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ATMOSPHERIC HCN FUMIGATION FOR LATANIA SCALE ON AVOCADO FRUITS1 
D. L. Lindgren and H. L. McKenzie, University of California Citrus Experiment Station, 
Riverside, California 
 
INTRODUCTION 
The latania scale, Aspidiotus lataniae Sign., is probably the most serious insect pest of 
avocados in California. Before being shipped into certain localities, infested fruits must 
undergo treatment. At the request of the Calavo Growers of California, the following 
project was undertaken to ascertain whether absolute assurance of a complete kill, 
without injury to the fruit, may be obtained by fumigation with hydrocyanic acid gas at 
atmospheric pressure. 
 
METHODS 
A few preliminary tests conducted in a 100 cubic-foot fumatorium with no load factor to 
take into consideration indicated that 100 per cent kill of latania scale was obtained with 
a dosage of 10 cc. of HCN. However, only 4,459 scales were counted at this time, and 
since the experiments were conducted in an air-tight metal fumatorium without a load, 
they did not correspond to fumigation practices as they are intended to be carried out by 
the Calavo Growers. Therefore, in the following experiments commercial conditions 
were duplicated as nearly as possible. 
A room 450 cubic feet in capacity and practically gas-tight at atmospheric pressure was 
used. This room was equipped with a small 10-inch fan to circulate the HCN and an 
exhaust fan to remove the gas. Unless otherwise stated, the load consisted of 200 
avocado boxes containing the usual amount of excelsior but no fruit. The dummy boxes 
were stacked fifteen to eighteen high, with five stacks along the length of the room and 
approximately three stacks along the width. Whenever any boxes containing scale-
infested fruits were obtained, they were placed in various situations among the dummy 
boxes. Their positions were indicated by such terms as "stack 1, back-center" and 
"stack 3, front-top." 
Hydrocyanic acid gas was applied with a cold gun applicator such as is used in regular 
citrus fumigation. Rapid evaporation of the liquid HCN was obtained by the circulation of 
air afforded by the fan. All exposures were for one hour, the temperature range being 
between 67° and 72° F. 
 
 
 
1Paper No. 354, University of California Citrus Experiment Station and Graduate School 
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SCALE KILL AND FRUIT INJURY 
Experiment 1.—The highest dosage tried was 400 cc. of HCN per 450 cubic feet, or 
88.8 cc. per 100 cubic feet. In experiment 1, two boxes of scale-infested fruits were 
used. They were held at room temperature prior to fumigation and removed to 45° F. 
after fumigation. In box 1, the excelsior and fruit were dampened, while in box 2 the 
excelsior and fruit were dry. Scale counts made ten days after fumigation gave the 



following results: 

 
 
Experiment 2.—This experiment was similar to the above except that the fruit was held 
at 45° F. prior to fumigation and returned to this temperature immediately after 
fumigation: 
 

 
 
These tests indicated that a one hundred per cent kill of the scale was obtained, 
although some fruit injury apparently resulted. However, the fruits were so heavily 
infected with Dothiorella rot that it was hard to distinguish between the surface rot and 
fumigation injury. 
Therefore a box of perfectly healthy avocados was placed in stack 1, back-center, and 
subjected to 400 cc. of HCN per 450 cubic feet for one hour; another box was held as a 
check. Figure 1 shows a fumigated fruit and a check fruit. A definite pitting appeared 
within twenty-four hours after fumigation. The lesions did not increase in size after they 
first appeared, nor did they extend further into the flesh of the fruit. 
Experiments 3 and 4.—After the extent of fumigation injury had been ascertained, an 
attempt was made to reduce the dosage of HCN to a point which would assure one 
hundred per cent kill of the scale without injury to the fruit. 
Two experiments were conducted, with 300 cc. HCN per 450 cubic feet or 66.6 cc. per 
one hundred cubic feet. In experiment 3 the fruit was held at room temperature prior to 
fumigation and removed to cold storage immediately after fumigation. In box 2 the 
excelsior and fruit were dry. The results were as follows: 
 

 
 
Experiment 4 was similar to 3, with the exception that the fruit was held at 45° F. prior to 



fumigation and returned to this temperature after fumigation. Scale counts gave the 
following results: 
 

 
 
A dosage of 300 cc. of HCN gave one hundred per cent kill of the scale with no 
apparent injury to the fruit. 
Experiment 5.—The next dosage used was 200 cc. of HCN per 450 cubic feet or 44.4 
cc. per 100 cubic feet. In experiment 5, fourteen crates of scale-infested avocados were 
held at room temperature prior to fumigation, fumigated at 70° F., and immediately 
removed to cold storage( 45° F.). Counts were made twelve days later. The boxes were 
placed in the following positions: 
 

 
 
Experiment 6.—In experiment 6, seven boxes of scale-infested fruits were fumigated 
with 200 cc. of HCN. The fruit was held at room temperature prior to and after 
fumigation. The temperature was 70° F., and counts of the scales were made eleven 
days after fumigation. The positions of the boxes were as follows: 
 

 

 



 
No latania scale survived a dosage of 200 cc. HCN per 450 cubic feet. A total of 14,148 
dead scales were counted. 
Experiment 7.—A dosage of 160 cc. of HCN per 450 cubic feet or 35.3 cc. per 100 
cubic feet was tried in experiment 7. The fruit was held at room temperature prior to 
fumigation and removed to cold storage (45° F.) immediately after the exposure to the 
gas; scale counts were made twelve days later. Fourteen boxes of avocados were 
placed among the 200 crates as follows: 
 

 
 
Experiment 8.—In this experiment, the dosage used was 160 cc., but the fruit was held 
at room temperature prior to and after fumigation. Scale counts were made within ten 
days. The boxes containing scale-infested fruits were placed in the following positions: 
 

 
 
Experiments 9 and 10.—The lowest dosage tried was 80 cc. or 17.7 cc. per 100 cubic 
feet. Two experiments were conducted at this concentration, the fruit being held at room 
temperature prior to and after fumigation. The positions of the boxes containing scale-
infested fruits were as follows: 
 



 
With a dosage of 80 cc. of cyanide per 450 cubic feet or 17.7 cc. per 100 cubic feet, no 
latania scale survived. In commercial practice a dosage of 25 cc. of cyanide per 100 
cubic feet in an air-tight fumatorium should give complete control of the scale on packed 
avocados. 
 
