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TJIE EFFECT OF CONCTNTRATION ON T} TOXICITY OF 

ACARICIDES TO Ti-s TO-SPOTTD SPIDiR MITE, 

Tetranychus bimcu1-tus Hrvey 

As other sciences nre developing new techniques and 

methods, so is the science of spraying. The method of 

spraying, v:r1ous1y known as dilute, bulk, high volume 

or the conventional type of hand spraying is rapidly 

disappearing as a means of spraying orchards for pest 
control. Other methods using lower amounts of water to 

apply the toxicant, and requiring less labour are being 

devised and in many coses are in practice. 

PURPOSE OF EXPERIMENT 

A considerble amount of experimental field ;ork has 

been carried out in many orchards in the province of Brit- 

Ish Columbia, in Eastern Canada, and in the United States 

comparing concentrate spraying with dilute or the conven- 

tional type of hand un spraying. Many different types of 

concentrate sprayers have been used in these experiments 

and on the bsis of volume of spray material per acre of 

orchard trees, they have used amounts ranging from about 

)4O to OO gallons. The dilute srrayers use upwards of 1200 

gallons of spray matcrial ner acre in an orchard with mature 

apnle trees. The purpose of this experiment was to compare 

dilute and concentrate spray materials under laboratory 
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conditions, keeping the amount of toxicant and other factors 

constent but varying the concentration of the spray maten- 

als. 

DISCUSSION OF CONCENTRATE AI'D DILUTi SPRAYLRS 

Many investigators use the terms dilute and concen- 

trate in referring to the two methods of spraying while 

others use the teroms low end hIgh volumes In reference to 

the amount of water rresent in the spray ixture. For 

the urposes of this present work the two former trms 

will be used. 

There ore many types of concentrote spray applicators 

ranging from small to large machines. This discussion 

however, will be conf leed to those machines which apply 

between 7 and 100 gallons of spray material per acre and 

which were developed in the Okanagan Valley of British 

Columbia mainly through the efforts of Dr. James Marshall 

of the Fruit Insects Laboratory at Summerland. A compar- 

ison between the concentrote and the conventional high 

pressure hand gun or dIlute sprayer follows: 

1. The concentrote sprayer Is designed to disperse 

concentrate sprays, thus elimianting the need of 

crrrying large volumes of water through an orchard 

as in the case of dilute sproyers. 

2. As they do not have to carry large volumes of 

water, the concentrete sprayers qre light In 



weight. The average weight is approximtely one 

ton and therefore can be pulled through orcii-rds 

by small, wheeled tractors. This is advanta;;eous 

because when heavy machinery is used in orchards 
it tends to conpact the soil. 

3. The concentrate srayer is equipted with a blower 

unit to provide an airstrem which c'rrïes the 

spray iixture into the trees. The hand gun spray- 

er, on the other hand, uses large volumes of water 

under high pressure to carry the spray material 

into the trees, 

14. The concentrte sprayer can be operated by the 

tractor driver. The hand gun sprayer usuliy re- 

quires one man to driv the trctor and two ien 

to operate the spray guns; therefore labour costs 

are considc.rably higher in the latter case. 

. Spraying operations can be ctrried out fast.r 

with the concentrate sprayers than with the hand 

gun spryer. The former can spriy an acre of 

fruit trees in 30 minutos ihereas the latter re- 

quires upwards of two hours allowing for ore Cre- 

quent filling of the spray tank. 

Because of these advantages, the concentrte sprayer 
has been widely accepted in the fruit growing areas of 

iitish Colunthia. Approximately 35 per cent of the orchard 



acreage In this region is treated with the3o new spraying 
rnchines. 

Gìrman (10, p.3!i-6) stetes thAt concentrate spraying 

is demanding !nore and iore attention among Connecticut 

orchardists today. The reason is because of the possible 
economies nvoived in view of the low profits during the 

last few ye rs. Also pertinent is the fact th:t such ma- 

chines lend themselves readily to one man oper::tion thereby 

allowirg the owner of a small orchard to do the spraying 

himself and iaking hirn nore independent of labour. 



REVIE1 OF LITTRATURE 

Considering the efficiency of controlling pests, con- 

centrate sprys, regardless of type of sprayer used, seem 

to coxnpre very favourbly with the dilute sprays. This 

is clearly shown by the conclusions of a number of authors. 

