cartons with methyl bromide at a dosage of 56 glm for 24 h (old schedule) 
at 500 F. This figure indicates that the least amount of time required to 
reach the 0.005 ppm level occurred in treatments in bins and the greatest 
amount of time occurred in treatments in cartons. Treatments in baskets 
required an intermediate amount of time. This pattern contradicted the 
pattern seen for shelled almonds at 500 F using the new schedule dosages 
(Figure 4) where bin treatments were found to require the most time and 
bulk treatments the least. This very well could be a reflection in the 
large difference in dosage. i.e •• the actual physical movement of large or 
small quantities of gas molecules in and out of the nuts. with or without 
any containment. 

Table 6 depicts the data in Figures 10. 11. 12. and 13 numerically. 
These data again indicate a quicker depletion of organic bromide in the 
highest fumigation and storage temperature treatments (700 F fumigation and 
ambient storage or 800 F fumigation and storage in the case of the carton 
treatments). The 500 F treatments not only required more time to reach the 
0.005 ppm level but also had the largest initial residues. 

On a container type comparison basiS. only the 500 F treatments can be 
examined since the ambient storage temperatures were not uniform. These 
treatments in all three container types had very similar initial residue 
levels. However. bin treatments reached the 0.005 ppm level well before 
either of the other two treatments. This is somewhat puzzling since the 
opposite was noted for the same treatments using the new fumigation 
schedules (Figure 4 and Table 4). One would expect the bins treatments to 
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require more time to reach 0.005 ppm than the bulk treatments since the 
initial residues for both treatments were very similar (Table 6). Logically 
the bin should provide a barrier to the off-gasing fumigant. However, the 
data collected are contrary to this logic. This irregularity may in fact 
reflect more accurately the desorption phenomena at higher fumigant 
dosages, but is more likely a variation encountered in any fumigation and 
residue procedure. Contamination of samples is also possible when working 
at these extremely low residue levels and may also explain some of the 
observed variation. 

Figures 14 and 15 represent comparisons of organic bromide residues on 
the basis of fumigation and storage temperature for inshell almonds 
fumigated in baskets and bins with methyl bromide at a dosage of 56 g/m3 

for 24 h (old schedule). Figure 14 again demonstrates that for treatments 
in bulk, the higher fumigation and storage temperature treatments (70oF 
fumigation and ambient storage) required fewer days to reach 0.005 ppm 
organic bromide than did the lower temperature treatments (50oF fumigation 
and storage). 

Conversely, Figure 15 demonstrates a longer time requirement for the 
higher fumigation and ambient storage temperature treatments in bins (70oF 
fumigation and ambient storage) to reach the 0.005 ppm level than for the 
lower treatments (50oF fumigation and storage). This is contrary to what 
was observed in every other case. However, note the poor coefficient of 
determination for the ambient storage regression line (78.9%). 

Figure 16 represents a comparison of organic bromide residues on the 
basis of container type for inshell almon~s fumigated in baskets and bins 
with methyl bromide at a dosage of 56 g/m for 24 h (old schedule) at 
50oF. This figure indicates that bin treatments required less time than 
bulk treatments to reach 0.005 ppm. 

Table 7 depicts the data in Figures 14, 15 and 16 numerically. The 
data show the contradiction in residue desorption on a fumigation and 
storage temperature basis between bulk and bin treatments. The difference 
in the times required to reach 0.005 ppm are not very large and might be 
due to natural variation or possible contamination in the nut samples. 

On a container type comparison basis, bulk and bin treatments at 500 F 
fumigation and storage were very similar in the time required to reach 
0.005 ppm. Bin treatments required slightly fewer days. 

Figure 17 represents a comparison of the residue data for shelled 
almonds fumigated at two dosages of methyl bromide at 700 F in cartons with 
liners

3
in Experiment B. The regression line depicting the treatments using 

56 g/m for a 24 h period does not fit the data too well. This line has a 
poor coefficient of determination (80.9%). It seems as if the log 
transformation failed to make these data linear. The two treatments appear 
more similar than they really are due to the poor fit of this one 
regreSSion line. Table 8 demontrates th3se same data numerically. It 1s 
evident from Table 8 that the the 56 g/m treatments had extremely higher 
average initial residues and that they required a substantially longer 
periods of time to reach the 0.005 ppm level. 
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It is difficult and confusing to d~aw conclusions f~om all these . 
~esidue data, since they we~e examined both on the basis of fumigation and 
sto~age tempe~ature and containe~ type. It appea~s that on a constant 
container type basis, the 500 F schedule treatments required the most time 
to ~each the 0.005 ppm level compa~ed to the 800 F schedule treatments. 
This was t~ue for both inshell and shelled almonds using the new and old 
fumigation schedule dosages. 

On a constant sto~age tempe~atu~e basis fo~ both i~shell and ~helled 
almonds fumigated with the new schedule dosages (16 glm o~ 24 glm ), bin 
t~eatments ~equired the most time to reach the 0.005 ppm level fo~ the 500 F 
schedules. Bulk treatments requi~ed the least time to ~each the same level 
and ca~ton treatments ~equi~ed an inte~mediate value. This patte~n held 
for the 800 F schedules for inshell almonds. Howeve~, a reve~sal of this 
patte~n occurred in the 800 F schedule fo~ shelled almonds. He~e bin 
treatments required the least time to ~each the 0.005 ppm level and carton 
treatments required the most time. 

Th~S trend was reversed for almonds fumigated with the old schedule 
(56 glm for 24 h). He~e the bin treatments required the least amount of 
time to reach 0.005 ppm followed by the bulk treatments. The carton 
treatments, when conducted, required the greatest amount of time to reach 
0.005 ppm. 

Tables 9 and 10 report organic bromide desorption rates and the 
half lives for inshell and shelled almonds in Experiment A. Table 11 
reports these same values for shelled almonds fumigated in line~s within 
cartons in Experiment B. These two descriptors were both calculated using 
the equations for regression lines in Fi~ure 1 through 11. Desorption 
rates a~e simply the slopes of each regression line. They are reported as 
log ppmlday and are negative values, evidence of the fact that residues 
decreased over time. The more negative the value, the faster the 
desorption rate. Half lives were calculated from regression equations 
using an arbitrary time frame. Half life is defined as the time necessary 
for a residue to drop in half. Since this value was calculated from the 
regression line and reflects the desorption rate, the time frame used to 
measure this decrease had no bearing on the half life. 

Table 9 indicates that both inshell and shelled almonds fumigated with 
the new schedules had the fastest desorption rates in treatments with the 
highest fumigation and storage temperature (800 F). This comparison assumes 
a constant container type. Likewise, both almond types had the slowest 
desorption rate in treatments with the lowest fumigation and storage 
temperature (500 F) in every case except one. This irregularity surfaced in 
the treatments with inshell almonds fumigated at 100 F in baskets and sto~ed 
at ambient temperatures. These t~eatments yielded desorption rates slower 
than the co~responding treatments fumigated and sto~ed at 500 F. These same 
ambient sto~age treatments presented an anomaly in Figure 6. This 
ir~egularity can most likely be attributed to extremes in temperatu~es (per 
24 h), thus causing higher residues and a longer time requi~ement to reach 
the 0.005 ppm level responsible for determining a regression line with less 
slope. 
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Table 9 shows that half life values for the comparisons mentioned 
above made on the basis of fumigation and storage temperature, reflect the 
same pattern as the desorption rate data. Treatments at a lower fumigation 
and storage temperture (500 F) required more days than the higher 
temperature treatments (800 F) for their residue levels to drop in half. 
Again, variation existed in half life data for the same treatments that 
were previously mentioned and explained. 

When a comparison of desorption rates and half lives is made on the 
basis of container type for inshell almond treatments, it is clear to see 
that, at a constant fumigation and storage temperature, 500 F or 800 F, the 
desorption rate is faster and the half life shorter in bulk treatments than 
in bin treatments. Carton treatments resulted in values between the other 
two treatments. 

However, the 800 F fumigation and storage treatments for shelled 
almonds did not follow this pattern. Here we see that bin treatments had 
the fastest desorption rate and the shortest half life. Carton treatments 
had the slowest desorption rate and the longest half life. Bulk treatments 
showed intermediate values between the other two treatments. This 
variation in desorption rate and half life patterns of bin treatments is 
most likely due to the fact that the compartively low initial residues and 
the short time required to reach the 0.005 ppm level recorded for this 
treatment (Table 4) resulted in a regression line of greater slope. This 
regression line also has a fairly low coefficient of determination of 89.5% 
(Figure 5). 

