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ABSTRACT 

Overtree sprinkler irrigation systems were tested as a physical control 

against 3 species of orchard mites on apples. The mite species were . 
the McDaniel spider mite, Tetranychus mcdanieli McGregor, the European red 

mite, Panonychus ulmi Koch, and the apple rust mite, Aculus schl.echtendnli 

The investigation was started in 1968 in a commercial apple orchard near 

Yakima, Washington and was continued in 1969 at the Canada Department of 

Agricultural Research Station at Summerland, B.C. Three types of experiments 

were carried out. They were: (1) detached-leaf experiments, (2) small plot 

field tests, and (3) commercial orchard trials. The mites were counted before 

and after each sprinkling in order to estimate the number of mites washed from 

the foliage. The commercial orchards were sampled for mites throughout the 

season. 

The greatest degree of control was against the McDaniel spider nL4ie. 

Active stages and eggs of this species were easily washed from upper leaf 

surfaces but control was much poorer against mites and eggs on lower leaf 

surfaces. Sprinkling did not control high populations of the McDaniel spider 

mite but prevented low populations from reaching damaging levels for a 6 week 

period when sprinkled every 10 days. Overtree sprinkling kept McDaniel spider 

mites at a low level in the commercial orchard in 1968 while populations 

reached damaging levels in a non-sprinkled portion of the same orchard. 

Sprinkling was less effective against populations of the European red 

mite. Although active st:~ges of European red mites were reduced, many adults 

escaped by emigrating from upper to lower leaf surfaces. Eggs of the European 

r e d  mite were not washcd from the leaves. There was no difference in the rate 
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of iricrcnae of Europe:: red mite populations on sprinkled and non-sprinkled 

trees over a 6 week period in small test plots. There were fewer, but still 

damaging numbers of European red mites in overtree sprinkled portions of 2 

commercial apple orchards tlkn in non-sprinkled portions in the same orchuds. 

Apple rust mites were suppressed by sprinkling in 3 commercial apple orchards 

but this mite species was not studied in detail. 

Sprinkling did not affect the development of populations of predaceous 

phytoseiid mites, chiefly !tJpJ1l oc'rov3~s occidc~~italis Nesbitt. Furthermore, 

sprinkling did not reduce their effectiveness as predators. But the presence 

or absence of phytoseiid mites was more important in regulating the popula- 

tion density of the McDaniel spider mite than was overtree sprinkling. 

In limited tests, high rates of water application controlled European 

red mites better than standard rates of application and immature stages were 

more easily controlled than the adult stage. The major factor limiting the 

effectiveness of overtree sprinkling as a physical control for orchard mites 

is the seasonal distribution of mites on upper and lower leaf surfaces. Mites 

on lower leaf surfaces were not greatly affected by sprinkling, even after 

prolonged irrigatlons. 
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1. INTRODUCTION 

Ob,jec%ives and Scope of Studx 

The objective of this research project was to investigate to what extent 

water, when applied with overtree sprinklers, may act as a physical control 

agent for orchard mites, either causing death by "battering" or by physically 

displacing the mites from foliage of apple trees. This method of mite con- 

trol is cheap because orchards are presently irrigated with overtree irriga- 

tion systems. I have shown that sprinkling is an effective method of control 

for the McDaniel spider mite. Sprinkling also suppresses populations of the 

European red mite and apple rust mite. Consequently, the need for acaricide 

applications is reduced. This results in direct savings in material and 

application costs. Fruit finish is improved because the amount of visible 

pesticide residue on the fruit is reduced. As there is less need to apply 

4 

phytotoxic acaricides to control the mites the risk of fruit and foliage 

injury from spray materials or combinations of materials is lessened. Fewer 

pesticide applications also lessen the selective pressure for resistance in 

populations of mites and other injurious pests. There is reduced exposure to 

persons applying chemical pesticides, less contamination of fruit with 

pesticide residues and less environmental pollution. 

Mites infesting fruit trees indirectly affect the color, size, and quality 

of the fruit and can influence fruit bud set for the following sezson. The 

mites cause damage to the foliage by inserting their stylets into the leaf 

and extracting the cell contents. Symptoms of leaf damage vary accordin;: to 

the species present. Infested leaves become mottled in appearance followed 

by loss of green color, and finally, bronzinl:. If infestations :ire hi@, the 



leaves turn yellow and may drop. All varieties of apples are attacked, but 

some varietieo, such as Red Delicious and Golden Delicious, are more sus- 

ceptible to injury than otheps. 

Economic injury levels have not been firmly established for phytophai:ous 

mites on apples. The degree of damage mites cause depends upon the time of 

year the infestation occurs, duration of the infestation, weather conditions, 

and vigor of the trees. In chemical control programs threshold levels were 

often very low. In recent years, with the development of integrated mite 

control programs, threshold levels for mites have been raised considerably. 

This is discussed in more detail later in this manuscript. 

2. THE MITE PROBLEM IN NORTHWEST ORCHARDS 

a. Biology of Orchard Mitcs 

Three species of phytophagous mites and a predaceous phytoseiid mite 

were studied. The phytophagous species were the McDaniel spider mite, 

Tetranvchus mcdanieli McGregor , the European red mite, Panongchus ulmi (~och) , 

and the apple rust mite, Aculus schlechtendali (~ale~a). The phytoseiid 

studied was Tgphlodromus occidentalis Nesbitt. 

The McDaniel spider mite has often been confused with the Pacific mite, 

Tetrangchus pacificus McGregor. Since the Pacific mite is not found in apple 

orchards in Washington and British Columbia, the species referred to in ear- 

lier literature was probably 2. mcdanieli. Several scientific names have 

been used for the European red mite. From 1912 until 1352 it was known as 

l':~r.r~t,etrorrycl.n~:: pilosus (can. and ~ranz.). From 1952 to 1956 it w:ls c:illed 

M~l.:~tetr:lnychun uln~i (~och) and since the latter date, Panonychw ulmi ( ~ o c h ) .  



3. 

he app le  r u s t  mi te  i s  known a s  e i t h e r  V a s ~ t e s  sch1echtcnd:il i  ( ~ n l . )  o r  

s c h l c c h t e n d n l i  but  t h e  l a t t e r  i s  more widely accepted.  

. 
McDanitl s p i d e r  mi te  

The Mcnnnicl s p i d e r  mi te  i s  t h e  most s e r i o u s  mi te  p e s t  of app le s  i n  t h e  

South Okanagan of B r i t i s h  Columbia and t h e  app le  growing a r e a s  of Eas t e rn  

ashington.  The mi t e s  overwinter  a s  orange-colored females  beneath t h e  bark 

s c a l e s  of t h e  t runk  and s c a f f o l d  limbs of t h e  t r e e  and i n  t h e  r e f u s e  a t  t h e  

base of t h e  t r e e s .  Upward movement of t h e  mi te r  begins i n  l a t e  March and 

cont inues  through A p r i l  ( ~ o ~ t  1962). A s  t h e  females  begin  t o  f eed  t h e  t y p i c a l  

orange c o l o r  of  t h e  overwinter ing  forms d i sappea r  and t h e  mi t e s  become l i g h t  

t o  dark  g reen .  Under f avo rab le  environmental cond i t i ons  they begin t o  l a y  

t h e i r  eggs w i t h i n  a  few days a f t e r  t a k i n g  on t h i s  g reen  co lo r .  Both males 

and females  develop from t h e  eggs of t h e  overwinter ing  females ,  which i n d i -  

c a t e s  t h a t  a t  l e a s t  some of t h e  overwinter ing  females  a r e  f e r t i l i z e d  i n  t h e  

I n  a d d i t i o n  t o  t h e  egg s t a g e ,  t h e r e  a r e  f o u r  a c t i v e  s t a g e s  i n  t h e  l i f e  

cyc l e  of t h e  McDaniel s p i d e r  mite .  These a r e  t h e  l a r v a ,  protonymph, deuto- 

nymph, and a d u l t .  Between each a c t i v e  s t a g e  t h e r e  is an  i n a c t i v e  o r  qu ie scen t  

According t o  Nielsen (1958) 7.7 days a r e  r equ i r ed  t o  complete development 

a t  90•‹ F. and an  average of 119 eggs a r e  depos i t ed  pe r  female. Webster (1948) 

found t h a t  t h e  McDaniel s p i d e r  mi te  (= 2. p a c i f i c u s  ~ c ~ r e g o r )  depos i ted  an 

average of 150 eggs p e r  female du r ing  a  5 t o  6 week per iod  and t h a t  up t o  10 

cene ra t ions  were produced i n  1940 tiear Wenatchee, Washington. The mi tes  a r e  

{:recarious and s p i n  a  g r e a t  d e a l  of webbing i n  which t h e  egen a r e  susperded 

and which o f f e r s  some p r o t e c t i o n  f o r  t h e  young mites .  



I11 the absence of predators the development of McDnniel spider mite 

populations pmceeds rapidly during late June, July, and early August and 

maximum density is reached Y n  mid-August or early September. A gradual 

decline in the population occurs during late August, becoming more rapid 

during September. Overwintering forms may appear in the first generation 

but the peak population of overwintering forms occurs from mid-August to 

October. 

European red mite 

Unlike the McDaniel spider mite, the European red mite overwinters in 

the egg stage on spurs and twigs of the trees affected by the mites during 

the summer months on apples. The eggs start hatching abcut the middle of 

April, just before the blossoms open. The hatching of all the winter eggs 

is usually completed within a week or 10 days. Like the McDaniel spider mite, 

there are five stages in the life cycle of the European red mite. According 

to Newcomer and Yothers (1929), about 20 days are required to complete the 

life cycle and adult females generally deposit from 20-24 eggs over a period 

of approximately 11 days. An average of six generations are produced in a 

year. 