After making nunierous comparisons between the two 

methods of spraying, Marshall (13, p.29L) concluded that 

when properly adjusted and operated, concentrate sprayers 

have controlled British Columbia orchard insects and 

mites as weil 3S those pests are controlled by grower- 

operated dilute sprayers. Cutriht (8, pp.363-365) coin- 

pared two types of dilute sprayers with a concentrate 

spryer. The first two applied 20 ç,allons of spray mixture 

per tree and the concentrate sprayer applied 3 to L. gallons 

per tree. Aftr applying "DN ill" (20 per cent dinitro-o- 

cyclohexylphenol, dicyclohexylamine salt), 'eotran" (to 

per cent bis (p-chlorophenoxy) methane), parathion (2 per 

cent) and "IN L2OO" (alka-2-thiazolinyl sulfides) for con- 

trol of mites, he concluded that the ecaricides were as 

effective when applied as concentrate sprays as at normal 

dilutions. There xs no injury on any riot. In another 

experiment using a concentrate srrayer, Cutright applied 

"IN I2OO", parathion arid "DN Dry riix i.o. 1" (Lo per cent 

dìnitro-o-cyclohexylThenol) t and 10 ties the normal 

concentrnt1ms at the rate of 3 gallons per tree for the 



low concentration and at l. gallons for the high one. The 

high concentrations were very effective but not significant- 

ly more so than the lower ones. There was no foliage or 

fruit injury. 

Graham (11, p.739) compared the effectiveness of di- 

lute and three times concentrate sprays in crxtrolling 

Insects attacking peach trees. He found that both methods 

of spraying were effective under the conditions tht ex- 

isted in the orchard. In controlling codling moth (cydia 

pomonella L.) on pears, Borden (7, pp.11S-119) used a 

"Speedsprayer" to apply a concentrato spray of DDT. 

Adequate sampling of the harvested fruit showed not a 

single codling moth entry. He stated that the "Speed- 

sprayer" not only reduced tile labour and equipment re- 

quired for spraying, but also reduced the aiaterial cost 

of each apnlication to about one-eighth of that of dilute 

spraying. The amount of spray applied per tree averaged 

about two gallons. 

Asqulth (Lp, p.3Ì5) in working with mist concentrates 

found that prathion and dieldrin at four tI!Oes standard 

spray concentrations are effective as mists against plum 

curculios when applied in quantities equal to from one- 

fifth to one-fourth the amount applied as standard pressure 

sprays. Jeaver (22, p.166) found that benzone hexachioride, 

applied to legumes to give 0.2 pounds of gamma isoner per 
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acre in 37 and 100 gallons of spray mixture, gave excellent 

control of spittle bug nymphs when the foliage was as much 

as 12 inches high. The saine mixture contained in nine 

gallons of spray mixturo was less effective on tall plants. 

l3enzene hexachloride, 0.2 pounds of gemma isomer, and toxa- 

phene, l. pounds per acre applied in either dilute or 

concentrate form when the plants were less than eight 

inches high gave excellent control of spittlebug nymphs. 



PEALS, EQUIPMENT AI'D METHODS 

1. TfE SPIDER NITE, Tetranjchus bimaculatus 

Harvey 

The two-spotted spider mite was used in these experi- 

ments because it re3Jily feeds ori bean pl:nts and does not 

move around excessIvely. It feeds mainly on the underside 

of the leaf and only vary occnsioally is found on the 

urpor surface of the leaf. 

All the mites used were tie overwintering form of the 

two-spotted spider iite collected by 4r. Vern Olney at the 

Hood River, Oregon, Experimental Sttion from infested 

apple trees. On arrivl the pieces of Infested bark, on- 

closed in ice cream containers, were placed in a cool 

loc:tion. ihen they were to be used, the mites were re- 

moved from the pieces of bark by the following procedure: 

The pieces of infested bark were placed in an ßrlenmeyer 

flask which in turn was placed directly under a desk lamp. 

The mites readily crawled up to the top cf the flask near 

the light and could then be picked up ensily with a camel's 

hair brush and put on the lower side of the bean leaves. 

The overwinteririg form of the mite is a dull orange 

adult female. After feeding on the bean foliage for a 

few hours, the mite starts changing colour from orane to 

dull orange with tio large black spots on either side. 

Some chanco to the dark colcur form. The mites were 



allowed to feed for 2t. hours before they were sprayed, ex- 

cept in the first experiment in which they were not sprayed 

until seven days after feeding on the bean foliage. The 

mites wero counted immediately before spraying, and again 

30 hours after spraying. If a mite showed any symptoms of 

paralysis or other abnormalities, lt was counted as being 

dead. 

2. HOST PLANT. 

Bean plants were selected as the host plant because 

of their ese of handling and quick growing characteris- 

tics, as well as being a pint on which the two-spotted 

spider mite will readily establish itself. "Burpeet' string- 

less green pod bean seeds were dusted with "Arassn' seed 

disinfectant to counteract fungous organisms, and planted 

in a mixture of soil and sand contained in wooden flats. 