Table 10 shows basically the same pattern in desorption rates and 
half lives for almonds fumigated with the old schedules as for the new 
schedule treatments (Table 9). In most instances, treatments at the higher 
fumigation and storage temperature had corresponding faster desorption 
rates and shorter half lives. However, a few exceptions exist. The 
inshell bin treatment at 700 F fumigation and ambient storage had a slower 
desorption rate and longer half life than the same treatment at 500 F 
fumigation and storage. The shelled bin treatments at both temperatures 
also show a reversal of the pattern, but these values are very similar. 
Since these values were computed using the regression lines from the 
aforementioned figures, the possible causes for these variations have been 
explained in the discussion of the figures. 

When a comparison of desorption rates and half lives is made on the 
basis of container type for inshell almonds at 500 F fumigation and storage, 
the data show that bin treatments had the fastest desorption rates and 
shortest half lives, whereas carton treatments had the slowest desorption 
rates and longest half lives. Bulk treatments had intermediate values 
between the other two treatments. 

Table 11 compares desorption rates and half lives for treatments 
fumigated at two dosages in Experiment B. Table 11 shows that the 
desorption rate is faster and the half life shorter in treatments with a 
lower dosage of fumigant applied for a shorter time (new schedule) than 
treatments with a higher dosage for a longer time (old schedule). This 
seems logical, but a greater difference in the two treatments was expected. 
However, since these data were calculated using the regression lines in 
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Figure 17, desorption rates and half life values for 56 g/m3 dosage 
treatments (old schedule) are suspect due to the poor coefficient of 
determination of this regression line 80.9%. 

These residue values, desorption rates, and half lives are only useful 
as a guideline for fumigation procedures. These results are not meant to 
be used as an absolute predictive tool. The data are only applicable to 
similar conditions maintained in this study. In order to use residue data 
in a more accurate manner, it is necessary to establish mathematical models 
to which the data fit under repeatable conditions. Sell et al. were able 
to derive a mathematical model of the desorption of methyl bromide from 
cherries (4). Their model gave good estimates of residue concentrations 
over a wide range of load factors, pulp temperatures, and aeration periods, 
and was used to predict the length of time of aeration period required to 
reduce the residue to a proposed tolerance of 0.1 ppm. It has not been 
determined at this time whether or not the data reported in this report 
could be made to fit such a model. 

Variation between almonds can also account for some of the observed 
variation in the residue data. The amount of damage and disease certainly 
affects residue levels. Almonds also vary in oil and moisture content even 
when stored and treated under identical conditions. In the case of inshell 
almonds, shell breakage and the presence of hulls affect fumigation and 
residue phenomena. Where containment is used, type, age (bins), moisture 
content, painted surface or not, even the type and condition of pallets 
used for transport, may effect consequential residue levels. Fumigation 
as reflected by subsequent residue analysis is an inexact discipline, but 
the sources of variation have to be dealt with as best as possible in order 
to allow some understanding of these procedures. 

Insect Mortality 

Tables 12 and 13 report mortality data for the eggs of NOW and IMM. 
It is evident in both tables that the two treatments were equally effective 
in killing the eggs under these circumstances. 

The treatments using a lower dosage of fumigant for a shorter exposure 
period (new schedule) proved to be efficacious in control of both insects. 
Thus, no advantage was gained by using a higher dosage of methyl bromide 
for a longer exposure period (old schedule) under the conditions employed 
in this study. In fact, the higher dosage proved to be a disadvantage when 
residue data are taken into account. These treatments resulted in a slower 
desorption rate and longer half life of fumigant residues compared to the 
lower dosage treatments (Table 11). This higher dosage also resulted in a 
longer time to reach the 0.005 ppm residue level (Table 8). It must be 
noted that these comparisons are only valid for the type of commercial 
liner used in this study. This low density polyethylene liner obviously 
allowed adequate penetration of the fumigant needed to kill the insect eggs 
in the lower dosage (new schedule) treatments. However, no correlation can 
be made for the use of a different liner type. 
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Conclusions 

This study demonstrated that the fumigation schedules and container 
tyoes used in the treatment of these almonds significantly affected both 
fumigation and residue desorotion ohenomena. Almonds which were fumigated 
at the lowest temoerature using both new and old fumigation schedules 
resulted in the longest requirement of time necessary for organic bromide 
residues to reach the minimum detectability limit of 0.005 oom. 
Conversely, the highest temoerature treatments using both fumigation 
schedules resulted in the shortest requirement of time necessay for 
residues to reach the 0.005 oom level. 

In most instances, treatments conducted in wooden bins using the new 
fumigation schedules required the greatest amount of time to reach the 
0.005 oom level. Conversely, most of these same treatments in bulk (ooen 
wire baskets) required the least amount of time to reach the 0.005 oom 
level. Treatments conducted in carboard cartons yielded intermediate 
values between treatments in the other two container tyoes. 

Treatments conducted using the old fumigation schedules exhibited a 
reversal of the aforementioned oattern. Here, treatments in wooden bins 
required the least amount of time to reach 0.005 oom followed by treatments 
in bulk. Treatments in cartons required the most time for the residues to 
reach the 0.005 oom level. 

Treatments in liners with the lower dosage for a shorter exoosure time 
(new schedule) oroved to be efficacious in the control of NOW and IMM eggs. 
Both dosage schedules resulted in an equal mortality of the eggs. The 
lower dosage (new schedule) oroved more advantageous because of its 
resultant lower residues and faster desorotion rate. 
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Table 1 

Treatment schedules and desorption parameters for 'Nonpareil' almonds fumigated using 

schedules. 

Product Container Fumigation Dosage 

description type temp.(oF) (g/m3) 

Inshell Open basketZ 50 24 
Inshell Open basket 10 24 
Inshell Open basket 80 24 

Inshell Wooden binY 50 24 
Inshell Wooden bin 10 24 
Inshell Wooden bin 80 24 

Shelled Open basket 50 16 
Shelled Open basket 10 16 
Shelled Open basket 80 16 

Shelled Wooden bin 50 16 
Shelled Wooden bin 70 16 
Shelled Wooden bin 80 16 

Shelled Carton x 50 16 
Shelled Carton 10 16 
Shelled Carton 80 16 

z Open baskets simulated commercial bulk treatment. 

YSmall wooden bins simulated cqmmercial bin treatments. 

x Cardboard cartons without liners or packing material. 

Exposure Chamber 

time (h) aeration (h) 

12 12 
6 6 
4 4 

12 12 
6 6 
4 4 

12 12 
6 6 
4 4 

12 12 
6 6 
4 4 

12 12 
6 6 
4 4 

the new 

Storage 

temp. (oF) 

50 
Ambient 

80 

50 
Ambient 

80 
N 
(,;.) 

50 
Ambient 

80 

50 
Ambient 

80 

50 
Ambient 

80 



Table 2 

Treatment schedules and desorption parameters for 'Nonpareil' almonds fumigated using the old 

schedule. 

Product Container Fumigation Dosage Exposure Chamber Storage 

description type temp. (oF) (g/m3) time (h) aeration (h) temp. (oF) 

Inshell Open basketZ 50 56 24 24 50 
Inshell Open basket 70 56 24 24 Ambient 

Inshell Wooden binY 50 56 24 24 50 
Inshell Wooden bin 70 56 24 24 Ambient 

N 
Shelled Open basket 50 56 24 24 50 ~ 

Shelled Open basket 70 56 24 24 Ambient 

Shelled Wooden bin 50 56 24 24 50 
Shelled Wooden bin 70 56 24 24 Ambient 

Shelled Carton x 50 56 24 24 50 
Shelled Carton 70 56 24 24 Ambient 
Shelled Carton 80 56 24 24 80 

Z Open baskets simulated commercial bulk treatments. 

YSmall wooden bins simulated commercial bin treatments. 

xCardboard cartons without liners or packing material. 



Table 3 

T~eatment schedules and deso~ption pa~amete~s fo~ INonpa~el1' almonds fumigated using both new and 

old schedules along with eggs of navel o~angewo~m (NOW). Ameylois t~ansitella (Walke~) and 

Indianmeal moth (IMM). Plodia inte~punctella (Hubne~). 

P~oduct Containe~ Fumigation Dosage Exposu~e Chambe~ Sto~age 

desc~iption type temp. (oF) (g/m3) time (h) ae~ation (h) temp.(oF) 

Shelled Ca~tonZ 70 - 16 6 6 70 

Shelled Carton 70 56 211 24 70 

Z 
Ca~dboard cartons with commercial line~s. 

t-l 
VI 



Extremes in organ3c bromide residues in shelled almonds fumigated with methyl bromide using the new 
schedules (16 glm dosage). 