Populations of European red mites occur in distinct stages during the 

first generation with practically no overlapping of active stages. After 

about June 1, generations begin to overlap with various stages present, and 

during warm seasons mites from three different generations may be present at 

one time during the remainder of the season (~ewcomer and Yothers 1929). 

The population density increases slowly during May but a rapid increase 

occur3 during June. In Washington, peak popu1:ltionu occur from late June to 



mid-July ( ~ o ~ t  1969b). A rapid decline in density occurs following thr peak, 

This decline commonly called "the August decline," is also an mnual occur- 

rence in sprayed orchards ifi British Columbia (~nderson and Mort~an 1358). 

Deposition of winter eggs usually begins about the middle of August and 

continues until cold weather kills the mites or causes the leaves to drop. 

Unlike McDaniel spider mites, European red mites are not gregarious and 

do not spin copious amounts of webbing. Summer eggs are attached to the leaf 

surface (Beament 1951), rather than suspended in webbing as are McDaniel 

spid~r mite eggs. Some webbing is spun during summer dispersal actiyity of 

the mites (cutright 1963). 

Apple Rust Mite 

Little is known about the biology of this species. The mites overwinter 

as adults in colonies behind the buds or in crevices in the bark at the base 

of buds    ads en and Arrand 1966). The ovc. :rintered forms emerge in late 

March and early April and congregate on the exposed green tissw of the buds. 

As the leaves expand the mites are found predominantly on the undersurface of 

leaves. As populations increase an increasing percentage of the mites are 

found on the upper surfaces of the leaves. Populations of apple rust mites 

can develop quite rapidly during the early season. Peak populations in 

excess of 2000 per leaf have been reported ( ~ o ~ t  1969b). They become most 

numerous in May and June and normally decline in July and August under the 

influence of high temperatures. In late summer the mites move to the buds 

to spend the winter. 



hlod~~omus occi.dcnl;alis - 
There is no common name for this 

6 .  

species. The mites overwinter as ndult 

females primarily in the tr*aSh at the base of the tree but some are found 

under bark and in other protected spots on the tree. The females emerge 

during late March and in April and move to the developing buds. The first 

generation eggs are deposited on the flower parts or on the underside of the 

leaves. By early May, and throughout the remainder of the season, the major- 

ity of the mites are found on the undersurface of leaves near the midvein. 

When populations of McDaniel spider mites are high, 2. occidentalis can also 

be found under the webbing on the upper surface of the leaves, on the bark, 

in the calyx end of fruit or in any area where McDaniel spider mite colonies 

are found ( ~ o ~ t  and Retan 1967). 

The stages of development of 2. ~ i d e n t a l i s  are the egg, larva, proto- 

nymph, deutonymph, and adult. The average developmental time from egg to 

adult is 6.3 days at 750 F. when fed on Tetrangchus urticae Koch and labora- 

tory and field observations suggest that there are at least 10 generations a 

season ( ~ e e  and Davis 1968). 

The population density of 2. occidentalis tends to follow changes in 

density of prey populations. Laing (1969) showed that the intrinsic rate of 

increase of Metaseiulus occidentalic (= g. occidentalis) is larger than that 

of the prey 2. urticae, a factor favoring biological control of the prey 

species. Although 2. occidentalis will feed on the European red mite and 

apple rust mite, the McDaniel spider mite is the preferred food source. When 

the density of the McDaniel spider mite population increases in July and 

Au(:ust the numerical response of the predator population is rapid and complete 



destruction of the prey population soon follows. 

Hoyt (1969b) showed that European red mite populatioiis are little . 
affected by 2. occidentalis in the early season and that 2. occidentalis 

 population^ are little affected by the presence of European red mite popula- 

tions. The presence of apple rust mites assures a continuing food supply for 

T. occidentalis when other sources of food are absent but the predator is - 

incapable of regulating the density of this species at high population levels. 

T. occidentalis leave the foliage in September and seek overwintering - 
sites, though many remain on the foliage and are apparently lost when the 

leaves fall. 

b. History 

Prior to World War 11, orchard mites, although at times troublesome, 

occupied a minor status as crop pests. The mite problem intensified with the 

introduction of DDT in 1947 (~ebster 1948), and subsequently becrae more 

serious due to the development of resistance to acaricides that initially 

controlled the mites  o own in^ 1954, Hoyt and Harries 1961, Hoyt and Kinney 

1964, and Hoyt 1966). By 1966 in many apple orchards in Washington and 

British Columbia the McDaniel spider mite had become highly resistant to most 

registered acaricides (~ohnson 1966). 

Preliminary investigations into a possible new approach to the mite 

problem were begun in British Columbia by Anderson and Morgan (1958) and 

A-rrand and Downing (1966 and 1969) and in Washinf:ton by Hoyt (1965 and 1969). 

Thc results of these investifptions led to the developmvnt of an integr~ited 

mife control program which combines biological control of phytophagous oites, 



chiefly by the predator mite 2. occideritalis, with chemical control of all 

other pests  owning anti Arrand 1968, IIoyt et nl. 1969). 

The McDaniel spider miie is the primary target of the integrated control 

program. When McDaniel spider mite populations begin to develop during the 

warm weather of July, 2. occidentalis responds to this increased food supply, 

but the length of'time required for control of mite populations is determined 

by the distribution of the predators and the weather conditions. A prolonged 

period of hot weather wilt favor the McDaniel spider mites over the predators 

and extensive foliage damage may occur. Under these conditions it is neces- 

sary to apply a corrective spray of a selective miticide to help improve the 

balance in favor of the predators. Population levels of mites that may cause 

excessive foliage injury are called "critical population levels." Although 

critical levels were established rather arbitrarily they serve as guidelines 

for the practical application of integrated mite control (~ohnson 1968, 

Arrand 1970). An average of 15 to 20 McDaniel spider mites per leaf is 

considered a critical population level. Once the predators gain control of 

the situation the McDaniel spider mite population will decline to very low 

levels. In the absence of an altern:,te source of food, populations of 2. 

occidentalis will also decline to a low level. This gives rise to a cyclic 

predator-prey relationship, If apple rust mites are present as an alternate 

food source this cyclic pattern does not occur. Thus, non-damaging popula- 

tions of rust mites are desirable to assure survival and to support high 

populations of predators. Apple rust mites occasionally reach excessive 

populations. Control measures must be applied when this,occurs. An average 

of 200 to 300 rust mites per leaf during July or August is a critical popula- 

tion level, particularly if populations are increasing. 



European red mite populations :ire little affected by predation by 2. 

occidentalis in the early season but low populations of European red mites . 
are often controlled in the late season by the predator. An average of 5 

or more European red mites per leaf during May, June or July is a critical 

population level, 

The extensive reduction of populations of McDaniel spider mites in the 

integrated control program has so far not allowed the European red mite to 

become a serious problem as long as effective prebloom controls are.applied 

annually. 

About 8000 acres of apples in Yakima County, Washington were under inte- 

grated control programs in 1966 and practically all apple growers in the area 

were using this method of control by 1967 (~udson 1966 and 1967). A similar 

pattern of adapteLion is taking place in fruit areas of North Central Wash- 

ington and of Southern British Columbia. 

c. Irrip- ! ion Practices 

The mean annual precipitation is low in the fruit growing district of 

Southern British Columbia and Eastern Washington, ranging from 6.4 inches in 

the Lower Yakima Valley to 11.47 inches at Summerland, B.C. Consequently 

supplemental water must be applied during the growing season ( ~ ~ r i l - ~ e ~  tem- 

ber). The amount of irrigation water applied varies according to the latitude 

and soil texture but normally ranges from thirty to forty acre-inches annually 

(~ilcox and Brownlce 1961, Jensen et al. 1962). 

Most orchards were irrigated by furrows until about 1946 when undertree, 

portable sprinkler systems began to replace the furrow system of orchard 



irrigation. By 1353, 50$ of the irrigated lands in the Okanagan Valley were 

sprinkler irrigated (~ilcox 1953). At the present time, practically all 

orchards in the South Okana&n of British Columbia and a large percentage of 

Eastern Washington orchards are sprinkler irrigated. 

Sprinklers are :iormally operated for 12 or 24 hour periods, and safe 

intervals between sprinklings range from 5 to 30 days depending on depth of 

soil and texture. The amount of water applied in each irrigation period can 

range from 1.80 to 4.94 inches, depending on soil depth and texture (~ilcox 

and Brownlee 1961). 

Overtree sprinkler systems have been in use for thirty years or more in 

a limited number of apple orchards in North Central Washington and the south- 

ern Okanagan Valley in British Columbia. Overtree irrigation systems differ 

from conventional undertree sprinkler systems in that the sprinkler heads are 

placed on tall risers. The water from the sprinklers sprays over the tree 

tops wetting the entire tree in addition to wetting the orchard floor. They 

may be of two types; either solid-set, permanent systems or portable tripod 

systems. But these systems only came into widespread use in the last two or 

three years. Economics, fear of disease, and other cultural problems ( ~ a r l e ~  

1930, Overley 1930, Wilcox 1955, Wilcox and Brownlee 1961) prevented the 

adaptation of these systems to orchards on a large scale. 