After the primary le:ves had grown, the plants were trans- 

planted to earthenware pots and left in the greenhouse 

until they were ready to be used. As only the two primary 

leaves were to be utilized, all other growth was trimmed 

off. 

3. SPRAYIiG E.UIPMEiT. 

A De Vilbiss air compressor was used to supply the 

airstreari required to carry the spray. The pressure 
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rcultor on the air co!11ossor was set to maintain a pres- 

sure between 50 and 75 pounds per square inch in the pres- 
sure tank. The spray nozzle, a De Vilbiss atomizer No. 15, 
was connected to the air coipressor through rubber tubing; 

the a±r pressure at the nozzle being held constant by a 

regulating volve placed in the air line ner the compressor. 

It was found that when the pressure regulting valve ws 
set at 15 pounds per squre inch, a very fine mist was pro- 

duced at a distance of 2L inches from the nozzle, which 

did not cause too much disturbance of the object being 

sprayed. The flow of air through the line could be stopped 

and started readily by tripping a quick acting valve which 

was located in the air line near the pressure regulating 
valve. 

After the spray material had been measured out in a 

large jur, It was thoroughly mixed by placing a small elec- 

tric stirrer in the jar. An aliquot of this mixture was 

then taken with a pipette end put in a test tube. WIth 

the le'f to be sprayed Irt place and the air turned on, the 

test tube containing the mixture was olaced so that the 

capillary tube, attached to the spray tomizer, extended 

to the bottom of the test tube. The spray mixture was 

drown up through the capillery tube into the atomizer where 

it ontcred the air stream snd was sprayed onto the target. 

Two feet tn front of the spray atomizer, a metal 
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structure was set up to hold the individual leaves in a 

vertical position while being sprayed. ThIs structure 

consIsted of two metal stands spaced two feet apart and 

connected at the tops by a metal rod. A paper clip wa 

placed on this rod immediately In front of the atOEnizer to 

hold the stem of the leaf. In order to stop the leaf from 

blowing b:ck too far when the sprayer w.s operating, a 

metal strip four inches long was fastened to, and extended 

below the paper cup. This equimcnt is shown In Figures 

i arid 2. 

Li.. ThOUGH FOR PRESRVIi'G LE!VES AFTR BEING SPRAYED. 

After the single leaves had been plucked from the bean 

plant and sprayed, some means of keeping them alive had to 

be devised. A modification of a method developed by Nr. C. 

V. G. Morgan of the Fruit Insects Laboratory at Surneriand, 
British Columbia, was used. This w.s set up as follows: A 

piece of compressed fibreboard, three-e1hths of n inch 

thick and soft enough to allow an insect pin to be pushed 

through without too much difficulty, was cut to fit snugly 

inside a shallow, squre metal trough. Insect pins were 

pushed through the fibrcboard, so that pert of the shank 

and pin point were exposed. They were arranged three 

inches ap2rt In three inch rows. The fIbrebo&-rd was then 

placed in the trough with pin points uppermost. The trough 



was filled with water and 

pi1ed on the pins so that 

well below the surface of 

lof needed support, moro 

bonrd where desired. The 

is $hown in Figure 3. 

12 

the stems of the leìvos were im- 

the bottom part of the stem was 

the water. If the tip of the 

pins were placed in the f ibre- 

trough, with lesves in position, 



Fig. 1. De Vilbiss air compressor. 



Fig. 2. De Vilbiss atomizer and apparatus for 
holding leaves while being sprayed. 



-Iw, 

Fig. 3. Trough for preserving leaves after being 
sprayed. 
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A brief description and notes on the effectivenes8 

of each of te acaricides, which were used in the er'iulsion 

fortn, are as follows: 

NALATHON- 50 per cent BIs(ethoxycc.rbonyl)ethyl dimethyl 

thiophosphate. American Cyanamid Company. 

Preliminary reports indicate that this compound has a high 

toxicity to phytophagous mites and to certain insects 

(19, p.16). Barnes (6, p.679) stated tht it showed prom- 

ising acricidal value for the two-spotted spider mite. 

Asquith (5, p.6s) stated that naLthon lias a very quick 

action against mitos. Olney (20, p.3tjì concluded that it 

gave the best resulte of all the acaricides tested on all 

species of ites. Malathon seems to be tolerted by most 

plants at the concentrations used for insect control and 

is claimed by the rnanuf2cturer to have a low order of 

toxicity to mammals compared to other members of the organ- 

io phosphate class. 

"DIMITE"- 25 per cent Di (p-chlorophenyl)ethanol. Sherwin- 

uilliams Company. 