Post-fumigation Organic 

Container Fumigation Exposure Storage sample time bromideYx 

type temp.z (oF) time (h) temp.z (oF) (days) (ppm) 

Basket 50 12 50 0. 5 22.784 + 1.253 
20 0.006 -:; 0.007 
23 <0.005 

70 6 w 0.25 5.470 + 1.700 71.2.:!:. 1.3 
7 0.032 + 0.026 

10 <0.005 
80 4 80 0.167 8.412 + 1.594 

9 0.007 -:; 0.0014 
12 <0.005 

Bin 50 12 50 0.5 10.569 + 0.8514 
23 0.029 -:; 0.009 
28 <0.005 

70 6 72.9 + 2.Sw 0.25 4.915 + 0.606 
18 0.015 -:; 0.005 
23 <0.005 

80 4 80 0.167 3.984 + 0.971 
2 0.056 + 0.0314 
5 <0.005 

Carton v 50 12 50 0.05 25.908 + 5.518 
23 0.016 -:; 0.018 
28 <0.005 

70 6 79.3 .:!:. 5.8w 0.25 17.233 + 3.887 
19 0.011 + 0.003 
23 <0.005 

80 80 0.161 11 .354 + 1.397 
13 0.021 -:; 0.009 
18 <0.005 

zAll fumigation temperatures and the 50°F and 80°F storage temperatures were + 2°F. 
~All control samples had <0.005 ppm organic bromide. 
Values denote means of three replications + standard deviations. w - standard deviation. vValue denotes mean ambient temperature for duration of storage ~ 

N 
0-
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Extremes in organic bromide residues in inshell almonds fumigated with methyl bromide using the new 

schedules (24 g/m3 dosage). 

Container 

type 

Basket 

Bin 

Fumigation 

Z 0 temp. (F) 

50 

70 

80 

50 

70 

80 

Exposure 

time (h) 

12 

6 

4 

12 

6 

4 

Storage 

temp.z (oF) 

50 

80 

50 

72.8 .:!:. 2.8w 

80 

Post-fumigation 

sample time 

(days) 

0.5 
23 
28 

0.25 
28 
33 

0.167 
2 
5 

0.5 
23 
28 

0.25 
.13 
18 

0.167 
7 
9 

ZAll fumigation temperatures and the 500 F and 800 F storage temperatures were + 2oF. 

YAII control samples had <0.005 ppm organic bromide. 

xValues denote means of three replications.:!:. standard deviation. 

wValue denotes mean ambient temperature for duration of storage.:!:. standard deviation. 

Organic 

bromideYx 

(ppm) 

17 • 91 8 + o. 504 
0.014 -:; 0.009 

<0.005 

3.382 + 0.537 
0.013 -:; 0.005 

<0.005 -

5.433 + 1.174 
0.118 -:; 0.022 

<0.005 

12.434 + 0.632 
0.031 .. 0.035 

<0.005 -

5.185 + 1.358 
0.006 -:; 0.003 

<0.005 -

9.585 + 0.270 
0.023 -:; 0.021 

<0.005 -



Table 6 
28 

Extremes in organic bromide residues i~ shelled almonds fumigated with methyl 
bromide using the old schedule (56 glm dosage). 

( .:mtainer 
type 

Fumigation 
temp.z(oF) 

Exposure 
time (h) 

Storage 
temp.z(oF) 

Post-fumigation 
sample-time 

(days) 

( 

Basket 50 24 

70 24 

Bin 50 24 

70 24 

CartonV 50 24 

70 24 

80 24 

50 

81.8 + 5.8w 

50 

w 82.4 + 5.5 

50 

w 80.3 .!. 4.1 

80 

1 

58 

63 

37 

42 

1 

40 

50 

1 

45 

47 

1 

66 

70 

29 

31 

16 

19 

ZAll fumigation temperatures and 50°F and 80°F storage temperatures 
~All control samples had <0.005 ppm organic bromide. 

Values denote means of three replications + standard deviations. 
w ' -

(
Value denotes mean mean ambient temperature for duration of storage 
deviation. 

vCarton without liner. 

Organic 
bromideYx 

(ppm) 

52.538.!. 4.162 

0.011 .!. 0.013 

<0.005 

25.250.!. 4.782 

0.005 + 0.000 

<0.005 

49.554 .!. 2.268 

0.034 .!. 0.020 

<0.005 

29.934 .!. 5.934 

0.006 + 0.002 

<0.005 

50.803 .!. 5.687 

0.011 + 0.004 

<0.005 

24.491 .!. 2.221 

0.005 .!. 0.001 

<0.005 

7.575.!. 0.476 

0.011 + 0.010 

<0.005 

° were + 2 F. 

+ standard 



29 

Table 7 

c=F.xtremes in organic bromide residues in inshell almonds fumigated with methyl 

bromide using the old schedule (56 g/m3 dosage). 

( 

Container 
type 

Basket 

Bin 

Fumigation 
temp.z(oF) 

50 

70 

50 

70 

Exposure 
. time (h) 

24 

24 

24 

24 

Storage 
temp.z(oF) 

50 

50 

Post-fumigation 
sample-time 

(days) 

32 

36 

28 

33 

1 

23 

28 

36 

39 

Organic 
bromideYx 

(ppm) 

19.852.!. 4.423 

0.006 + 0.004 

<0.005 

55.102 .!. 1.357 

0.012 + 0.002 

<0.005 

21.576.!. 1.715 

0.030 .!. 0.016 

<0.005 

37.307 .!. 4.423 

0.005 .!. 0.003 

<0.005 

ZAII fumigation temperatures and 500 F and 800 F storge temperatures were + 2oF. 

YAII control samples had <0.005 ppm organic bromide. 

xValues denote means of three replications.!. standard deviations. 

wValues denote mean ambient temperature for duration of storage ~ standard 

deviation. 



( 

( 

30 

Table 8 

Extremes in organic bromide residues in shelled almonds fumigated with 

methyl bromide using new and old schedules at 700 F in cartons with 

commercial liners and stored at 70oF. 

Post-fumigation 

Dosage Exposure sample time 

Organic 

bromideYx 

z 

time (h) 

16 6 

56 24 

(days) 

0.26 
29 
33 

1 
39 
45 

(ppm) 

9.639 + 1.326 
0.007 -:; 0.003 

<0.005 -

19.822 + 5.056 
0.007 -:; 0.003 

<0.005 -

These treatments included navel orangeworm and Indianmeal moth eggs in 

plastic vials buried in the shelled almonds. 

YAll control samples had <0.005 ppm organic bromide residue 

x Values denote means of three replication ~ standard deviation. 
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Table 9 

Organic bromide desorption rates and half-lives for inshell and shelled 

almonds fumigated using the new schedules. 

Product 

desc['iption 

Inshell 

Shelled 

Container Fumigation 

type 

Basket 

Bin 

Basket 

Bin 

CartonV 

50 
70 
BO 

50 
70 
BO 

50 
70 
Bo 

50 
70 
BO 

50 
70 
BO 

Sto['age 

50 
74.1 + 7.3w 

BO 

50 
72.B + 2.Bw 

Bo 

50 
71.2 + 1.3w 

BO 

50 
72.9 + 2.Bw 

BO 

50 
79.3 + 5.Bw 

BO 

Desorption 

rateY 

-0.141 
-0.099 
-0.650 

-0.12B 
-0.1BB 
-0.392 

-0.195 
-0.322 
-0.362 

-0.113 
-0.130 
-0.603 

-0.152 
-0.176 
-0.230 

Half-lifex 

(days) 

2.135 
3.02B 
0.463 

2.352 
1 .601 
0.76B 

1.544 
0.935 
0.B32 

2.664 
2.316 
0.499 

1.9BO 
1 .710 
1.309 

ZAll fumigation tempe['atu['es and 500 F and BOoF sto['age tempe['atu['es we['e + 

YValues ['ep['esent slope te['ms f['om the linea[' reg['ession equations. 

x Values we['e computed using linear ['egression equations. Values ['epresent 

time ['equired foro o['ganic b['omide ['esidues to droop in half. 

w 
Value denotes mean ambient tempe['ature foro duration of stoage + standa['d 

deviation. 

VCa['ton without line['. 
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Table 10 

_Janie bromide desorption rates and half-lives for inshell and shelled almonds fumigated 

using the old schedule (56gim3 for 24 h). 