Increasing scarcity of orchard labor to handle conventional methods of 

irrigation, plus the development of new, cheaper materials such as polyvinyl 

chloride pipe, has only recently made it economical for orchardists to install 

permanent overtree sprinkler systems. The newer orchards, which are using 

denser plar, tingo of dwarf and semi-dwarf trees, and hedgerow-type plant inga , 
ro:tke it very difficult to move conventional, urldert,oe portable sprinkler 



systems. Distribution of water is poor in dense plantings with undertree 

sprinklers. Consequently solid-set, overtree sprinkler systems have been 

installed in many of these orchards. 

Although overtree sprinkler systems are being installed primarily for 

orchard irrigation, additional uses have been investigated. These include 

frost protection (Cordy 1966, Schultz 1?66), summer cooling (woodbridge 1968), 

and the application of pesticides (platter 1962, LieFster 1966). 

Influence of Rainfall and Water Sprays on Spider Mites 

control of orchard mites with ovcrtree sprinklers has been reported in 

several popular accounts (ROSS 1968, Stark 1969). 

Spuler (1930), investigating the effect of overtree sprinkling on the 

codling moth, Carpocapsa pornonella L., compared other insczts and mite popu- 

lations in sprinkled and non-sprinkled orchards. The only pests that were 

affected to any extent were the European red mite, clover or brown mite, and 

two-spotted spider mite, Very few mites were found in any of the sprinkled 

orchards while mite infestations in non-sprinkled orchards varied from light 

to severe and in most cases necessitated the use of oil sprays to control 

them. 

A drenching spray of water has been suggested for control of several 

species of tetranychid mites on trees and ornamental plants (~amilton 1926, 

Brock 1929, Roberti 1946). 

Various workers, while conducting acaricide tests, noted substantial 

reductions in mite populations due to the mechanical effect of the spray 

(~ewcomer 1927, Moore et ax., 1939, Chaboussou 1961). Frost (1924) stated, 



12. 

llI1i conductin(: spraying experiments it seems that hi,yh pressure is a valu- 

able factor in the control of the red spidert1 (P. pilosus C. and F.). 

Of the various weather~factors that influence the seasonal abundance of 

spider mites, rainfall has been reported to be a chief limiting factor 

(carman 1923, Britton 1925, Dean 1950). But serious mite outbreaks have 

occurred in spite of heavy rainfall  a as see 1937, Kearns and Martin 1940, 
Dean 1941). 

Heavy rainfall or a series of showers have reportedly washed mites from 

the leaves of fruit trees and other crops ( ~ c ~ r e ~ o r  1914, Ross and Robinson 

1922, Garman 1923, Frost 1924, Hamilton 1924, Garman and Townsend 1978, 

Kuenen 1943, Linke 1953). Newcomer and Yothers (1929). stated that the 

European red mite, P. pilosus, is not easily washed off by rains, as is the 

common red spider (probably T. pacificus). Blair and Groves (1952) showed 

that neither active stages or eggs of the fruit tree red spider, Metatet- 

ranychus ulmi Koch were swept off the foliage during a heavy rainstorm. 

Little work has been done to evaluate overtree sprinkling for mite COP 

trol on fruit trees. Hoyt (personal communication) tested overtree sprinkling 

for mite control in 1968. He found that sprinkling did not contu.,l high 

populations of the McDaniel spider mite on apples. The mite population was 

in excess of 60 mites per leaf before the sprinklers were in operation and 

the population continued to increase following the use of overtree sprinklers. 

Overtree sprinkling, if found to be an effective method of reducing 

population densities of phytophagous mites without destroying or reducinf; the 

efficiency of mite predators, could help assure a more stable intc,:rated mite 

control propan,. It could eliminate the need for corrective sprays in 



orcliards wlierc cyclic predator-prey patterns develop and prevent populations ! 
of apple rust mites from reaching damnt?ing levels. Sprinl~lin~~ could also 

I 
I 

. 
prevent the European red mite from filling the void created by tlle estensive 

I reductions of the McDmiel spider mite in integrated procrams. 

e. The Mite Problem in 1969 

Climatic conditions were favorable for the development of mite popula- 

tions in 1969. The severe winter of 1968 and 1969 did not affect the survival 

of orchard mites in the Summerland area. 

Monthly mean temperatures did not vary from the 30-year average except 

for the month of June which was 6 degrees above normal. Rainfall during April 

totaled about 3 times the normal amount for this period. May was normal but 

June received only 1/3 the normal amount of rainfall. Rainfall in August was 

far below normal. During September rainfall was twice the normal amount for 

this period. 

The wet weather in April had little effect on hatching and development of 

the European red mite. High populations developed in the early season in 

experimental plots and in commercial orchards in the area. 

McDaniel spider mites were not generally a serious problem ic commercial 

orchards. Most growers practiced integrated mite control and predaceous 

phytoseiid mites prevented the McDaniel spider mite populatio~rom reaching 

high levels in these orchards. But very high populations of McDaniel spider 

mites developed in experimental plots at the research station that were inten- 

tionally sprayed with pesticides toxic to the phytoseiid mites. 



MATERIALS AND METHODS 

The investigations were carried out in 1968 in a commcrcinl apple orchard . 
near Yakima, Washington and duriny: the 1969 season at the Canada Department of 

Agriculture Research Station at Summerland, B.C. During 1969, experiments 

were conducted in the station orchards and in commercial orchards in the 

Summerland and Naramata fruit districts. 

Three types of experiments were carried out. They were (1) detached-leaf 

experiments, (2) small plot field tests, and (3) commercial orchard trials. 

In early-season detached-leaf experiments, mite infested leaves were 

collected from Delicious apple trees. The petiole of each leaf was inserted 

into a snap-cap vial which had a small hole drilled in the top ( ~ i ~ .  1). The 

vials were kept full of water to keep the leaves turgid for the duration of 

the tests. In late-season tests, short sections of shoot growth were removed 

from the tree. All leaves except one were removed and the shoot with leaf 

attached inserted into a vial through a bored cork stopper ( ~ i ~ .  2). The 

latter method prevented the leaves from dessicating for a much longer period 

of time. The mites and eggs on the prepared leaves were then hand-counted 

under a dissecting microscope. Five of the leaf vials were then fastened to 

a rack eight feet off the ground and 20 feet from a single, 14 foot high 

sprinkler tripod. A Rainbird 20-A sprinkler head was used with an 11/64-inch 

nozzle operating at 30 psi. The sprinkler head rotated completely every 70 

seconds. Check leaves were treated the same as sprinkled leaves except they 

were placed outside the throw of the sprinkler during the sprinkling periods. 

A portable overtree sprinklinr,: system was used in all field tests except 

l.)lose conducted in powers ' orchards. The specificatior~s of the latter systems 

tire described in the section entitled "commercial orchard trials." The 



portable system consisted of 10 foot-high sprinkler tripods with a 7 foot, 

-&inch pipe extension placed between the tripod and the sprinkles head ( ~ i ~ .  7 ) .  

When placed in position; the sprinklers were approximately 14 feet above 

the orchard floor. The spray of water from the sprinklers arced 3 feet above 

the sprinklers or about 17 feet above the orchard floor. This was a sufficient 

height to spray over the tops of the experimental trees. One-half inch plastic 

hose connected the tripods to 2-inch portable aluminwn irrigation pipe which 

was connected to the supply source. Thus, the system was entirely portable 

and could be set up in a short time in any one of several test plots. Four 

tripods were used in single-tree plots, and six tripods for two-tree plots. 

The tripods were spaced 20x20 feet or 20x40 feet depen.ding on the amount of 

water to be applied. This arrangement simulated conditions in an overtree 

sprinkied orchard. 

Rainbird 20-A sprinkler heads were used in all tests. Nozzle sizes were 

varied from 3/32-inch to 7/32-inch and pressure was regulated by a standard 

2-inch gate valve. All pressure measurements were made at the nozzle with a 

0 to 100 pounds per square inch (psi) gauge and pitot tube. 

The system was tested for evenness of water distribution prior to setting 

up any experiments. Distribution was satisfactory in calm air using 1/8-inch 

nozzles but was poor in light winds or when operated with the large, 7/32-inch 

nozzles. Water distribution could have been improved considerably by substi- 

tuting larger sprinkler heads when testing the 7/32-inch nozzles. Larger 

sprinklers would have necessitated the use of much larger plot sizes which 

would have proven too cumbersome to handle. In order to minimize drift, 

experiments were conducted only in relatively calm weather. 
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c lc:~vc:: were brushed by t h e  melhotl of H c n d c r ~ o ~ ~  :tnd McPn~mic (1045) a:: 

l i f ' icd by Morpn el  s t 1  . (1  1)55). T l ~ e  mi l e s  wcrc c o ~ ~ n i  ed undcr a (1 i s s~c . t  i n < -  

cro::cope and t h e  n u r n l ~ ~ r s  oC each s p e c i e s  rccor t le~l .  1 1 1  some pre l iwinavg 

s t s ,  mi tes  on ind iv idur l l  l e aves  were hand-counled u ~ i d c ~  a dissectinc.: iuicro- 

ope. The s tuden t  t - t e s t  was used t o  determine s i w i f i c n n t  differences i n  

ch of t h e  detached-leaf  experiments.  The degree of s i ~ n i f i c : i n c e  is  de:loted 

an a s t e r i s k  i n  t h e  a p p r o p r i a t e  column i n  each t a b l e .  