This material is toxic to phytophagous mites and has a 

pronounced oviciclal action (19, p.7L). Barnes (6, p.630) 

found that t gave excellent control of the two-spotted 
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spider iiite. It is coripr:tively non-toxic to insects and 

manwials and can be classed as having a low phytotoxicity 

r e t i ng. 

"SUIPIIENONE"- 2 per cent p-chloroheny1 phenyl suiphone. 

Stauffer Chemical Companye 

"Suiphenone" is an acaricide with limited insecticidal 

properties but has a good residual and ovicidal activity 

on the two-spotted spider mite (19, Barnes (6, p.680) 

found that this compound gave good control of the two- 

spotted spider mite. Reynold et al (21, p.36L) found 

that it gave fair to good control of the two-spotted 

spider mite. It has a low human toxicity rating and a 

low phytotoxicity rating. 
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PRELININARY EXPR DNTB 

In the conventional method of dilute spraying, the 

foliage of a tree Is thoroughly wetted to the point of run 

off and consequently an excess of spray material is used. 

In the case of concentrate spraying, there is no drip or 

run off of spray mteria1 from the sprayed foliage because 

of the comparatively small amount of material applied. 

Therefore in order to obtain equ&ul amounts of toxicnt on 

leaves sprìyed with high voluïies as on those spryed with 

low volumes of water, an amount of material just short of 

tht required to produce run off would have to be used. 

rhis aniount was determined by spraying bean leves with 

"Dimite", one of the spray materials to be used in the 

tests. It was found that most leaves dripped after ten 

millilitres of the spr.y mixture had been applied and some 

dripped after using nine millilitres. As a result a vol- 

urne of eight millIlitres of spray material was selected 

for the dilute sprys. For the concentrate sprays, a one 

millilitre volwrie of spray material WaS selected. This 

was considered a large enough difference in volume and a 

convenient amount with which to work. Consequently, the 

concentrate spray mixtures were mado eight times as con- 

centrated as the dilute mixtures so that equal amounts of 

actual toxicant would be sprayed on the different leaves. 
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I XPER IMENTAL DES IG 

S'he experiment wcs designed to compare the dilute 

sprays directly dth the concentrate sprys. It was also 

thought it would be wise to include two treatnents with 

water alone, to determine whether there wis any effect fron 

the cold water. It is reported in Lodenan (13, p.7) that 

pure water was once recorinended to control red spider mite. 

Consequently, for each of the three acericides there were 

five treatments whIch were as follows: 

1. An acaricide diluted Ith high volume of water. 

2. An acaricide diluted with a low volume of w .. ter. 

3. An amount of water equ1 to that used in (1) bove. 

i_. An amount of water equal to that used in (2) bove. 

LE;. Control - no spraying treatment. 

Ten bean plants, which had only theIr primary leaves 

intact were used for each trertnent. Therefore, for each 

of the ten replications, two leaves were treited making 

a total of 20 leaves per tretment. 

The method of rsndomIztion was as follows: O bean 

plants were used for each acaricide, This group of 50 

plants was divided into ten groups of five plants, each 

group of five being as similnr as possible in relation to 

size, etc.. After each group had been infested with the 

two-spotted spider mit, treetments were randomized In 
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each set of five plants using the random number tables 

from Dixon and Massey (9, pp.290-29L). 

An analysis of v:rince, based on a two way classi- 
fication with multiple observations, ws carried out to 

determino if there was a significant difference between 

the five treatments. If a difference really did exist, 

the next step was to compare the individual treatments 

using single deFrees of freedom. This was carried out 

for each of the three acaricdes. 
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EXPfR IMENTAL CONDITIONS AND PROCLDURES 

DOSAGß-MORTALITY TRIALS 

Before the actual cornprisons between dilute and 

concontrxte spray ixtures could be c rried out, it was 

necessary to have some Idea of the dose re.uired to kill 

approximately O per cent of the population. This doze is 

usually referred to as the LD0. It was determined by 

spraying two,rnite infested leaves iith eDch of a number 

of ilifferent concentrtions of acaricides. The procedure 

used in counting the ites and spraying the iervcs W38 the 

seme ss thet used in the main part of the experinent. The 

results of these trials are given in tables 1, 2 and 3, 

and graphically illustrated in Figures , and 6. 
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TABLE i 

DOSAGE-NORTALITY TRIALS FOR MALATHO 

ori the two-spotted spider mite 

Concentration of Io. o. 
Maithon in p.p.m. Mites Deed Mortalïty 

600 21 21 100 
19 19 100 

300 26 26 loo 
28 23 100 

150 23 23 100 
38 33 100 

75 29 29 100 
31 31 100 

L0 33 33 100 
13 100 

20 60 52 87 
2L1 21 88 

10 53 52 93 
60 53 38 

5 53 l 71 
32 2L1. 75 

1 22 11 50 
2L. 11 53 

0.5 97 .0 

33 37 39 

Control 23 0 0 
20 0 0 

Fron the results of these trials, ari approximate 

LD50 of 1 part per millIon tozas selected. 
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TABLE 2 