Desorption 
Half-l1fex Product Container Fumigation Storage rateY 

description type temp.z(oF) temp.z(oF) (log ppm/day) (days) 

Inshell Basket 50 50 . ~o. 126 2.389 

70 81.7 .:!:. 7.4w -0.142 2.120 

Bin 50 50 -0.137 2.197 

70 79.5.:!:. 7.8 w -0.107 2.813 

Shelled Basket 50 50 -0.066 4.596 

70 81.8 + 5.8w -0.087 3.456 

Bin 50 50 -0.088 3.436 

70 82.4 + 5.5w -0.081 3.698 

CartonV 50 50 -0.058 5.181 

70 80.3 .:!:. 4.1 w -0.120 2.509 

80 80 -0.171 1.760 

zAll fumigation temperatures and 500 F amd 800 F storage tempertures were + 20 F. 

YValues represent slope terms from linear regression equations. 

x Values were computed using linear regression equations. Values represent time required 

for organic bromide residues to drop in half. 

w Value denotes mean ambient temperature for duration of storage + standard deviation. 

v Carton without liner. 

( 
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TaMe ii 
. -, .:" 

( Jrganic bromide desorption rates and half-lives for shelled almonds fumigated with 

methyl bromide using new and old schedules at 700 F in cartons with commercial 

liners and stored at 70oF. 

( 

16 

56 

Exposure 

(h) 

6 

24 

Desorption rateY 

(log ppm/day) 

-0.117 

-0.097 

.Half-lifex 

(days) 

2.573 

3.116 

z These treatments included navel orangeworm and Indianmeal moth eggs in plastic 

vials buried in the shelled almonds. 

YValues represent slope terms from linear regression equations. 

x Values were computed using linear regression equations. Values represent time 

required for organic bromide residues to drop in half. 
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Table 12 

Percentage mortality for eggs of navel orangeworm (NOW), Amyelois transitella 

(Walker) fumigated with methyl bromide using new and old schedules at 700 F in the 

presence of shelled almonds enclosed in liners within cartons. 

Control 

16 

56 

Exposure 

time (h) 

6 

24 

Number of eggs 

per replicationZ 

206.0 + 4.0 

202.0 + 4.4 

213.7.!. 8.7 

MortalityZY 

7.8.!. 0.2a 

100.0 + O.Ob 

100.0 + O.Ob 

Z . ' 
Values denote means of three replications + standard deviations. When applicable, 

means separated using Duncan's multiple range test at the 0.05 level. 

YValues corrected using Abbott's formula to compensate for observed mortalIty in 

untreated controls. 
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Table 11 

( Organic bromide desorption rates and half-lives for shelled almonds fumigated with 

methyl bromide using new and old schedules at 700 F in cartons with commercial 

liners and stored at 70oF. 

( 

16 

56 

Exposure 

(h) 

6 

24 

Desorption rateY 

(log ppm/day) 

-0.117 

-0.097 

Half-IHex 

(days) 

2.573 

3.116 

z These treatments included navel orangeworm and Indianmeal moth eggs in plastic 

vials buried in the shelled almonds. 

YValues represent slope terms from linear regression equations. 

x Values were computed using linear regression equations. Values represent time 

required for organic bromide residues to drop in half. 
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Table 10 

anic bromide desorption rates and half-lives for inshell and shelled almonds fumigated 

using the old schedule (56g/m3 for 24 h). 

Desorption 
Half-l1fex Product Container Fumigation Storage rateY 

description type temp.z(oF) temp.z(oF) (log ppm/day) (days) 

Inshell Basket 50 50 -0.126 2.389 

70 81.7 + 7.4w -0.142 2.120 

Bin 50 50 -0.137 2.197 

70 79.5.!. 7.8w -0.107 2.813 

Shelled Basket 50 50 -0.066 4.596 

70 81.8 + 5.8w -0.087 3.456 

Bin 50 50 -0.088 3.436 

70 82.4 + 5.5w -0.081 3.698 

Carton v 50 50 -0.058 5.181 

70 80.3 .!. 4.1 w -0.120 2.509 

80 80 -0.171 1.760 

zAll fumigation temperatures and 500 F amd 800 F storage tempertures were + 20 F. 

YValues represent slope terms from linear regression equations. 

x Values were computed using linear regression equations. Values represent time required 

for organic bromide residues to drop in half. 

w Value denotes mean ambient temperature for duration of storage.!. standard deviation. 

v Carton without liner. 

( 
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Table 9 

Organic bromide desorption rates and half-lives for inshell and shelled 

almonds fumigated using the new schedules. 

Product 

description 

Inshell 

Shelled 

Container Fumigation 

type 

Basket 

Bin 

Basket 

Bin 

CartonV 

Z 0 temp. ( F) 

50 
70 
80 

50 
70 
80 

50 
70 
80 

50 
70 
80 

50 
70 
80 

Storage 

50 
74.1 + 7.3w 

80 

50 
72.8 + 2.8w 

80 

50 
71.2 + 1.3w 

80 

50 
72.9 + 2.8w 

80 

50 
79.3 + 5.8w 

80 

Desorption 

rateY 

-0.141 
-0.099 
-0.650 

-0.128 
-0.188 
-0.392 

-0.195 
-0.322 
-0.362 

-0.113 
-0.130 
-0.603 

-0.152 
-0.176 
-0.230 

Half-l1fex 

(days) 

2.135 
3.028 
0.463 

2.352 
1.601 
0.768 

1.544 
0.935 
0.832 

2.664 
2.316 
0.499 

1.980 
1.710 
1.309 

ZAll fumigation temperatures and 500 F and 800 F storage temperatures were + 

2oF. 

YValues represent slope terms from the linear regression equations. 

x Values were computed using linear regression equations. Values represent 

time required for organic bromide residues to drop in half. 

w Value denotes mean ambient temperature for duration of stoage + standard 

deviation. 

vCarton without liner. 
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Table 13 

Percentage mortality for eggs of Indianmeal moth (IMM), Plodia interpunctella 
•• . 0 

(Hubner) fumigated with methyl bromide using new and old schedules at 70 F in the 

presence of shelled almonds enclosed in liners within cartons. 

Control 

16 

56 

Exposure 

time (h) 

6 

24 

Number of eggs 

per replicationZ 

358.7.!. 8.0 

353.3.!. 10.5 

360.3.!. 12.0 

Z Values denote means of three replications ~ standard deviations. When 

MortalityZY 

3.9.!. 0.3a 

99.9 + 0.2b 

99.9 + 0.2b 

applicable, means separated using Duncan's multiple range test at the 0.05 level. 

YValues corrected using Abbott's formula to compensate for observed mortality in 

c=) untreated controls. 

( 
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50°F and ambient temperature. 
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temperature for shelled almonds fumigated in wooden bins at 50°F and 70°F with 
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temperature for shelled almonds fumigated in cardboard cartons without liners at 
50°F, 70°F, and BO°F with methyl bromide at a dosage of 56g/m3 for 24h (old 
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Common Names for Plant Diseases 
In 1978 The American Phytop~thological Society established 

a committee to develop listings of APS approved names for 
plant pathogens and the diseases they incite. These mimes are 
then considered the preferred names for use in APS journals 
and other publications. The Committee on Standardization of 
Common Names for Plant Diseases published lists of preferred 
names for 35 commodities in 1985 (Plant Disease 69:649-676). 

The following eight lists are presented for reference. They 

~ 1988 The American Phytopathological Society 

~ Almond (Prunus dulcls) (Mill.) D. A. Webb) 

J. M. Ogawa, Primary Collator 

Common name 

Almond bull mission 
Almond corky 

growth (on kernels) 
Almond corky spot 
Almond foamy canker 
Almond leaf scorch 
Almond noninfectious 

bud failure 
Almond virus 

(bud failure) 
Almond yellow bud 

mosaic 
Armillaria crown 

and root rot 

Bacterial canker 
and blast 

Band canker 

Brown rot blossom 
and blight 

Ceratocystis canker 
Crown gall 

Dagger nematode 
Green fruit rot 

Hull rot 

Leaf blight 
Leaf rust 

Phytophthora crown 
and root rot 

Powdery mildew 

Ring nematode 
Root knot 
Root lesion 
Scab 

Shothole .~ . 
(= Coryneum blight) 

Verticillium wilt 
Wood .rots 

Pathogen or cause 

Genetic (nontransmissible) 

Cause unknown 
Cause unknown (nontransmissible) 
Cause unknown 
Unidentified rickettsialike bacterium 

Genetic (nontransmissible) 

Prunus ring spot virus-calico strain 
Tomato ring spot virus- yellow bud 

mosaic strain 
Armillaria mellea (Vahl: Fr.) 

P. Kumm. (anamorph: Rhizomorpha 
subcorticalis PeTS.) 

Pseudomonas syringae pv. syringae 
van Hall 

Botryosphaeria doth idea (Moug.: Fr.) 
Ces. & de Not. 