The s t a t i o n  orchards  i n  which t h e  experiments were conducted a r e  normally 

r i g a t e d  wi th  an u n d e r t r e e ,  p o r t a b l e  s p r i n k l e r  system every  two weeks. 

ound cover  i s  g r a s s  t h a t  i s  moved r e c u l a r l y .  

Experiments wcre l i m i t e d  t o  t h e  Red Del ic ious  v a r i e t y  of apple  a l though 

e  Spa r t an  v a r i e t y  was inc luded  i n  t h e  sampling of one commercial orchard.  

(3. 1 Apparatus fo r  early-season detached leaf experiments 



Fig. 2 Apparatus for late-season detacwd l e a f  experiments 

2 P o r t a b l e  s p r i n k l i n g  t m i p d s  used i n  overtree sprinkling experiments 



a. Det;;~ched Leaf Experiments 

European Red Mites 

This series of tests was conducted to determine how ovcrtree sprinklink: 

might affect the behavior of European red mites and to what extent sprinkling 

I washed the different stages of mites and mite eggs from upper and lower leaf 

surfaces. Mite populations on the same leaves were counted before and after 

each treatment. Absolute numbers of mites and eggs are recorded for each leaf 

surface in tables 1 to 5. 

First Test - June 11, 1969 
After 4 hours of sprinkling, the sprinkled leaves and check leaves were 

brought into the laboratory and the mites on them recounted. Only an occa- 

sional active stage was found on the upper leaf surface. Those that were 

present were mostly quiescent forms. Sprinkling removed 9% of the active 

stages from the upper leaf surface but caused a reduction of only 1% on the 

lower surface, for a total reduction of 5%  a able 1). 

There was a marked reduction of active stages on 3 of the 5 check leaves 

at the end of 4 hours. The total reduction for the 5 leaves amounted to 21% 

 a able 2). Some difficulty was experienced during handling and counting in 

keeping the mites on the foliage as active stages would tend to disperse and 

I run down the petioles and over the surface of the vial. Cooling the leaves 

F to 43O F. helped to some extent. However, a number of leaves were discarded 
T 
k prior to counting because of this dispersal activity. This occurred both on 



were counted i n  :In a i r -condi t ioned  room which lessened  t h e  d i s p e r s a l  prohlem. 

The a c t i v e  s t a g e s  were p re sen t  on both  upper and lower l e a f  s u r f a c e s  

of t h e  check l eaves  a t  t h e  end of t h e  t e s t ,  whereas t h e  remaining mi tes  on 

t h e  s p r i n k l e d  l e a v e s  were a l l  on t h e  lower l e a f  su r f ace .  

There was no r educ t ion  i n  t h e  number of eggs on any of t h e  s p r i n k l e d  

l eaves .  The pre- t reatment  egg count t o t a l l e d  418 and the  post- t reatment  

count was 431. The number of eggs inc reased  from 319 t o  342 du r ing  t h e  4 hour 

pe r iod  on t h e  check l eaves .  

Second Tes t  - June 14 ,  1969 

I n  t h e  second t e s t  of t h i s  s e r i e s ,  4  l e a v e s  were s p r i n k l e d  f o r  a per iod  

of 12 hours .  The f i f t h  l e a f  f e l l  t o  t h e  ground and w a s  d i scarded .  Leaves 2 

and 3 tu rned  over  i n  t h e i r  v i a l s  du r ing  t h e  t e s t ,  s u b j e c t i n g  t h e  lower s u r f a c e  

of t h e  l e a v e s  t o  t h e  s p r i n k l e r  water .  Sixty-nine percent  of  t h e  a c t i v e  s t a g e s  

were removed from t h e  s p r i n k l e d  l e a v e s  wh i l e  mi t e s  on t h e  check l e a v e s  v a r i e d  

only  2% dur ing  t h e  per iod  of t h e  t e s t   a able 3). 

The egg count on t h e  s p r i n k l e d  l e a v e s  inc reased  26% dur ing  t h e  12 hour 

per iod  whi le  a  6% i n c r e a s e  was noted on t h e  check leaves .  

Third Tes t  - June 16 ,  1969 

I n  t h e  t h i r d  t e s t  of t h i s  s e r i e s ,  5 l e a v e s  were s p r i n k l e d  f o r  a  pe r iod  of 

12 hours .  Because of t h e  l a r g e  number of eggs p r e s e n t ,  egg counts  were made 

on only  t h r e e  of  t h e  f i v e  : .pr inkled lebves .  Cotton gauze was packed around 

t h e  l e a f  p e t i o l e s  t o  prevent  t h e  l e a v e s  from r o t a t i n g  i n  t h e  v i a l s .  Thus, 

on ly  t h e  upper l e a f  s u r f a c e s  were sub jec t ed  t o  t h e  s p r i n k l e r  d r o p l e t s .  The 

s p r i n k l i n g  r e s u l t e d  i n  a r educ t ion  of 56$ of t h e  a c t i v e  s t a g e s .  This  wan 

c o n s i s t e n t  f o r  &ch of t he  5 l e a v e s  (Table 4 ) .  



The increase in numbers of adult females on lower leaf surfaces follow- 

ing sprinkling confirmed what had been suspected in previous experiments; that 
- 

is, many of the adult females migrate from the upper leaf surface to the lower 

surface of the leaf when the sprinklers are turned on. 

This phenomena has been observed to occur just prior to thunderstorms by 

Morgan (personal communication). I observed that in the early morning, fol- 

lowing a heavy dew, all active stages of European red mites were on the dry, 

lower surface of the leaf or beneath a curl in the upper leaf surface where no 

moisture occurred. 

Within 2 hours after re-examining the leaves, the adult &males had 

migrated back onto the upper leaf surfaces. 

The egg count remained almost unchanged during the sprinkling period 

( + 1 4 )  The population of active mites on the check leaves remained unchanged I. 

over the 12 hour period ( + 6 % ) ,  however, eggs were not counted on any of the 
1, 

check leaves  a able 5). 7 

The following conclusions are based on the results of the detached-leaf I , 

1 
tests: 

1. Twelve hours of sprinkling washed 5% to 7% of the active stages 
! 

1 

of the European red mites from the leaves. 

2. Many of the adult European red mites escaped the water droplets 1 
by emigration from the upper leaf surface to the lower leaf surface. 

I 
I 

3. In a limited number of observations, a greater proportion of immature 

mites were washed from the leaves than adult mites. 

4. Eggs were not washed from either the upper or the lower surface of' 

the leaves. 



5. The tests suggest that oviposition is not inhibited during periods 

of sprinkling. Furthermore, there was some evidence that the rate 

- 
of oviposition may even be greated during periods of sprinkling. 



Table 1. Comparison of European red mite populations on detached leaves 
before and after 4 hours of sprinkling. Sprinkled leaves. June 11, 1969. 

Leaf No. Before Sprinkling After Sprinklinq 

Adults Immature Eggs Adults Immature Eg~s 

1. Upper Surface 10 4 9 95 0 1 58 
Lower Surface 16 26 2 5 17 3 6 48 

2. Upper Surface 11 2 7 3 4 1 1 2 8 
Lower Surface 11 15 3 3 4 13 3 9 

6 3. Upper Surface 20 37 0 1 40 
Lower Surface 31 18 43 20 16 5 7 

4. Upper Surface 11 19 18 0 0 25 
Lower Surface 20 11 52 11 8 44 

5. Upper Surface 15 2 4 49 0 0 52 
Lower Surface 13 23 32 12 12 40 

f 

Total Upper Surface 53 119 233 1""" 4" 203 C 

Total Lower Surface 91 93 185 64 85 228 P 

Leaf Total 144 212 418 65* 89** 431 

Percent change : Adults -54. %, Immature -58.0$, All Active Stages -56.7%, 
Eggs +3.1$. 

* Differences are significant at the 5% level. 
** Differences are significant at the 1% level. 

*** Differences are significant at the 0 1% level. 
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Table 2. Comparison of European red mite populations on detached leaves 
before and a f t e r  4 hours of spr inkl ing,  Check leaves. June 11, 1969. 

Leaf No. Before After  

Adults Immature Eggs Adults Immature Eggs 

1. Upper Surface 12 12 21 13 16 3 7 
Lower Surface 16 9 43 12 13 45 

2. Upper Surface 13 2 3 4 1 2 2 10 3 6 
Lowei* Surface 14 15 3 6 11 15 43 

3. Upper Surface 7 12 3 18 2 5 
Lower Surface 40 20 53 15 12 ' 5 7 

4. Upper Surface 17 14 5 8 17 15 44 
Lower Surface 21 9 3 4 4 6 45 

5. Upper Surface 13 5 8 14 11 31 8 
Lower Surface 10 15 16 7 2 6 22 

Total  Upper Surface 62 119 137 81 74 130 

Total Lower Surface 101 6 8 182 49 72 212 

Leaf Total  163 187 319 130 146 342 

Percent Change : Adults -20.3$, Immature -21. %, A l l  Active 
Stages -21.1$, Eggs +7.2%. 
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Table 3. Comparison of European red mite populations on detached leaves 
before and after 12 hours of sprinkling. June 14, 1969. 

- 
Sprinkled Leaves 

Leaf No. Before Sprinkling After Sprinkling 

f $ Immature Eggs ?- 6 Immature Eggs - - - - 
1. 6 11 33 2 6 7 3 8 35 

2. 1 14 7 15 43 0 0 0 6 2 

3. 21 3 26 111 1 0 2 129 

4. 42 14 13 109 3 6 5 1 137 

Total 83 35 87 289 44 8* 11"" 363 

= 
Percent Change: Active Stages - 6 8 ,  Eggs +26% 

*Differences are significant at the 5% level. 
**Differences are significant at the 1% level. - 

1) Leaves turned over. 