ACTUAL CONCENTRATION OP HCN IN THE FUMATORIUM 
Samples of gas were taken at regular intervals to determine: (1) the time it took the 
liquid HCN to evaporate, and the gas to become evenly distributed; (2) whether the gas 
tended to layer; and (3) the drop in concentration due to sorption,2 leakage, and other 
factors. The samples were drawn off at two different places in the room, one at a height 
of seven feet, and the other at a height of about one foot from the floor. The results of 
these tests are given in tabular form below. The figures represent the averages of two 
or more experiments. The average mean concentration was calculated for a fifty-minute 
period as follows: One-half the concentration at the two or three-minute interval was first 
obtained, then the average for the concentration at two minutes and seven minutes was 
multiplied by the time interval of five minutes. Likewise the average for seven minutes 
and fifteen minutes was multiplied by the eight-minute interval, and so on through the 
period when the total was divided by the time interval, or fifty minutes. 
 

 
 

 

2Sorption : refers to both absorption and adsorption. 



As shown in table 1, there is very little leakage or adsorption of hydrocyanic acid gas 
when the fumatorium is empty. After fifty minutes the concentration was only 4.5 per 
cent less than after two minutes. With the same dosage but with a load of twenty 
avocado boxes (table 1), the concentration after fifty minutes was 25 per cent lower 
than after three minutes. With a load of 200 boxes (table 1), the concentration at fifty 
minutes was 60 per cent less than after two minutes. In other words, 55.5 per cent of 
the gas was lost through adsorption and absorption by the boxes and excelsior, while 
only 4.5 per cent of the gas was lost through leakage and adsorption to the surface of 
the fumatorium. The mean average concentration with a load of 200 boxes was almost 
70 per cent lower than with no load in the room. 
 

 
 
Table 2 shows the drop in concentration and mean average concentration with dosages 
of 80, 200, 300, and 400 cc. of HCN. When a dosage of 80 cc. per 450 cubic feet (17.7 
cc. per 100 cubic feet) is used, the mean average concentration is about the same as 
that obtained when a 20 cc. dosage is applied in the field under a canvas tent. The 
mean average concentration with a dosage of 400 cc. and a load of 200 boxes (that 
occupy about one-half of the space in the fumatorium) is less than the mean average 
concentration when a dosage of 160 cc. of HCN is used in the empty room. The dosage 
should not be reduced when the load is increased; the reverse should be the rule if the 
load is such that it may take up large amounts of the gas. In all the experiments, there 
was very little difference in the concentration at the top and at the bottom of the room. 
 
 



FUMIGATION OF PACKED AVOCADOS 
At the suggestion of D. B. Mackie, Supervisor of Entomology, State Department of 
Agriculture, two experiments were carried out in which a load of 150 boxes of packed 
fruit, together with 50 boxes containing only excelsior, were fumigated with a dosage of 
108 cc. of HCN per 450 cubic feet (24-fcc. per 100 cubic feet). These experiments were 
conducted to duplicate commercial practices. The fruit was held at room temperature 
prior to and after fumigation, and the positions of the boxes containing scale-infested 
fruits were as follows: 
 

 
 

 
 
Results of HCN Aspirations.—Table 3 shows that the drop in concentration of HCN is 
no greater with a load of packed avocados than it is with a load of boxes containing only 
excelsior. A mean average concentration of .0753 was obtained with a dosage of 80 cc. 
HCN (table 2) for a load of 200 boxes containing excelsior. With a dosage of 160 cc. of 
HCN (table 1), a mean average concentration of .1739 was obtained. Therefore, a 
mean of .1097 should be obtained with a dosage of 108 cc. However, a mean of .1233 
was actually received when a load of packed avocados was fumigated. It may be 
concluded from this that the fruit did not increase the adsorption of HCN over that of the 
boxes of excelsior in the previous experiments. 
 
CONCLUSIONS 
In the 450 cubic-foot fumarorium with a load of 200 boxes filled with excelsior (but 
without fruit, excepting what was placed in key positions for the determination of scale 
kill and fruit injury), the dosage of liquid hydrocyanic acid varied from 80 cc. to 400 cc. 
or from 17 cc. to 88 cc. per 100 cubic feet. The highest dosage, 88 cc. per 100 cubic 
feet, was greatly in excess of that necessary to kill the latania scale, but it was given to 
determine what injury to the fruit might occur. The injury that resulted was slight in view 



of the excessive dosage used (see figure 1). The experiment involved mature, sound 
fruits of the Fuerte variety. 
The lowest dosage, 17 cc. per 100 cubic feet, resulted in a complete kill of the latania 
scale. Two experiments were conducted with a load of packed avocados. A dosage of 
24+ cc. of hydrocyanic acid gas resulted in complete kill of the scale. 
As a result of all of the tests, the authors feel justified in concluding that latania scale on 
avocado fruits can be killed, under the conditions indicated, by atmospheric fumigation. 
A dosage of 25 cc. of liquid hydrocyanic acid, or its equivalent, per 100 cubic feet is 
recommended. With a load of fifty avocado boxes per 100 cubic feet, exposure should 
be for one hour, with electric fan circulation. 
 
 