DOSAGE-I4ORTALI1Y 2 IALS FO "Dfl4ITß" 

on the two-spotted spider mite 

Concentration of Io. No. 
"Diiriite" in p.p.m. r1ites Dead Norta1it- 

loo 19 18 95 
22 22 100 

7; 26 17 65 
23 25 89 

so 20 12 60 
27 17 63 

25 19 6 32 
28 12 L3 

10 20 5 25 
23 6 26 

1 18 2 11 
2L. 8 33 

Control 19 1 5 
23 0 0 

50 parts per i11ion of ?fDimitett was selected as 

an ap"roxi]mìtion of the 
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TABLE 3 

DOSAGE-MORTALITY TR IALS FOR " SULPHENOE" 

on the tiro-spotted spider riite 

Concentr.tion of o. 1'o. 
"Suiphenone" in p.p.m. Mites Dead Mortality 

700 93 78 3L 

7L 60 81 

500 i4i 3L. 77 
6L 51 80 

300 25 
58 35 60 

200 35 7 20 
27 11 lii. 

150 L6 11 2L. 

33 12 36 

100 30 13 
L4 1L 32 

50 3). L. 12 
56 13 23 

i 12 1 10 
L3 6 1t. 

Control 52 0 0 
L5 3 7 

From the results of these trLìls, a concentration 

of 300 parts per million was considered an approximrtion 

of the LD50. 
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HIGH VOLUME SPRAYS VRSUS LO:J VOLUME SPRAYS 

T'ie spraying procedure used for all acaricides as 

essentially the saine. The infested bean plints were se- 

lected by 'the rsndomization method discussed above. After 

tne rjte5 on the leaf had been counted, the leaf was 

sprayed and placed on a pin in a trough of water which 

was described under a previous section. A thermocraph 

ws set alongside the trough to record temperature 

conditions from the time the leaves were sprayed until 

mortality records were taken. Records of the per cent 

relative humidity directly over the trough wore made 

using a bulb type psychrometer. 

EXPERIMENT 1. -NALATHON 

The concentrations of this acricide used for the 

dilute and concentrate sprrys were one nd eight parts per 

million, respectively and the volume of spray applied was 

eight mIllilitres for the dilute and one millilitre for the 

concentrste spray. Replicotes one to five for all treat- 
monts were sprayed on January il, l93. The temperature 

for the post spraying period stayed fairly constant at 

83 deees Fe. The reLitive humidity was L per cent. 

Replicates six to ten were spr:yed on Januery 12. Temper- 

atures for this set of treatments averaged 35 degrees F. 
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with a relative humidity of L3 per cent. In tuis expon- 

ment the two-spotted spider mite fed for one week before 
they were sprayed, whereas in the other two experiments 

they were allowed to feed for only one day. 

EXPR IMiT 2.- "DIMITE" 

This acaricide w!s used at eight millilitres for the 

dilute and one iil1ilitre of LOO parts per million for the 

concentrate sprays. replicates one to five were sprayed 

Januey 2o. The average temperature was 36 derrees F. 

with a r'elattve humidity of LiO per cent. Replicates six 
to ten were sprayed Janwry 31. The averg,e temperature 
was 87 derces F. with s reistive humidity of iO per cent. 

EXPERIMENT 3.-" SULPIIENONE" 

"Suiphenone" ws applied st the rste of eight muli- 
litres of 300 parts per million for the dilute and one 

millilitre or 2LOO parts er :iillion for the concentrate 
sprays. Replicates one to five were sprayed on Mrch 23. 

The averace temporatui'e for the post spraying period was 

30 deßrecs F. with a relativo humidity of L2 per cent. 

Replicates six to ten were sprayed April . The tempera- 

turc for this perioJ av. » d 73 degrees F. with a reln.tive 

humidity of 39 per cent. 
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RESULTS 

The results oit' these exporinents using trie acrríc1des 

malathon, "Dirite" and 'tßulphenone" are given in tables L, 

and 6. The results of the statistical analysis of each 

experiment follows their respective t'bles. 



3). 

TABLE 14. 

Experiment i 

Treatment i Treatment 2 
Malathon Malathon 
i p.p.ì11. 8 ml. 8 p.p.m. i mi. 