Check Leaves 

Leaf No. Before After - 
n 

Y 8 Immature Eggs Y 6 Immature Eggs - - - - 
1. 13 8 38 143 2 3 10 20 146 

2. 16 13 93 86 22 2 3 78 85 

'3. 16 13 5 9 98 20 6 48 114 

4. 35 2 9 126 3 7 1 6 147 

40 262 574 117 48 222 607 

Percent Change: Active Stages -$, Eggs +6$ 



Table 4. Comparison of European red mite populations on detached leaves 
before and after 12 hours of sprinkling. Sprinkled leaves, June 16, 1969. 

Leaf No. Before Sprinkling 

d Immature &gg - -  
1. Upper Surface 25 6 2 - 

Lower Surface 5 4 3 - 
2. Upper Surface 31 0 0 2 10 

Lower Surface 16 1 0 

3. Upper Surface 64 24 2 - 
Lower Surface 18 16 1 

4. Upper Surface 30 0 0 
223 

Lower Surface 24 0 1 

5. Upper Surface 53 3 5 
587 

Lower Surface 19 0 2 

After Sprinkli?~ 

d Immature Eggs - 

Total Upper Surface 203 33 9 l*** 0 2 

Total Lower Surface 82 21 7 128 3 2 1 

Leaf Total 285 54 16 1020 129* 3 23 1163 

"Differences are significant at the 5% level. 
***Differences are significant at the 0.1% level. 



Table 5. Comparison of European red mite populations on detached leaves 
before and after 12 hours of s~rinklin~. Check leaves. June 16. 1969. 

Leaf - No. - 
- 

1. Upper Surface 57 
Lower Surface 5 0 

2. Upper Surface 17 
Lower Surface 22 

3. Upper Surface 57 
Lower Surface 13 

4. Upper Surface 3 8 
Lower Surface 14 

5. Upper Surface 3 6 
Lower Surface 13 

Before 

6 

1 
2 

0 
0 

2 
5 

3 
2 

1 
2 

Immature 

0 
2 

0 
0 

0 
1 

6 
7 

9 
7 

After 

f - 6 - Immature 

1 
0 

0 
0 

1 
1 

4 
6 

6 
6 

Total Upper Surface 205 7 15 174 19 11 

Total Lower Surface 112 11 17 164 8 13 

.f Tot 

Percent Change : Active Stages +6$. 



b. Field Trials 

European Red Mites 

- 
Five tests were conducted during late May to early August on trees heav- 

ily infested with European red mites. The experiments were designed to test 

whether overtree sprinkling could control high populations of European red 

mites and to determine if varying droplet size and duration of sprinklings 

would affect the degree of control obtained with each sprinkling. 

The first 3 tests were conducted during a period when only the adult and 

egg stages of first generation mites were present on the trees. Test 4 was 

directed against the second generation larval stage. All stages of European 

red mites were present on the trees in test 5. 

Acaricides were not applied to any of the test trees but a schedule of 

sprays was applied to control the codling moth except test 4 trees which were 

left unsprayed. 

First Test - May 18, 1969 
A single tree was sprinkled for a 4 hour period. Sprinklers were fitted 

with 7/32-inch nozzles and operated at 30 psi. Twenty-leaf samples were 

picked from short sections of 2 limbs prior to sprinkling and again immediately 

after sprinkling. The leaves were taken into the laboratory and the mites on 1 

them were hand-counted under a dissecting microscope. No checks were main- 

tained because of the short duration of the experiment. 

At the end of 4 hours of sprinkling, active stages of the European red 

mite had declined by 64% on the upper limb and 25% on the lower limb  a able 6). 

The total number of eggs remained the same on the upper limb but a 46% increase 

was noted on the lower limb. 



r- 

r' Table 6. 
4 hours of over 

Numbers of European red m 
*tree sprinkling. May 18, 

tes per 20 leavcs 
1969. 

before and after 

Upper Limb 

Before Sprinkling After Spri nliling 

Y upper leaf surface 
lower leaf surface 

6 upper leaf surface 
lower leaf surface 

Q3 upper leaf surface 
Q3 lower leaf surface 

Eggs upper leaf surface 
Eggs lower leaf surface 

Lower Limb 

Before Sprinkling After Sprinkling 

? upper leaf surface 
9 lower leaf surface 

d upper leaf surface 
lower leaf surface 

Q3 upper leaf surface 
Q3 lower leaf surface 

Eggs upper leaf surface 
Eggilower leaf surface 

Q3 = Quiescent deutonymphs 



Second Test - Mag 20, 1969 
A single apple tree was sprinkled for a 23 hour period. In order to 

. 
reduce variability due to sampling, 20 non-fruiting spurs on a single limb 

were marked with numbered thumbtacks. A single leaf was picked from each spur 

and taken into the laboratory where the mites and eg,y were hand-counted under 

a dissecting microscope. 

After sprinkling, when the foliage had dried, another 20 leaves were 

selected from the same spurs and taken into the laboratory for counting. 

Because of the short duration of the experiment, no checks were maintained. 

There was a 33% reduction in numbers of active stages of the European 

red mite after 23 hours of sprinkling  a able 7). There were much higher num- 

bers of mites and eggs on the lower leaf surfaces than on upper leaf surfaces 

prior to sprinkling. Consequently 2% hours of sprinkling did not provide very 

effective control. Although there were 35% fewer eggs on the leaves after 

sprinkling, this difference was probably due to variability between the leaves 
i * 

sampled before and after sprinkling. Sampling leaves from the same spurs did i 
I 

Table 7 - Numbers of European red mites per 20 leaves before and after 
24 hours of overtree sprinkling. May 20, 1969 I 

Before Sprinkling After Sprinkling 

9 upper leaf surface 25 6 
0 + lower leaf surface 16 1 114 

o upper lcaf surface 1 2 
o lower leaf surface 2 2 19 

Total active stages 209 141 

Eggs upper leaf surface 292 180 
E p g ~  lower 1e:if surface 2338 Irlf~C; 



Third Test - Mng 21, 1969 
In order to further reduce the variability due to sampling error a third 

test wa? conducted using 2 tgst trees. Two limbs, one upper and one lower 

were sampled on each tree. Twenty non-fruiting spurs were marked on each limb 

with numbered thumbtacks with small ribbons attached for easier detection. In 

addition, a single leaf on each spur was marked by wrapping a thin piece of 

white marking tape around the petiole. 

A visual count of adult female mites was made on each marked leaf prior 

to sprinkling. These leaves were left attached and mites on the same leaves 

were again visually counted after the trees were sprinkled. A comparable leaf 

was removed from the same spur to obtain counts of eggs and males as these 

stages are too small to observe without the aid of a hand-lens. The mite 

population consisted entirely of adult males and females from the overwintered 

generation, and first summer generation eggs. 

Sprinklers were turned on at 6 p.m. and were to be left on until 6 a.m. 

A pump failure occurred during the night and it is not known exactly how much 

water was applied. The sprinkled trees were nearly dry at 6 a.m., indicating 

the sprinkler had been off at least an hour. 

The results of this test were very similar to the results obtained in 

test #l. The control was better on the upper, more exposed limbs than on the 

lower, sheltered ones. The reduction of adult female mites on the upper limbs 

was 4% and 54% while reductions of 23% and 2% occurred on the lower limbs 

 a able 8). Male mites were not present in sufficient numbers to be meaningful. 

Numbers of eggs increased markedly during the 12 hour period averaging +23% 

for the four limbs. 



Two check t r e e s  were sampled a t  t h e  same t ime t h e  sp r ink led  t r e e s  were 

sampled bu t  l eaves  were s e l e c t e d  randornly from smal l  s e c t i o n s  of marked limbs 

r a t h e r  than  from marked spurs: The number of female mi t e s  remained unchanged 

on two of  t h e  check limbs but  a 17% reduc t ion  occurred on t h e  t h i r d  limb 

 a able 9) .  Too few mi t e s  were p r e s e n t  on t h e  f o u r t h  l imb t o  g ive  an  a c c u r a t e  

measul-e. Time d i d  not  permit  t h e  d e t a i l e d  marking of l e a f  s p u r s  on t h e  check 

t r e e s .  

The popu la t ion  o f  a d u l t  female mi t e s  dec l ined  r a p i d l y  as t h e  s t a r t  o f  t h e  

f i r s t  summer gene ra t ion  approached s o  t h e  experiment was not  repea ted .  



Table 8. Number of European r ed  mi t e s  be fo re  and a f t e r  12 hours  of 
o v e r t r e e  s p r i n k l i n g .  Sp r ink led  t r e e s .  May 21, 1969. 

Tree #1 Tree #2 

? Upper Limb 
0 9 Upper Limb 0 + Lower Limb + Lower Limb 

Before Af t e r  Before A f t e r  Before A f t e r  Before A f t e r  

T o t a l  Males T o t a l  Males T o t a l  Males T o t a l  Males 

T o t a l  Egcs T o t a l  Eggs T o t a l  Eggs T o t a l  Eggs 



Table 9. Number of European red mites (1) before and after 12 hours 
of overtree sprinkling. Check trees. May 21, 1969. 

Tree #1 Tree #2 

Upper Limb Lower Limb 

BeforeAfter ReforeAfter 

9 6 90 88 

(1) Counts are totals from 20 leaves. 