Moniliniafruclicola (Winter) Honey 
M. laxa (Aderhold & Ruhland) Honey 
Ceratocystis fimbriata Ellis & Haist. 
Agrobacterium tumefaciens (Smith 

& Townsend) Conn 
Xiphinema spp. 
Botrytis cinerea Pers.: Fr. 

(teleomorph: Botryotinia fuckeliana 
(de Bary) Whetzel) 

Moniliniafructicola (Winter) Honey 
M. laxa (Aderhold & Ruhland) Honey 
Rhizopus stolonifer (Ehrenb.: Fr.) 

Vuill. 
Hendersonia rubi West. 
Tranzschelia discolor (Fuckel) Tranz. 

& Litv. f. sp. dulcis 

Phytophthora spp. 
Podosphaera tridactyla (Wallroth) 

de Bary 
Sphaerotheca pannosa (Wallroth: Fr.) 

Lev. 
Criconemella spp. 
Meloidogyne spp. 
Pratylenchus spp. 
Cladosporium carpophilum Thuem . . 

(teleomorph: Venturia carpophilll 
E. E. Fisher) . , 

Stigminia carpophila (Lev.) Ellis 
= Coryneum beyerinckii Oud. 

Verticillium dahliae Kleb. 
Ganoderma brownii (Murrill) -Gilbn . . 
G. lucidum (Curtis: Fr.) P. Karst. 
£Detiporus sulphilreul (Bull.: Fr.) , 

'.L Murrill . 
' -. " Perennlporla .pp. ~ .• f., 

,Schlzophyl/um commune Fr; 

,I 

, ·Stereum'lpp. ft, ' .' '.11). " 
Trametes hirsuta (Wulfen: Fr.) QueL i , ' .• ~. 
T. versicolor (L.: Fr.) Pilat ' .. ,' '., ... f ,I 

.. , 

. , were previously edited by committee members and taXonomists~.,
and published for comment in Phytopathology flews. To 
achieve long-term un. iformity in nomenclatural standardS'i(the 
committee has adopted the taxonomic system being prepared 
for the USDA's second edition of Agricultural Handbook'] 
(Index of Plant Diseases. ]970). It is expected that the lists 
not be revised for at least five years so that stability in use f 
common names will be achieved. 

The committee thanks the collators of each list and those who 
have been involved in many days of editorial process. 

Richard W. Smiley. Chairman. Committee on Standardi
zation of Common Names for Plant Diseases 

Elm (Ulmus spp.) 

R. Jay Stipes and Richard J. Campana, Primary Collators 

Common name 

Anthracnose 

Bacterial wetwood 

Black spot 

Botryodiplodia 
canker 

Botryosphaeria 
canker 

British tar spot 

Cbalara root rot 

Coniothyrium canker 
Cytospora canker 

Cytosporina canker 
Damping-off, 

Fusarium 
Damping-off, 

Pythium 
Damping-off, 

Rhizoctonia 

Decay (xylem) 

-f 

'Discoloration 

Patho~en or cause 

Gloeosporium inconspicuum Cavara 
= Cylindrosporella inconspiCUll 
(Cavara) Arx 

G. ulmicolll Miles 
Bacillus mt'1Jaterium de Bary 
Enlerobacler cloacae (Jordan) 

Horrnacche & Edwards 
= Erwinia nimipressuralis 
(Caner) Dye 

P:seudomonas fluorescens Migula 
Gnomonio ulmea (Schw.: Fr.) Thuem. 

= Slegophora ulmea (Schw.: Fr.) Syd. 
& P. Syd. (anamorph: Gloeosporium 
ulmicolD Miles) 

Botryodiplodia hydodermio (Sacc.) 
Petro in Petro & Syd. = Sphaeropsis 
ulmicolD Ellis & Everh. 

B. malorum (Berk.) Petro & Syd. 
(teleomorph: Physalospora mutila 
N. E. Stevens 

Botryosphaeria doth idea (Mo\lg-: Fr.) 
Ccs. & de Not. = B. ribis Gross. 
& Duggar (anamorph: Dothiorelill 
gregorio Saec.) 

Dothidelill ulmi (Duval: Fr.) Tbeiss. 
&Syd. 

Chalara thielavioides (Peyronel) 
Nag Raj & Kendrick. 

ConiothJ'rium spp. 
Cytospora ambiens Sacco (telcomorpb: 

Vaua ambiens (PeTS.: Fr.) Fr.) 
C. chrysosperma (PeTS.: Fr.) Fr. 

(teleomorph: V. sordida Nits.) 
C. nivea (Hoffm.) Sacco (teleomorpb: 

Valsa spp.) 
Cytosporina ludibunda Sacc. 

Fusarium spp. 

Pythium ultimum Trow 
Rhizoctonia solani Kiihn (tcleomorph: 

1hanatephorus cucumeris (Frank) 
Donk) 

Coriolus versicolor (L.: Fr.) Que!. 
Flammulina velutipes (Fr.) P. KarsL . 
Ganoderma applanatum (Pers.) PaL 

= Fomel applanatus (Pers.) Gill. 
PheOinus spp. = Fomes spp. 
Plnuotus spp. 
Polyponu squamosus Micheli ex F". 
Othe,r basidiomycete.s 

(xylem) ) , Bacteria, Ascomycetes, Deuterom)Utel, .\, 
. Dothiorella c:anker ' I"~ ' 

. and wilt ~ , Dothiorella ulml Verrall&. May 
Dutch elm disease ' Ophloltoma ulml (BuisrDan) Nannf_ ,' •. ! ' '. , . 

in Melin & ·Nannf. = Cnatoqslu ,\ . 
ulmi (Buisman) C. Moreau (uamorpbs: 

, (cOntinued) 
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13.POPLLATIO~ DYl\Al\lICS Of BE~'ZI\lIDAZOLE-RESIST A~T 
\10~ILI:\,IA SPECIES 01\ STO:\E FR l-IT TREES I~ CALIFOR~IA 

J. M. Ogawa. B. T_ 'tanji. 
J. E. Adaska\eg. an': T. J. 'lichailides 

B"::-.c'r:n-I V,3S Irltroduced for e.\--:rim;;nwtion i:- 1 '--::7 b\ 
E.I. c.: Porn de :"emours. Inc. a;~: was re;;:ister;,j '1:-, th~ 
l'-nitc.: S:.JICS ;'or ..:onuol of bro",\r. rot irl 1972. W;:..'1 its 
specie..: mode oi action. high a,,::,;';ity against '·:L~r::.'ini~ 
species. and 10..:.31 systemic acti\ll\" :., host tissue i 0;:2';"'a e: 
al, 19-.3a.b)' bcnomyl was wide>:- '2:opteJ for con::o-l oi the 
browr. rot dise;;..;;c on stone fruits an': almonds. 

In 1967, t:'--efore expcrimen:.::l .::r field applic.3uo:1s 0:' 

b~nor..yl '''''ere made in Califomi.:.. in vitro stu":les were 
made [~ estat>lish the b3..Sclir.e s.=nsit;vitv of .'.for.:iini;; 
specics ,.:: ber.0myl (Opwa e: a:. 1965).· The~ s::.ldies 
sho\\~"::: l~dt rr. \'celial cro·.vth c·:' Q.:.':h .'.: ani! inio -'r:.: ::coL 
and Y :..;..w \;'~3S completely i:-:hi:~Led on potatc·dc\tIos-: 
a;:ar ?0.-\) ::.;nended with 0.1 L.;:./ml benomv;. :nes-: 
result.; leJ to extensive field tests on s"'-eet cher.1es. apri· 
cots, ':"':;n0nds. pc.3ches, and pr,"rles to determine eiie..:tive· 
ness c' bcnomvl in conrrol of bloss.Jm blight, frot ret and 
posth..:..rve5t fruit decay. Results in"::..:.atej that a single spray 
of be:-.omyl was equivalent to t\\ 0 spray appli.::.acions of 
other :':..;ngicices tested in cor.::ro: of crown rot b:25sor;-; 
bligh:.. Beno:-nyl. when sprayed :.'n r-=ach fruit. s~.0we"::: 
activey ior ::;,) days after ~.:hes were inoculate":: wit:. 
spores or .1,1. j"uc:icola ar,d incub.:.:;;d in the labo~31O:-v. Ii'. 
addi~.::n. iruit dips in a mixture of :cnomyl and DC~ . .\ pro
vided ex.:dler,t disease control ar,: suppressed es13biishej 
infecc..:ons of postharvest fruit dec.2.\'s c.:.used bv .H. (rUCli-
cola 2:1d Rhizopus stolon{er.· .. 