Rep. No. No. % I'o. 1o. 
Io. of of mor- of of mor- 

mItes dedta11ty mites dead tality 

:i 29 2L 83 29 9 31 
O 3o 72 32 12 37 

2 16 12 75 2). 7 33 
15 9 60 21 12 57 

3 17 12 71 10 7 70 
14.0 22 55 12 14. 33 

14. 
20 13 65 26 7 27 
20 114. 70 20 9 145 

5 71 14.6 65 50 114. 28 

143 214 56 14.2 214. 57 

6 L6 19 14.1 62 22 35 
55 27 149 514. 114. 26 

7 37 214. 65 22 13 59 
27 18 67 12 6 

3 5]. 37 72 18 33 
14.14. 23 52 14.2 7 17 

9 14i.. 7 16 55 17 31 
14.). 21 51 38 6 16 

10 37 10 27 36 7 19 
36 19 53 52 10 19 



32 

TABLE L (contInued) 

Experiment i 

Treatment 3 
water 8 ml. 

Rep. No. No. 
No of of mar- 

mites dead tality 
1 21 2 9 

19 3 16 

2 19 6 32 
20 7 35 

3 21 1 5 
16 35 

[. 23 3 13 
27 I. 15 

5 69 9 13 
LL 3 7 

6 52 11 21 
60 9 15 

7 L2 7 17 

27 6 22 

8 L7 11 23 
16 30 

9 56 9 16 
I1 13 29 

10 0 5 12 
37 6 16 

Treatment LI *ter i ml. 

No. iO. 
of of mor- 

mites dead tality 
27 8 30 
20 S 25 

20 5 25 
20 S 25 

19 2 10 
26 3 11 

19 0 0 
15 1 7 

23 17 
25 16 

52 1 2 

7 15 

19 5 26 
10 0 0 

39 6 15 
31 13 

L9 6 12 
60 11 1.3 

58 io 17 
26 2 3 
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TABLE L. (concluded) 

Experiment i 

Treatment S 
No treatment. 

Rep. No. No. 
No. of of mor- 

mites dead tality 

i L12 O O 
1 2 

2 3Lj 2 6 
13 j. 8 

3 13 0 0 
31 0 0 

37 3 8 
16 1 6 

5 21 2 9 
59 3 5 

6 56 7 

15 6 13 

7 30 1 3 
I1 i 2 

8 L8 1 2 
56 1 2 

9 140 2 5 
142 3 7 

10 38 2 5 
35 1 3 
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STATISTICAL ANALYSIS OF EXPERIìN'P 1. 

An analysIs of vriance of the results of Experiment 1. 

using malathon showed a highly significant difference be- 

tieen the treatments. The total treatment sums of squres 

from the analysis of vurlance was broken down to single 

degrees of freedom to compare the indIvidual treatments 

as shown below, 

Sum of Degrees of Mean 
Treatment Sguares Freedom Square F 

tPotal treatment 3,lI4.2 L 3,878.6 9.714. 

Treated vs. control 11,979.3 1 11,979.3 129.17 

Nalathon vs. water 13,2.8 i 18,452.8 193.97 

Malathon - 
dilute vs. concentrate ),33L1..1 1 L,33L.i 2.66 

dater - 
high vs. low volume 198.0 1 19'3.O 2.lL 

4oter vs. control 1,976.L. i 1,976.Lt. 21.31 

The error mean square from the analysis ol' víriance, 

equal to 9.7L with 0 degrees of freedom, was the denom- 

inator used to ca1culte the F value. If this value was 

greater than L.O3 it was significant at the five per cent 

level. 
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TABLE S 

Experiment 2 

Treatment i Treatment 2 
"Dimite" "Dimite" 
50 p.p.m. 3 mi. LOO p.p.m. i nil. 

Rep. o. No. Lo. No. 
No. of of mor- of of mor- 

mites dead tality mites deed ta1ty 

1 19 10 53 2L. 17 71 
17 3 50 15 10 67 

2 17 8 t7 19 12 63 
26 1L 5t. 26 22 35 

3 23 20 87 25 16 6L. 
18 1L 78 29 21 72 

i. 37 iO 27 21 16 76 
2Lj 12 50 22 16 73 

5 2t. 12 50 22 11 50 
25 13 53 22 7 32 

6 26 19 73 30 17 57 
22 13 59 L3 25 58 

7 21 11 67 36 31 86 
29 21 72 31 26 8L. 

3 20 12 60 20 17 85 
15 9 60 26 20 77 

9 20 1L. 70 25 19 76 
18 1)4. 78 23 20 87 

10 23 19 83 21 11 52 
16 13 81 23 13 57 



TAk3LE 5 (continued) 

xperiment 2 

Trectment 3 
dater 8 ml. 

Rep. 
No. 