Upper Limb Lower Limb 

Before After Bcfore After 

55 60 125 104 

Folirth Test - June 6, 1969. - -  

The purpose of this experiment was to determine if overtree sprinkling 

would control a high population of European red mites if applied when only 

immature stages of mites were present. The experiment was conducted in the 

dwarf apple orchard so that a large number of trees could be sampled and in 

order to test the effectiveness of overtree sprinkling on apple varieties 

other than Red Delicious. The test was also designed to test whether or not 

trees receiving greater amounts of water would have better mite control than 

trees receiving lesser amounts of water. Sample trees were chosen according 

to their proximity to the sprinklers. Some trees were wetted with water 

from four sprinklers, some from only two sprinklers, and others were wetted 

by only one sprinkler (~ig. 4). These trees are denoted as 4-X, 2-X, and 1-X 

respectively in  a able 10). 
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Stage of Development 6/1 6/3 6/4 6/5 

Adults 5 1 2 3 2 8 2 

Larvae and Nymphs 20 136 372 272 

Eggs 1752 2215 1023 760 

Prior to sprinkling, 20 spurs on each sample tree were marked with thumb- 

tacks as in the previous experiments. Leaves from the.same spurs were then 

sampled before sprinkling and again immediately after. The trees were sprinkled 

from 6 a.m. until 6 p.m. on June 6. Check trees were also sampled the same 

time the sprinkled trees were sampled. Check trees were located in the,same 

rows as sprinkled trees but were outside of the sprinkled area. 

The results of this test were difficult to interpret because of the , 

influence of predaceous phytoseiid mites on the population of European red I 
i 

mites. The population of European red mites declined rapidly in all the test 
i 

trees whether sprinkled or non-sprinkled. There was no consistent correlation 

of percent control between sprinkled and check trees nor was there any corre- I:. \ 
lation between percent control and numbers of phytoseiid mites in each treat- 

ment  a able 10) . 
I 

A second sampling of check trees on June 9 showed a further decline in 

numbers of European red mites on 4 of the 6 check trees. 

1D-Ck 2G-Ck 3W-Ck 4M-Ck 5D-Ck 62-Ck - - 
Larvae and Nymphs per 20 leaves 96 274 124 166 122 78 

C 



The phytoseiid mites were identified by R.S. Downing and T.K. Moilliet, 

Summerln7,d Research Station, as Neoseiulus caudiglans (~chuster) and 

Tgphlodromus pgri Scheut. BOZ~ species are very efficient predators of the 

European red mite. The population of European red mites was nearly destroyed 

by the;.. within 5 days. 

The trees in the dwarf orchard also presented a problem in sampling. As 

they were grown primarily for entomological purposes they were not trained 

according to modern horticultural practice, the result being a very dense 

orchard with trees shaped like inverted pyramids with interlocking bases. 

Drops of water falling onto the trees were intercepted by the dense sho:>t 

growth in the tops. Spurs growing lower in the trees received only that water 

which filtered down through the trees and little, if any, direct spray from 

the sprinklers. The dwarf orchard was excluded from further experiments 

because of these probless. 



GS- C i i  

--- 
l o ;  

1 D - J X  Rzv: 1, D312-c Lous, t r c > e  wetted by Dnr?  s p r i n l r l c r .  



Table 10. Number of European red mites and phytoseiid mites on dwarf 
apple trees before and after 12 hours of overtree sprinkling. June 6, 1969. 

European Red Mites Phgtoseiid Mites 

Adults Larvae & N-ymphs Em2 Active E m s  

Tree ~umberl Before After Before After Before After Before After Before After 

1 1D-1X = Row 1, Delicious, tree wetted by one sprinkler. 
Other varieties are: G = Golden Delicious 

W = Winesap 
M = McIntosh 
S - Spartan 



Fifth Test - July 7, 1969 
This series of tests was conducted on a single, large apple tree to 

determine if varying the size-of water droplets would effect the degree of 

control of European red mites by overtree sprinkling and whether intermittent 

sprinkling might provide better control than constant sprinkling. The test 

was designed not only to measure reductions in numbers of mites resulting 

from each sprinkling but also to compare population trends of the sprinkled 

and a non-sprinkled tree over a several week period. 

Two, exposed upper limbs and two, sheltered lower limbs were marked and 

20-leaf samples were taken prior to and after each sprinkling. A check tree, 

several rows away from the sprinkled tree, was also sampled during the 

experiments, 

First Sprinkling - July 7, 1969 
The tree was sprinkled overnight for a 12-hour period. Sprinklers were 

equipped with 1/8-inch jets and operated at 30 psi. 

Second Sprinkling - July 8, 1969 
I 

The tree was sprinkled intermittently, one hour on and one hour off, over 

a ten-hour period. Jets were 1/8-inch operating at 30 psi. 

Third Sprinkling - July 9, 1969 
Inserted large, 7/32-inch jets and sprinkled for a 12-hour period. 

Fourth and Fifth Sprinklings - July 21 and August 4, 1969 
These were two, 24-hour sprinklings using 1/8-inch jets at 30 psi. Only 

two limbs, one upper and one lower, were sampled during these sprinklings. 



Although there was a natural decline in the European red mite population 

during the latter part of the test period it was possible to measure reductions 

in mite numbers resulting fro% each sprinkling (~nbles 11 to 14). Only in one 

case was there a decline in the mite population on the check tree during a 

sprinkling period (~ables 15 and 16). This, plus the fact that when sprinkling 

was discontinued for 12 days on July 9 the number of active mites on the 

sprinkled tree quickly climbed to a level higher than when the tests were begun, 

is further evidence that the decline was, in fact, caused by the sprinkling, 

During the latter part of July, McDaniel spider mites became well estab- 

lished on the check tree and had reached 46 and 134 mites per leaf respectively 

on August 5. McDaniel spider mites numbered 1,2 and 6.4 respectively on the 

sprinkled tree on August 4. The last 24-hour sprinkling, reduced McDaniel 

spider mites to 0.5 and 1.1 mites per leaf. Sprinkling also reduced the 

number of eggs of the McDaniel spider mite. 

In a single test, twelve hours of sprinkling with large 7/32-inch nozzles 

provided a greater degree of control than twelve hours of sprinkling with 

1/8-inch nozzles or 10 hours of intermit tent sprinkling with 1/8-inch nozzles. 

The August 4 test was conducted during a windstorm which was accompanied 

by some rain. The greatest degree of control occurred during this sprinkling 

period. The wind undoubtedly blew many of the mites from the tree but the 

combination of wind plus sprinkling probably accounted for better control 

than either of these factors alone. The sprinkler water was carried nearly 

horizontally by high gusts of wind and both upper and lower surfaces of 

leaves were wetted. 

The sprinkled tree retained fairly good foliage up to harvest time 

whereas the check tree and practically all other trees in the block suffered 



severe foliage injury from the feeding of mites. The block of trees received 

numerous sprays for codling moth control but were not sprayed for mites. No 

phytoseiids were observed in any of the leaf samples. The numerous codling 

moth sprays probably accounted for the complete absence of phytoseiids from 

the test trees. The absence of phytoseiids was good for experimental purposes 

because it eliminated at least one variable encountered in earlier tests. In 

a practical situation, however, the presence of phytoseiids would probably 

have enhanced mite control considerably. 

About 60 inches of water was applied during the 30-day test period or 

twice the annual water requirement of the trees. The soil was very well 

drained, however, and no adverse effects were noted in.the sprinkled area. 

- 



Summary of F ie ld  T r i a l s  f o r  

Control  of European Red Mites 
. 

1. Large numbers of European red mi tes  were washed from t h e  f o l i a g e  each 

s p r i n k l i n g  but repeated s p r i n k l i n g  gave only temporary c o n t r o l  of a 

h igh  mi te  populat ion.  

2. Control  of a d u l t  s t a g e s  of t h e  European r e d  mite was g r e a t e r  on upper 

l e a f  s u r f a c e s  than  lower l e a f  sur faces .  

3. Adult European red  mi tes  emigrated t o  t h e  lower l e a f  su r face  when t h e  

s p r i n k l e r s  were turned on and re turned t o  the  upper l e a f  s u r f a c e  a s  

soon a s  s p r i n k l e r s  were turned o f f .  

4. Control  was b e t t e r  on upper, exposed limbs than  on lower, s h e l t e r e d  ones. 

5. European red mite eggs were not  washed from t h e  leaves .  - 

6. Adult female mi tes  continued t o  o v i p o s i t  dur ing  s p r i n k l i n g  periods.  

7. Overtree s p r i n k l i n g  could not  be evalua ted  a s  a c o n t r o l  f o r  European red  

mi tes  where predaceous phytose i id  mi tes  were a l s o  a c o n t r o l l i n g  f a c t o r .  

8. Both a c t i v e  and egg s t a g e s  of t h e  McDaniel s p i d e r  mite  were washed from 

leaves  dur ing  sp r ink l ing .  

9. Populat ions of t h e  McDaniel s p i d e r  mite  remained below i n j u r i o u s  l e v e l s  

when l a r g e  amounts of water was app l i ed  before  popula t ions  developed. 



Table 11. Effect of droplet size and duration of overtree sprinkling 
on populations of European red mites and McDaniel spider mites. Sprinkled 
tree. Upper limb-north. Number of mites per 20 leaves. . 