USAGE OF BE~OMYL 

Control of brown rot caused ty both ,'0.1. !ruClicc;a and 
,\1. la..u became dependent on benomyl after its regis:.ration 
in 19-:. Benomyl replaced other Fotenant fungicides such 
as ca;:>13..'1. maneb, dichlone, and coppers for blossom blight 
contr 21. The importance of fungicides in controlling brown 
rot in C.3lifornia stone fruit and alrr.ond orchards is indicated 
in T2jle 1. The number of fungicide applications per sea
son \ mes with fungicide and crC';'. In California, one to 
lWO 2.;:,pli<.:atiolls are made during b:oom. followed bv two to 
three preharvest applications, exc.:pt on apricots,' prunes, 
and almonds, where preharvest sprays are not appliej. The 
number of preharvest applicatio;-:.s on fresh market nec
tarines and peaches is based on the numxr of times t~,e fruit 
is haz .... estcd. 

In 1973, environmental cond::ions in California were 
cond.Jcive to blossom blight caused by Monilir..ja species 
and resulted in varied disease con1.'"ol. Prompted by a repon 
by Schroeder and Provvidenti (1969) of benomyl resistance 
10 £rys!phe cichoracerarum on curcurbits, a survey was 
made of 73 orchards thar reportcj repeated applications of 
bcno.'Tlyl, with some showing severe blossom blis.;hl. Sensi
tivit) .of isolates to benomyl was tested by -measuring 
mycelial growth on PDA amendej with 0.1 and 1.0 Ilg/ml 
of benomyl. None of the isolates of M.fructicola or M. ltua 
exhibited measurable mycelial growth on PDA amended 
with 1.0 Ilg/ml benomyL .At the 0.1 Ilg/ml bcnomyllevel,
no growth occurred on the second day. but growth started 

'00C ..:..:':~~ ar,':' '.' ::'-.;n ::: :'.:.ys C0\erd the rLlle, '';'' hi..:r. dif
:"~rec ~,':-:: e.;:L;?~ ~ep.::--' ·.;..her;? the ;'um:us faile":: [0 ,:-:-ow 
';--'~'-\'~'" -"~ .. "' ""0'":' 9'~'~'~ _Uf •• _::- ___ !J ~-,--,: lfi'-_ . ...:_,n p.cnl\: '. ga\\a.l ,_. T",~ et 
.:1, I ~ -~. In : 'r.:. OL.:: ":,'.,,..:lus;on .... 3..S that resis:.2.:'Jt P='pu
.. :nicc-, · ... ;;re at:~~.l f:;-:·~. Cali.fom;'; orchx-ds :..".at ·,;.ere 
'pre:.:-"': ~;;pc~e~:- w; :'-. :-cnom:,1. ?oor co;-.uo; in S0me 
:·rc1-....:..:.:' ·;.,as ;:r,:':..ibl:, ~~:.:.:;;d 10 en\tronmenwi c~nd;:':0ns 
;.,hi..:- ;:,:-;;·.er.:·;:j ;:-~;)pc~ a;:-~:i;:;.auon C'fbenomyl spr-ays. 

Detc-::ion of ben~myl:resistant .\fJructicola 
~e :.:< ~~JX~ c: ~f..~_·:::.')la reSl5:2I1t to lx'nofT':, 1 \\-,-> by 
.vh~ : :-;6 Fl:"USr:-':"::-'-. iollowed by a rcpon ~y ;0I1es 

..:..nd =-~ __ =: IF· -6 :,.. \~.:~.::;3n. Res:stancc kvels relX'i1ed 
~ng~,: ;'~:m : '\.':: I ,CC)~i ...!.g!ml bcncmyl (jones, : 98.3· In 
\;e .... ':',x;;. Suo~":k a;-": Gilpatrick I i9771 reported tha: 9% 
)f L".,:: t'C:;ofT,yk=~ista:-;t 15-0lates showed pf0iuse my,dial 
;ro,,"~--; ::-. me-:1Il.;::-. ame:-,d;;d with 50 Ilg/ml Ccnorr.yl, .... hile 
53~ >-~I0·;.,ed ;:'fC':',:.se fT.y,d1.31 groWL' at 10 Ilgiml (:.ene-myl. 
In tl:c 5:..::-:;me~ 0; : 9T. K.:.vetlO fmt detected iSOL:?les cf M. 
·-"uc=:: . .; resiSta.."'.: to t.::i-.::myl on fruits col1e-.::ted 10 a reach 
xer-=...--.:.:: the nC:-_lerr, S-'-., Joaquin \'alley I.l.ocki.:xd. CA). 
This x:~.ard h:>': jeer. s~rayed repeatedly over :"'le ~~s, 
first: -;, ::':-. ber.0rr.:.:. the:-, ''''ith combination sprays of bena
myl ;-:~ .:apun i~. atte::1pts to reduce the severe crop l.:>-SSes 
iror;: :1-~ ~ro·""l1r:{ dis.e.ase. Raveno's isolates of !of. fr~ti
calc .. e:-;: found :2 be resisw.nt to benomyl a1 1.0 )..lg/mi and 
nOl a.: L'",~ high Je-.;:Is previousl y reported from Au..'tr'alia and 
Yticc.:g-::.--:. The :evels of resistance were detennine-j by 
;::orr:;-:.:.:-.:-.~ myce::J.l g:vll."th of isolates ne .. er e:t;po5ej to 
bence:-: wit.h t: ... !t of isolates collected from bencmyl
spra:.e': .:-rch3rds ::n PDA amended with ben0myl (t-.1a.nji et 
al, : ;8:" Bencnyl-s.ensitive isolates failed to crow at 1 
llg/cJ t.:nomyl .md I-..3j a slight reducticn in-mycelial 
gro-"-Lh .:.:: 0.05 !-yml benomyl, while the mycelial growth 
of t-=::o::1yl-resis:;mt isolates col1~ted in 1977 from the 
sarr.-= o.-..:jard w:..; esse:il.:allv identiC.31 on mejium amended 
wit.': L j..lg!m: benomy( as on unamended medium. 
Myc-= II':": growth ::f re~..sL1.m isolates was r;;duced at 4 ~ml 
(Fi~..:;-e : I, Sin.:~ thaI tl-ne, surveys of (\ft'lurds m th~ San 
Joac;,..:in· Valky ~.ave indi::ated an increase in oumt>er of 
orct: '--:,s with Cc:J.omyl-resistant populations of M. fructi
colc. :~. 19"78. -;) or-:hards (lO isolates from each) were 
san: ;:-:e.:. and f: Jr adjitional orchards \I, ere fe-und with 
isol.::::es of ."1. .':':J.ctic0!a resistant to beocmyl: in 1979, 
resis::.:;;-:: :solates · ... ere detIXted in st., orchar.:s; anj in 1980 
38 crcr...:..:-ds. T~e use of benomyl was re~valuated, and 
ben.... .. "T1:: usage .. as cils;:ontinued in orcha:-js where high 
popc..!.:.tJ ::ns of A~ fruccuola were resistant t..:' benomyL 

Population dynamics of benomyl-resistant isolates in 
blossom infectioos 

Cnder condi:.:ons of extremely high d..:....;ease pressure, 
control cf blosso:n blight with benomyl was less effectiye in 
commer:ial ordards "'ith populations of M. fructicola 
reSiSt3m to beno,-:1 yl at 1-4 Ilg/ml (Rough et ai, 1979). In a 
Loadel :ling pea.:h orchard with 22% of the population of 
M.fru.c:.:::ola res:stant to benomyl, blossom blight was 42'k 



TAE~E 1 

Crops, cuitivars, production area, average number of spra: applications. and estimated cost of treatment" for brown 
rot control in California orchards 

No. of Production 
Cron cultiYJIS _____ 3I~a_1tJJ~l/ 

ApricoL) 13 9,nc-; 

1\'cctarincs 60 9.)(1:-\ 

Peaches 
Processing 38 14.:'.::'.::' 
Fresh market 69 12J/d 

Plums 52 13,760 

Prunes 11 )4,131 

Sweet cherries 8 4.8i·') 

Almonds 40 171,9'j5 

TOTAL 270,665 

2) For production year 1936. 
1Y Estimated for benzimidazole fun,zicides 

'.;0, f·,:.ngicide 
3:'r\:: ,;licns/\e~lr 

5';8cmicc_ __Con13ctcj 

') : - -

, f:. 