No. 
of 

Lutes 

No. 
of 

dead 
mor- 
talit 

1 17 6 3 
18 22 

2 2)4. 1 
16 25 

3 26 )4 15 
15 3 20 

14. 21 2 10 
25 5 20 

5 22 0 0 
18 0 0 

6 29 15 52 
18 8 L4 

7 25 5 20 
33 12 36 

8 21 10 L8 
2L 7 29 

9 17 3 13 
26 10 33 

10 19 9 
19 5 26 

Treatment L 

dater 1 ml. 

No. No. 
of of mor- 

mites dead tlLt 

3L1. 2 6 
16 2 12 

19 0 0 
20 1 5 

7 39 
2L L. 17 

29 0 0 
30 0 0 

21 2 10 
22 3 1L. 

2 1L 

25 3 12 

27 Lj. 15 
25 3 12 

20 7 35 
29 3 10 

28 10 35 
19 6 32 

20 8 
23 11 
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TABLE (concluded) 

Experiment 2 

Treatment 
10 tren trient 

Rep. 
No. 

Lo. 
of 

mites 

Lo. 
of 

dead 
mor- 

tc.1it 

1 17 3 18 
J3 1 8 

2 21 1 
16 31 

3 20 2 J-C 

2L 2 3 

17 0 0 
27 0 0 

23 0 0 
22 1 

6 35 3 20 
20 2 10 

7 2L. 17 
21 lj. 19 

8 22 23 
19 2 11 

9 20 3 1.5 

28 3 u 
10 21 2 10 

21 1 .5 



STATISTICAL ANALYSIS OF EXPERDNT 2. 

An analysis of variance 

2. using "Dimite" showed a h 

between the treatments. The 

squa'es from the analysis of 

single degrees of freedom to 

ments IS shûwn below. 

33 

of trie results of íxperiaent 

ìghly significant difference 

total treatment suis of 

variance was broken down to 

compare tie individual treat- 

Suri of Degrees of Mean 
Treatment Squares Freedom Square F 

Total tre:tnent 56,327.7 Lj. lL,O3l.9 59.12 

Treated vs. control l6,7Lt.L. i l6,7LJ4.L4. 70.30 

"Diiito" vs. water 38,632.1 1 38,632.1 162.20 

"Dimi tet' 
dilute vs. concentrate 366.0 1 366.0 

'Jater - 
high vs. low volume 535.2 1 535.2 2.L6 

dater vs. control 1,L35.2 i l,L35.2 6.03 

The experimental error rucan square, equal to 233.13 

with 36 degrees of freedom, s the denominator used to 

calculate the F. value. If this value was greater than 

4.l0 it was signif1cnt at the five per cent level. 
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TABLE 6 

ExperIment 3 

Treatment i Treatment 2 
" Sul r'henone ' " Suiphenone" 
300 p.p.m. 8 ml. 2LO0 p.p.m. i ml. 

R ep o . o . % No . io . 
No. of of mor- of of mor- 

mites dead tality mites dead tality 

i i8 9 0 31 16 
27 19 70 26 lIj. 5L. 

2 19 9 i-i-7 16 12 
22 7 32 33 11 33 

3 21 10 L8 21 L 19 
lL S 36 22 12 

i-I- 17 29 19 6 32 
1 33 17 6 3 

20 13 uS 17 2L. 
21 9 L3 23 5 35 

6 2 23 55 35 21 60 
L3 22 51 39 29 7L1. 

7 28 16 S7 63 36 57 
13 30 19 ii 

8 39 13 33 26 
21 37 L7 23 L1.9 

9 32 22 69 28 8 29 
33 lìi 2 30 i8 60 

10 ¡42 2L. 57 66 Lo 61 
)4. 25 57 7 29 62 



TABlE 6 (continued) 

Experiment 3 

Treatment 3 
Áater 8 ml. 

Rep. No. No. 
No. of of mor- 

mites dead tality 

1 19 7 37 
19 5 26 

2 18 1 6 

19 8 i2 

3 15 6 
20 2 10 

L. 27 6 22 
2t 5 21 

5 21 3 
23 3 13 

6 50 9 18 
33 3 8 

7 29 8 28 
1L 1 7 

8 39 3 8 
62 7 1]. 

9 2( 2 8 
28 6 21 

10 t3 9 19 
66 11 17 

Treatment II 

Jater i ml. 

No. No. 
of of mor- 

mites dead tality 

32 
14. 12 

23 17 

23 2 9 
26 3 12 

22 2 9 
19 

14. 
23. 

18 5 20 
19 3 16 

26 3 12 
28 

14. 114. 