Date - 
7/7/6 9 * 

7/8/69 * 

7/8/69 * 

7/9/69 

7/21/69 * 

7/22/69 

8/4/69 * 

8/5/69 

European Red Mite McDaniel Spider Mite 

E k E  Active BX.2 Active 

3360 2675 0 0 
12 hour sprinkling - 1/8" nozzle at 30 psi. 
3030 1688 0 0 
10 hours of intermittent sprinkling 1 hour on - 1 hour off 1/8" 
nozzles. 

3160 1080 0 0 
12 hour sprinkling 7/32" nozzle at 30 psi. 

3390 2695 0 0 
24 hours sprinkling 1/8" nozzle at 30 psi. 

398 433 127 80 
24 hour sprinkling 1/81' nozzle at 30 psi. 

* = sprinkling period 



Table 12 - Effect of droplet size and duration of overtree sprinkling on 
populations of European red mites and McDaniel spider mites. Sprinkled trec. 
Upper limb-south. Number of mites per 20 leaves. 

Date - 
7/7/69 * 

7/8/69 * 

7/8/69 * 

7/9/69 

7/2 1/69 
)t 

7/22/69 

8/4/69 * 

8/5/69 

European Red Mite McDaniel Spider Mite 

BikE Active .Eggs Active 

3220 2370 0 0 
12 hour sprinkling 1/8" nozzle at 30 psi. 

2940 1556 0 0 
10 hours intermittent sprinkling, 1 hour on--1 hour off 1/8" nozzles. 

3290 982 0 0 
12 hour sprinkling with 7/32!? nozzle. 

* = sprinkling period. 



Table 17 - Effect of droplet size and duration of overtree sprinkling on 
populations of European red mites and McDaniel spider mites. Sprinkled tree. 
Lower limb-south. Number of mites per 20 leaves. 

European Red Mite McDaniel Spider Mite 

Date - 
7/7/69 * 

7/8/69 * 

7/8/6 9 * 

7/9/69 

7/21/69 * 

7/22/69 

8/4/69 * 

8/5/69 

F2S.2 Active EEE Active 

5640 3320 - - - - 
12 hour sprinkling 1/81! nozzle at 30 psi. 

4930 2290 - - - - 
10 hours of intermittent sprinkling 1/81! nozzle. 

8720 1537 - - - - 
1 2  hours sprinkling 7/32!! nozzle. 

4100 3595 0 0 
24 hour sprinkling 1/81' nozzle. 

329 33 377 2 4 
24 hours sprinkling 1/81! nozzle. 

* = sprinkling period. 



Table 14 - Effect of droplets size and duration of overtree sprinkling on 
populations of European red mites and MeDaniel spider mites. Sprinkled tree. 
Lower limb-north. Number of mites per 20 leaves. - 

Date - 
7/7/69 * 

7/8/69 * 

7/8/6 9 * 

7/9/69 

7/21/69 * 

7/22/69 

9/4/69 * 

8/5/69 

European Red Mite McDaniel Spider Mite 

EEE Active ZfZE Active 

3520 2120 - - - - 
12 hour sprinkling 1/811 nozzle at 30 psi. 

4190 1852 - - - - 
10 hours of intermittent sprinkling 1/8" nozzle. 

6210 1234 - - - - 
12 hour sprinkling 7/32" nozzle. 

Plates deteriorated before counts could be completed. 

* = sprinkling period. 



Table 15 - Effect of droplet size and duration of overtree sprinkling on 
populations of European red mites and McDaniel spider mites. Check tree. 
Number of mites per 20 leaves. 

Date - 
7/7/69 

7/8/69 

7/9/69 

7/21/69 

7/22/69 

8/5/69 

Date - 
7/7/69 

7/8/69 

7/9/69 

7/2 i /6  9 

7/2 2/6 9 

8/5/69 

Upper Limb - North 

European Red Mite McDaniel Spider Mite 

%fE Active BZ2 Active 

2950 2815 0 0 

3380 3515 0 0 

1885 2055 0 0 

1115 15 90 345 665 

880 1550 370 425 

Upper Limb - South 
' j  

European Red Mite McDaniel Spider Mite 

2hE Active &X= Active 

2910 3065 - - - - 
2400 2595 - - - - 
1985 3545 - - - - 



Table 16 - Effect of droplet size and duration of overtree sprinkling on 
population of' European ~ c d  mites and McDaniel spider mites. Check tree. 
Number of mites per 20 leaves. 

Date - 
7/7/6 9 

7/8/6 9 

7/9/6 9 

7/21/69 

7/22/69 

8/5/69 

Date - 
7/7/69 

7/8/69 

7/9/69 

7/22/69 

8/4/69 

8/5/69 

Lower Limb - South 

European Red Mite McDaniel Spider Mite 

EEE Active %E Active 

5140 2585 - - - - 
5 480 2710 - - - - 
4120 2020 - - - - 
4100 3595 - - - - e 

2665 2705 145 155 

615 454 1960 923 

Lower Limb- 

European Red Mite McDaniel Spider Mite 

9332 Active 2kkE Active 

3760 185 6 - - - - 
3530 2075 - - - - 
Plate deteriorated before counting could be completed. 

- - - - - - - - 
- - - - - - - - 



48. 

c. Detached Leaf Experiments - M c h n i e l  Spider  Mites 

These t e s t s  were conducted t o  determine how e f f e c t i v e  ove r t r ee  s p r i n k l i n g  

i s  i n  c o n t r o l l i n g  McDaniel s p i d e r  mi tes  on upper and lower l e a f  sur faces .  The 

leaves  were c o l l e c t e d  and prepared us ing  the  same methods ou t l ined  f o r  detached 

l e a f  experiments wi th  t h e  European red  mite. 

F i r s t  Test  - June 23, 1969 

Five l eaves  were s p r i n k l e d  f o r  a per iod  of 12 hours beginning a t . 9 : 3 0  p.m. 

u n t i l  9:30 a.m. the  next  day. Only a c t i v e  s t a g e s  of mi tes  were counted a s  t h e  

egg popula t ion  was t o o  h igh  t o  o b t a i n  an accura te  count. 

Although 12 hours of s p r i n k l i n g  removed v i r t u a l l y  10% of t h e  a c t i v e  mites  
4 

from the  upper l e a f  s u r f a c e s ,  a c t i v e  mi tes  increased  2% on t h e  more dense ly  

populated lower l e a f  s u r f a c e s ,  l eav ing  a n e t  r educ t ion  of  16% f o r  the  5 l eaves  

The number of mi tes  increased  27% on t h e  5 check l eaves  during t h e  12 

hour period.  Many more l a r v a e  were p resen t  on t h e  second count ,  probably enough 

t o  exp la in  t h e  marked inc rease  i n  numbers of mites .  Since t h e  number of mites 

on t h e  lower su r faces  of check l eaves  increased  37$, t h e  2% i nc rease  on t h e  

lower su r face  of sp r ink led  l eaves  was probably due t o  egg ha tch  r a t h e r  than  

t o  emigrat ion of mi tes  from the  upper t o  t h e  lower l e a f  su r face .  



Table 17 - Comparison of McDaniel s p i d e r  mite  populat ions on detached 
leaves  before and a f t e r  12 hours of  sp r ink l ing .  June 23, 1969. 

-Sprinkled Leaves 

Leaf No. Before S p r i n k l i n g  Af ter  Spr inkl iny  

1. TTnper su r face  
Lower s u r f a c e  

2. Upper su r face  
Lower s u r f  ace 

3. Upper su r face  
Lower s u r f a c e  

4. Upper s u r f a c e  
Lower su r face  

5. Upper su r face  
Lower su r face  

To ta l  upper l e a f  s u r f a c e  296 6 (-9%) 
To ta l  lower l e a f  su r face  664 799 (+2%) 

Leaf To ta l  963 805 (-16%) 

Check Leaves 

Leaf No. Before S p r i n k l i n g  A f t e r  S p r i n k l i n g  

1. Upper s u r f a c e  
Lower s u r f a c e  

2. Upper s u r f a c e  17 
Lower s u r f  ace 79 

3. Upper s u r f a c e  
Lower s u r f a c e  

4. Upper su r face  
Lower s u r f  ace 

5. Upper su r face  
Lower s u r f a c e  

To ta l  upper s u r f a c e  4 00 441 (+I@) 
Total lower su r face  635 872 (+7,7$) 

Leaf t o t a l  1035 1313 (+27$) 



F Five shoots  were removed from a Delicious apple t r e e  4 days p r i o r  t o  the  
. 

' t e s t  and prepared a s  i l l u s t r a t e d  i n  f i g u r e  2. The 5 l eaves  were a r t i f i c a l l y  

, i n f e s t e d  wi th  McDaniel s p i d e r  mi tes  by pinning s e c t i o n s  of i n f e s t e d  l eaves  t o  

them and l eav ing  them i n  t h i s  manner f o r  4 days. 

As mite counts  were completed on each l e a f ,  i t  was subjec ted  t o  s p r i n k l i n g  

a s  descr ibed  i n  the  previous experiments. A t  t h e  end of 2 hours,  each l e a f  

v i a l  was removed from t h e  r ack ,  taken i n t o  the  1abor . to ry  and counted., then  

placed back on t h e  r ack  f o r  t h e  remainder of t h e  24 hour sp r ink l ing .  No check 

l eaves  were maintained because of t h e  s h o r t  du ra t ion  of t h e  t e s t  and the  t ime 

requi red  t o  count the  mites.  