-' -
, 6 

') 

r;) Estimated for sterol biosynthesis ~nhibi:.:~,g and di;::arbvxir..:Je fungicides, 
dj Cost figures derived by multiplymg pro-:JCtion area, avera;e numlxr of con,,"ct fu:-,;:::Je trC.21.mCnLS, 

and application cost of fun>:icide treatrr,::its. estimated at '3 JXl per hectare. 

in the benomyl-spraycd plot and 77C;c in the unsprayed plol. 
The benomyl-resistant population increased from 22C;c to 
80ge in the benomyl-sprayed plot, while in the unsprayed 
plot resistance increased to 40% (Szkolnik et ai, 1978). 

In further experiments in the same Loadel cling peach 
orchard, under conditions of high disease pressure and a 
moderate population of M. fructicola resistant to benomyl 
(369c as determined from mummified fruits), benomyl 
applications of 1.1 and 2.2 kg aj./ha reduced blossom blight 
to 56% and 43%, respectively, of that of the unsprayed trees 
(Sonoda et ai, 1983). The difference in blighted blossoms 
between the benomyl-sprayed trees and the unsprayed trees 
may be accounted for by hypothesizing that benomyl con
uolled only the benomyl-sensitive isolates. In another study 
on nectarines near Parlier, CA, blossom blight was effec
tively controlled with benomyl in an orchard with low dis
ease pressure and a low resistant popUlation (20%). How
e\'er, the percentage of benomyl-resistant isolates increased 
from 20% to almost 90% after a single benornyl application. 
This increase in benomyl-resistant isolates could have an 
effect on the control of preharvest fruit rot with benomyl. 
Conclusions from these studies are that benomyl sprays 
applied during bloom effectively prevented infections 
caused by benomyl-sensitive isolates but not those of the 
benomyl-resistant isolates. 

In the same peach orchard (Lockford, CA). Adaskaveg 
et al (1987) found that isolates of M. fructicola resistant to 
benomyl remained stable at 35% in the absence of benomyl 
treatments for an eight-year period. The orchard had been 
sprayed with a sterol biosynthesis inhibitor, triforir.e, for 
four years and with a dicarboximide, iprodione, for 3J·lOther 
four years. The nectarine orchard (parlier, CA) was sprayed 
with a combination of benomyJ plus captan during the pre-

vious six years. and the percent of lx:1or;-,yl-res:stant iso
lates had in;::rea..,-,=d from 20 to 55"':, 

Population dynamics of benomyl-resistant isolates in 
fruit infections 

The amount of inoculum and ;Jroportion of resistant to 
sensitive isolates of M. fructicoij on diseased fruit could 
determine the inoculum status tor the following spring 
Primarv inocula for blossom ir.:'ection are conidia from 
sporulating mummies found on t..!-iC tre.:: ar.d on the ground. 
as well as ascospores from apoL'lecia (Shabi and Ogawa. 
1981). Apothc.:ia are rarely fOl:Jd in California orchards 
except under prolonged wet soi: conditiol1s dUring sprin; 
bloom. 

Comparative pathogenicity ct reS1S13:H and sensitive 
i501ate.s is onc parameter dete:mining parasiuc fitnes~. 
Jones and Ehret (1976) in Michigan compared resistant and 
sensitive isolates of M. fruclico/c and found that they were 
similar in virulence. Penrose et 31 (1979: in Australia co
inoculated pea.::h fruit with one resistant and on·e sensitive 
isolate using spore suspensions v.;th diffenng proportions or 
the two isolates. In most cases, L~le isolate moculated in the 
larger proponlon predominated. Howe'.er, mixtures of 
resistant and sensitive isolates v.ere present in many of the 
resulting lesions. They concluded thaI the two isolates were 
about equally \lrulent. Sonoda and Oga',I,3 (unpublished, 
co-inoculated resistant and sensillve conidJ31 suspensions of 
M. fructico/a onto injured peach fruit in the laboratory and 
found them to coexist in some lesions but not in others. ]n 
pairings of equal proponions (resistant at 1-3 Ilg/ml beno
my!), the sensitive isolates predominated in 83% of the 
peach lesions. However, as the proportion of the sensitive 
or resistant isolates increased, the isolate 10 higher propor-
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Comparisons in sensitiyity of benomyl-sensitive (2-65 and MUK-1) and benomyl-resistant (1·81 and A 7) Monilin.:..z 
fructicota isolates on the basis of mycelial gro\\th on PDA medium amended with various concentrations of benom~t 

tion became dominant in the resulting lesions except in 
oneinoculation. Lesions caused by individll3l sensitive 
isolates were larger than those caused by individ:HI resistant 
isolates (Sonoda and Ogawa, 1982). In these studies, 
resistant and sensitive isolates were both pathogenic, how
ever, the sensitive isolates were more virulent. 

Zehr (1982) determined the level of resist2nce of iso
lates of M. fructicola in South Carolina as 500-1.000 ~g/ml 
benomy!. Parasitic fitness of these isolates was determined 
by introducing benomyl-resistant isolates in benomyl
sprayed and non-sprayed peach orchards and observing their 
spread and overwintering ability. Resistant isolates became 
the predominant population only in trees sprayed with 
benomyl and then failed to overwinter. In contrast, Califor
nia isolates resistant at lower levels (1-4 ~g/mi) remained 
stable after eight years in the absence of benomyl, indicat
ing their equal ability to survive compared v.ith sensitive 
isolates (Adaskaveg et al, 1987). Further studies are needed 
to determine whether levels of resistance affect the survival 
of Monilinia species under varied environmental conditions. 

Population dynamics of M. taxa causing blossom blight 
Populations of M. laxa resistant to benomyl were n:{ 

detected before 1980 in surveys conducted in almond. ap:-:
col, and prune orchards sprayed with benomyl where pop:
lations of M. laxa predominated. Crop losses were r.x 
reported except from orchards in Merced County, whe:e 
severe apricot blossom blight occurred. This high diseG..'<! 
incidence could be attributed to rains during blossomir~. 
which prevented the proper application of benomy!. Ei~~l 
years after the first application of benomyl, resistant isola:..:s 
of M. laxa were detected (Ogawa et aI, 1984). The level :f 
resistance was 1 jlg/ml, similar to those reported for V 
fructicola. Isolates of M. taxa resistant to benomyl p:-}
duced smaIler cankers than sensitive isolates on almo::d 
shoots. Furthermore, two of the resistant isolates produc:!d 
only a few conidia on PDA, and three were incapable of 
establishing colonies on benomyl-free medium. 

In a 1982-1983 survey of M. la:caand M. fructicola m 
prune and apricot orchards in California, M. fructicola '':is 

the dominant species and only isolates of M. fructiccUJ 

, 

I 
t 
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Wefe found to be resistant [0 benomy! 1).~Ch3ilic~s et al. 
1987). A shift in populau,:m had OCCCTe,: from ;-reviou,; 
studies, which indicate.d ,\1 ia.xa as the rre~:)min3r,: spc-.:ies 
on these crops. The rea..'0ns for this sr,;:'t 3rt ~.ot fully 
understood. Posslblv, un':a continue': L.:..:'e ot 'x;lomvl. 
populations of ,\1 .t~i.1.cll",cia beC2.me jC'~. iiHnl '-nh the 
dC\'c\opment of reS1S1.3nCc. The nonde'::CL:.:-n of 1:<:.:ue,; of 
\f laxil fesis1.3nt :0 lxnC'~\"l ma\ lx .:~~ [0 L.: si:-;:k 
.ii'plication of b--e:-:omyl ':~ring ·blo.::-:- :Or;[Ic::_-,g ~'1c 
Sensitive popul3.UC:1 of ,\1 . . a.xa or to c.'".c ~~Juccj :J.I3.S:LlC 

fimess of resist.an: popul~jons of .\f :,;..::...;. C.:.:.cz 2.i1': 
Ogawa (1982) fou"j tIwl i:'01ates of Y :..:..~~ froTT, 2pncol 
resistant to bcnomyl werc less p3.fasitic':":l~ :';L Hc'';' :\\:~. lr. 
C'ne almond orchar': spraye": rcpc3tedl~ ',,1'-.'-: bcr,o,-;-·] a;2<1e 
anj later in com bir.3.tion \'. :: . .'1 captan, i ~ '-c c:' Lh,c i:< :3[c, 0'
,If law from bllghted t<ossoms w,,,:: :-esiscar::. --::-ii, 
rc'sistant populatio<1 was established. -:-hese ~esis~m 
isolates showed reduction :<1 rate of £e~, ::1lx e;~·~.;:a~on. 
pathogenicity, and spom:xhial procLclic:-; on t,;. :gs ":>u: 
good fitness in \'irJknce '';' hen comp3.:eJ :0 lh.e :·:<10,-;-,\1, 
sensitive isolate (Canez, : JS6). A reS;S:.2..1t isc:"':':;,: r~JTT. 
3;,ricots ShOWeD rcduce-:: fitness c~.>, ::1 g~~, :~:X 
c~ongation and s;=-0rodo-=~.:JJ de\·clo;=-:-:~c:-.:. T:-:: 5:.;~1: 
r~juctions in par::.sitic fi~.;:ss of the 3:~.orjj. ~.:;-w~.\ I, 
resistant isolate cC'Jld no: be measure.: ;~, ino-.::L":'uo" c: 
t\\igs and measure:-nent 0:' canker de\" :o;,--;-jcnl i,. :he ,',!, c 
years of experimer,:ation i" field test p:OLS In lC~:S. t.:-J"C"-:: 

years after the exclusive ;esc of iproc:or:;: In thiS alrr.onc 
orchard, the ptrcer.l of res'st.ant isolates IS::: :C-el ha': -.ot jyxr; 
reduce.d. Interesungly, under extE~e:\ lo\'. disease 
pressure, protecLw spr:::-s of bec:!:>: or ::rod.:one 
pro\'ide.d effecu\e an-:: equi\aler.: '::Se3.Se co:-.:rc: 
I Adaskaveg et al, 198"7). 