614. 6 9 
14.7 5 11 

144 3 7 
314 1 12 

L7 9 19 
144 8 13 

33 14. 12 
31 2 6 

39 7 18 
145 9 20 
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TABLE 6 (concluded) 

Experiment 3 

Treatment S 
No treatment 

Rep. iO. Lo. 
No. of of mor- 

mites dead tality 

1 16 2 12 
23 3 13 

2 2S 2 8 
2I 1 L. 

3 21 0 0 
is o o 

16 1 6 
22 2 9 

S 22 2 9 
27 2 7 

6 28 2 7 
30 2 7 

7 2t. O O 
21 1 

8 65 3 
Si O O 

9 29 0 0 
O O 

10 31 0 0 
17 0 0 
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STATIST I CAL A1 LYS IS OF EXPR INENT 3. 

An analysis of variance of the percentage mortality 

of Experiment 3. using 'tSulphenone" Indicated a highly 

significant difference between the treatonts. The total 

treatment sums of squares from the analysis of variance 

was broken down to single degrees of freeIo to compare 

the individual treatments as shown below. 

Tre n trient 

Total treatment 

Treated vs. control 

vs. water 

"Suiphenone" - 
dilute vs. concentrate 

Water 
high vs. low volume 

dater vs. control 

Sum of Degrees of Nean 
Squares Freedom Square F 

32,553.9 8,133.5 75.35 

12,25L.5 i 12,25.5 134.20 

2O,O3.t. i 20,03Li.L 136.70 

1i4.1 i ¿3I4.1 O)4.0 

220.9 1 220.9 2.10 

1,872.3 1 1,372.3 17.L5 

The error mean squre, equal ta 107.30 with So degrees 

of freedom, was the denomInator used to calculate the F 

value. If this value was greater than L.03 it was signif- 

leant at the five per cent level. 
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DISCUSSIOi OF RESULTS 

The results of two oxperinients using tie &caricidos 

"Dimite" and "Suiphenone", indicated that there was no 

significant difference in the toxicity of the dilute and 

concentrate acaricidal sprays to tie two-spotted srider 
mite. These results agree with most of tìe field work 

which has been done comparing dilute and concentrate spray 

mixtures, 1though the publtshed works dea]. with Insecti- 
cides and aciric1des other than the ones emp1yed in these 

experirrtents. Nalathon as more effective when applied as 

a dilute than as a concentrate spray. The difference in 

effectiveness between the concentrations, a1thugh statis- 

tically significrnt, was not very great and probably would 

not be noticeable if the experinent was carried out under 

field conditians. 

In comparing the two volumes of watír containing no 

ac"ricide, it was found that the differences in the per 

cent iortality of the tite, between high and low volumes, 

was not significant. This was true in all three experi- 

rnents. However, when these two treatments were coripred 

to the control where no sprys were applied, there was a 

significant difference in the per cent mortality. The 

nn.tural mortality in Experiment 2. was higher than in the 

other two experiments, but this .J?.s probably due to the 



higher temperatures which existed in the room when that 

particular experiment was carried out. As a result of this 

higher temperature soie of the leaves wIlted slightly in the 

troughs before the aortlIty counts were made. 

Since the LD0 triels were not designed to compare 

the effectiveness of the individual acaricides and were 

not carried out at the snìe time, an accurate estiiiete of 

the comparative effectiveness of the three acaricides 

cannot be made. The differences in the LDSO5 of the acari- 

cides used, were so great, however, that malathon can be 

classed as the most toxic to the two-spotted spider mite, 

with "Dimite" and "Sulphenoiio" ranking second and third, 

respectively. 
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SUIiIÄRY Ai'i) CONCLUSIOLS 

Three experiments, using three different acaricides, 

were carried out to determine the effect of dilute and 

concentrate snray materials. Each experiment consisted 

of five tretnients which were as follows: 

1. An acarlcide with high volume of water. 

2. An acaricide with a low volthme of water. 

3. An amount of wte1' equal to that in (1) above. 

. An amount of watr equal to that in (2) above. 

. Control - no spray treatent. 

In the two experiments with "Dimite" and "Suiphenone", 

there was no difference in the per cent mortality of the 

two-spotted spider mito when dilute and concentrato spray 

materials were used. However, when mal'.thon was used as 

the acaricde, the dilute sprry gave a higher dej'ree of 

control than the concntrate spray. Considering all five 

conditions of the three experiments the folinwing general 

conclusions can be drawn: 

1. The first four treatments analyzed as a whole 

showed a higher mortality than the control. 

2. The two acaricidal treatments gave a higher 

der'ree of control than the two treatments using 

water alone. 

3. Where water was used alone, a higher mortality 
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of the iite îas obt1ned than where there was no 

treatment. 

14.. 1here water ws u.d alone, there was no signifi- 

cent difference between the per cent mortality 

of the mites on those leaves treated with the 

high and on those with the low volume of water. 
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