Fungicide man3.gemer.: studies ior orc~.3Jds \'. ::..'1 r,-:sis, 
l.3.nt populations oT AI. la:c. showed th::: U:-.Jef hi~- dis..::a.se 
pressure, a mixtlLe of be:lOmyl plus lpf~ione :ro\lde,: 
more effective cor,ITol tha;. a mixture 0:' bcnomyl :,US cap
tan. Under low disease pressure, c.iff",ences jet\). xn 
treatments were not shown' Canez, 1986). 

DISCUSSIO~ 

Contributions have bc..-::n made or, hv',li to .:Cla\" the 
occurrence or prevent increases of resi5~.:mt pc·;:-ulaLions 
s!nee the advent of be;-.zimidazole reSIstance :n plan: 
pathogens. Dclp ,1980) proposed a eomt:nation ~e3L'nen: 
ofbenomyl v.ith 3.:1other f:.:ngicide wit:' a -::lfferen: moje 0:' 
action to manage the deveiopment of r,-:sis:.3nt fur:;3.1 p0pu
lations. Kabie a:1d Jefft':-y (1980) a::'0 10tt'd f~~m thei~ 

r:-,().C.~. :-1~[ {L.:-.;:lci":c l..~.\[ures 2:.:~ ~or:: 2':·<3.r,~~~:..:s ~-..:..:.~ 
~~r-=-~o:-.:;. ~ky~~:s (19-S 1', qua~:rl~.2 C-~: ,:~c~ "':-.3.] 

r;-Li-,a:.~~~s arc cC'urr21 ''';' ~,cn ir.:-~:"':.Jn f2t('S of L-.·e rcs~~:--=-:lt 

~~_:~;i~~-;~~5 ;~;. ~c~ :e~t:~~~cs~~~.~~Lt~\~, ~::~:~-;~k 
Furc:-:; th:: dc:"':':ir.~ ,-::':::l of !..;\:~~e~ ::-:C~~J.."-?"::='S ~c:: 0":, 
-:.2'::\ ~~- L"i~ .: ~m;:,~:,:- (Jnf:"::~~ in.::-:~':~. :-:-~:- '::-:5 
';" :~:-: :. S~~:-:-~:: ~.~;:-=::::::~ ~llh~:.- 2~,---:-:~ c:- ::-, .::.~t-=·=-:-_.":::":'~"":-" ",- ...-
,;, I.':.~:'..::-C '.~.~-; 2 ;-:-~--::':~"3Ji~ :"~:-.;l~:::'::·. :-:::.:~_-_- ____ '--.',_--=---....: 

=.Sl~~.~~ ~~>p~:Z~~~,~.; .. ~ ~:23 ~~~~2c~~~b :;:~ ~ ~1' ~~.: •.. ~ ;/;-~- .~~ 
~:~: .~. ~.J~ :.he :..:::--: ~'f 3S": 2":'_1\\~ ~:~ ~-.2n·l:": . _ .. ~ ~- ~(' 
::-,.::-;:~~j :':-1(' ~':-e~L:::-I:> ~""r- ~:~-'::":::-I 0:' :-2~.<.'::"'-.: ~,-':--;:a>~'-.,,:
~·Jl!:: 'FG: .. _h~;--:1or~. L--I:: ::-tr~.c ~· .. ~::;:l~ ;-:-~"':.:l(,~ -_~ . ..:~ 2 - _ \-

c:-f~...-:-...:.·.c ::1 :-::"':u.:::-.~ __ -:: r31~ ::- ,~~CL:-:-;'::- ~2 \--:~. ~ :-~::- . .'·""':"-:L 

s·-..:'='~'~~u12:Jo:-. ~~3T, ::-,;2 _,t of =--;;:-.,~"n1y~ 2~ -~c \~- 1:-. 2~~:::-"J.
=,.}n :\l:':~~:: :'-JrtI-,c:-- ~ . .=~.::j U-I.-=.: :":-.2 IJ:-;;::- ~l(' ~'<;'_~~:I- :C' 

';' ~~:..: - :"le ~~:-~u\'~ 2;~·-.: is 2;-;->(,.2. L-.2 ;:-~.3:~:- ::-.~ ;:---:'~J

:.il::' :f ~le-...-:~ng 2. re~~~:.J.nt ::::~~;-<-~U:..::":C:- r: -::.:'·;'"'I':._,.:z?J 

~-.2~ '~<~~,cr:-:y~ ~:-.,JC:~ ~. ~.: :--c U~·~ -.;, ~Lcn ..:: :-:- ~';":-. :- =.: e~:~·::-.:~ 

~~-,C,_,,: t..c ~~-~ :n ;-:-.~~~;-::: J.r;=<:::::.JllS 
\~-:2,;:cri.:;-.t S::-2:::~~25 m~::: ::-. .:lc.=2' ..:. ~1\~;- .:C:-J'.~ . ,

:.::rrl ':-CC3~~ :: lS "':"'-::~~~"<\' tIL::: :-('~:~~.::: ':"1;: =-':"=~J ~~- .:1; 
0f:r-. .::':s ,0';:>30 c~::":. >-:9. :c.S,:. O~":';'2 1C:~:· \\0 -,~c 
:..J ~: -_sid~r ~~.~ \'~"::-. .; ':egrc;;::5 C~· rC~:5:":'~Ce ~\~ ~.~ :::>-.~k 
:~Jn:;-.~~je. Lh~ :-01-: .:.:f ~.: 3t-riS~ :-~~lgi..::j~ · ... h;;;: ~~..: __ -.":cr 
:J'~ -. :fSL25 ;-,:;:, dlS-::2-'~ ~reSS~;-;? 3,nd :"~e -:re~~-:-.:;.: of :-<:-c 
:..~r, ~:le y2"": .::5 C~- ;::::':. :~cn t"-2~~~ \:.'0;-:"'- 2 ~:2d ';' ::.:. ~~e :~~e 
=-~=--.crIL F _-..hCl", '';' ~ ·:-.c.;:d :2 s: .... dy ::-,~ i;X-":~::C iT'1::"~~;;?
:-:-l..:r.: ):r2:::~:::~ rc~~:':-::.~ ~'Of \';"::C'_S 5L~:-;C :-ru:: ~rC';:-5 -':-,-':cr 
::"1 ::..-.j C:iiT . ..:.:e .,!, '".::~'-' ~:l:nf~: 2~.j c..:sc::..."-? e::-:':'-::"fll:' .!J~ 
~:rn::..:-:: cc:-n;:- .:.:ed tC :-:-.:: :-;-'Iorc r:~~Lid ~~.:: ~.~g~.~:-2i;-_:-3:: ~~
;'Cr::..~.: re~lo:-.~, To ;:--:--::'.ent :...~.c jC\·C:2;-~cr.: =,f rC~:~:=-.!..Tlt 
;"ung::.. p0~ul~ons. TT,::"-. ..:,;:emc:r.: ,:udi~s c:' fl.!~~;c,dt' _:;.:.~e 
rcq~~~ th'" C~:ermln3.:.;:n of L'",;: Glini:-::-:3.2 :-lur.-lc.:r of ~ci!
catic'::s of t:':: at-risk :·;.:ngicide 3I1d :J1c effe-.:tivcnc;:'· of 
3.lte:-...:ting sc·,er3.l fL:~;::ides O~ ml,l~~S cf L.:np:.jes 
'''~~ :-nu;up:~ appil:3~:ns are r,c..:,-:s~-: •. 
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