Two hours of s p r i n k l i n g  removad 95% of t h e  a c t i v e  s t a g e s  and 9% of t h e  

eggs from t h e  upper su r faces  of t h e  l eaves   a able 18). A t  t h e  end of 24 hours,  

10% of t h e  a c t i v e  s t a g e s  and 9% of t h e  eggs were removed from t h e  upper l e a f  

su r face r  . 
Active s t a g e s  increased  3% a t  t h e  end of 2 hours on lower l e a f  s u r f a c e s  

but  a t  t h e  end of t h e  24 hour s p r i n k l i n g  had decreased 2&. 

Eggs on t h e  lower l e a f  s u r f a c e s  were n o t  removed t o  any degree. Eggs 

increased  markedly on one l e a f ,  remained t h e  same on one l e a f ,  and dropped on 

t h e  o the r  3 f o r  a t o t a l  average reduct ion  of 13%. 

Check l eaves  wo-~ld  have been of value t o  e s t a b l i s h  t h e  t rend i n  egg-laying 

on non-sprinkled leaves .  Although s p r i n k l i n g  r e s u l t e d  i n  an average reduct ion  

of 52%, l eaves  not  sub jec ted  t o  s p r i n k l i n g  may we l l  have increased  i n  numbers 

of eel's by 5% during t h e  24 hour period.  The average r educ t ion  of a c t i v e  

s tage3 p l u s  eggs during t h e  24 s p r i n k l i n g  was 54%. 



Table 18 - Comparison of McDaniel s p i d e r  mite  popula t ions  on detached 
l eaves  before  and a f t e r  2 hours and 24 hours of s p r i n k l i n g .  August 21, 1969. 

Leaf No. S t a r t  2 Hours 24 Hours 

Eggs Active E s  Active E m s  Active 

1. Upper s u r f a c e  52 15 5 1 0 0 
Lower s u r f a c e  64 2 5 6 7 2 4 84 16 

2 .  Upper s u r f a c e  17 13 0 1 0 0 
Lower s u r f a c e  17 19  1 4  16 16 15 

3. Upper s u r f a c e  11 4 1 0 1 0 
Lower s u r f a c e  5 4 33 60 3 5 37 2 7 

4. Upper s u r f a c e  46 2 1 5 0 0 0 
Lower s u r f a c e  5 4 2 6 53 28 30 16 

5. Upper s u r f a c e  75 1 4  1 1 0 0 
Lower s u ~  Pace 3 2 * 12 '3 4 16 . . 25 9 

Tota l  upper l e a f  su r face  201** 67" 12  3 1** 0* 
Tota l  lower l e a f  s u r f a c e  221 115 228 119 192 83 41 

,,I1 

Leaf t o t a l  422" 182" 240 122 193" 83* 
#,I 11 

* = Differences  a r e  s i g n i f i c a n t  a t  5% l e v e l .  

** = Differences  a r e  s i g n i f i c a n t  a t  1% l e v e l .  



d. Field Trials - McDnniel Spider Mites 

The first series of field trials wan started July 3, 1969. A mite 

population was stimulated in a block of 13-year-old Delicious apple trees by 

a spray of DDT 50-W, 6 lbs/acre applied on May 20, and two applications of 

Guthion 5 0 4 ,  1.25 lbs/acre on June 1 and 0; 675 lbs/acre on July 7. 

The test was designed to measure any difference in mite control that may 

occur from light, medium, and heavy rates of water application. Reductions in 

numbers of mites resulting from each sprinkling was measured by sampling the 

trees just prior to sprinkling and again immediately after each sprinkling. I 

had intmded to observe the effects of repeated sprinklings on the population 

development of McDaniel spider mites over a period of a month or more. But 
* 

the tent was terminated after 12 days because of predator interference and 

rapidly declining mite populations. 

The test consisted of three single-tree treatments and three check trees. &I * 
ia 

Four sprinkling tripods were placed around each treated tree. The spacing of 

the sprinklers was 20 x 20 feet, the same as the tree spacing. Twenty leaf 

samp1c;s were taken from two marked limbs on each tree. 

Treatment #1 Medium rate - 1/8-inch nozzles 30 psi - 24 hr. sprinkling 
Treatment #2 Light rate - 3/32-inch nozzles - 50 psi - 31 hr. sprinkling 
Treatment #3 Heavy rate - 7/32-inch nozzles - 20 psi - 10 hr. sprinkling 1 

( I  

By varying pressure and nozzle size the average size of water droplets 

changes appreciably. The 3/32-inch nozzle at 50 psi produces a very fine mist, 
I i 
, 

while a 7/32-inch nozzle at 20 psi produces very large droplets. The l/8-inch 

nozzle falls between these two extremes. The total amount of water applied 

(14 inches each application) was kept constant by varying the duration of 

sprinkling for each treatment. i 



The population density of McDaniel spider mites ranged from 50 to 250 

mites per leaf on July 9. Peak populations developed on all test trees by . 
July 26 and then began to decline rapidly. The decline was due to lack of 

food resulting from the extensive foliage injury and the development of high 

populations of predacoous phytoseiid mites. 

It was difficult to assess the control from single sprinklings because of 

the uncertain influence of the phytoseiid mites on the rate of decline of the 

McDaniel spider mites. 

Treatment #1 - Active stages of McDaniel spider mites declined 76.3% dur- 

ing the 24-hour sprinkling on July 21  a able 19). Numbers of mites on the 

check tree declined 26.e during the same period. Although phytoseiids were 

present in about the same numbers on each tree, there were four times the 

number of McDaniel spider mites on the check tree as the sprinkled tree. The 

rate of decline of McDaniel spider mites on the check tree would be much less 

than on the sprinkled tree because of the poorer predator-prey reiationship. 

Consequently I could not determine what degree of control resulted from the 

sprinkling because of these variables. 

Tre~tment #2 - Active stages of McDaniel spider mites declined 30.M dur- 
ing the sprinkling period on July 23  a able 20). Numbers of mites declined 

27.0% on the check trces during the same period. The initial population den- 

sity of McDaniel spider mites was nearly the same on the sprinkled trees and 

check trees but there were twice the number of phytoseiids on the check tree. 

The decline in numbers of mites on the treated tree must have been influenced 

to some degree by the sprinkling for one would normally expect a much more 

rapid decline to occur on trees with higher numbers of phytoseiid mites. This 

did not occur during this experiment. As in treatment #1, I could not ascertain 



to what degree sprinkling controlled the mites because of the uncertain influ- 

ence of phytoseiids on the rate of decline of McDaniel spider mites. 
. 

Treatment #3 - A more favorable situation developed in this set of trees 
that permitted measurements of mite control during two sprinkling periods. 

Phytoseiids were absent from the sprinkled tree at the beginning of the test, 

and McDaniel spider mites increased during the first 11 days of the experiment 

 a able 21). Active stages of McDaniel spider mites decline 19.$ during a 

10-hour sprinkling on July 15. Mites on the check tree remained unchanged 

(+2,%) during the same period. A 10-hour sprinkling on July 29 resulted in 

a reduction of 23.6% on the sprinkled tree, Numbers of mites on the check 

tree increased 11.4% during the 12-hour period. Phytoseiids began to develop 

on the sprinkled tree duriqg the latter part of July but a cyclic predator- 

prey response occurred a few dayc earlier on the check tree than on the 

sprinkl-d tree. It was likely not caused by the sprinklings but it was due 

to the higher predator-prey ratio that existed on the check tree at the begin- 

ning of the experiment. 

This series of tests was terminated July 30 because phytoseiids had nearly 

destroyed the population of McDaniel spider mites and foliage injury was too 

severe to support another mite infestation. 

Because of the interference of phytoseiids, I could not show any differ- 

ences in control between the three treatments. 

Sprinkling apparently did not adversely affect the phytoseiids for they 

increased as rapidly on sprinkled as on non-sprinkled trees. 

At high population densities, the rapid rate of increase of McDaniel spi- 

der mites nearly masks the control afforded by sprinkling. This suggests that 

sprinkline to control mites must begin when populations are low. 

The foliage on sprinkled trees looked less damaged, even on trees that 

n I*-- 



Table 19 - The effect of medium-size sprinkler droplets on populations 
of McDaniel spider mites and phytoseiid mites. 192 

Sprinkled Tree #1 

McDaniel Spider Mites Phgtoseiid M i t e s  

Date -- Limb No. E&E Active %€E Active 

24-hour sprinklings 

24-hour sprinkling 

Check Tree #1 

McDaniel Spider Mites Phytoseiid Mites 

Date - Limb No. !%ZE Active EBEi Active 

-- - -- - - -  

a 
1. Sprinklers were fitted with 1/8-inch nozzles and operated at 30 psi 

P 

F for 24 hour durations. 
L 

2 .  Numbers recorded are mites per 20 leaf samples. 



Table 20 - The effect of small sprinkler droplets on populations of 
McDaniel spider mites and phytoseiid mites.l,2* 

Sprinkled Tree #2 

KcDaniel Spider Mites Phytoseiid Mites 

Date - Limb No. %XE Active %E Active 

31-hour sprinkling 

31-hour sprinkling 

Date - Limb No. 

7/11/6 9 #1 
#2 

7/23/69 #1 
#2 

Check Tree #2 

McDaniel Spidc-, Mites Phgtoseiid Mites 

Active IkkE Active 

1. Sprinklers were fitted with 3/32-inch nozzles and operated at 
50 psi for 31 hour durations. 

2. Numbers recorded are mites per 20 leaf samples. 
F 



Table 21 - The effect of large sprinkler droplets on populations of 
McDaniel spider mites and phytoseiid mites .l t 2 *  

Sprinkled Tree #3 

McDaniel Spider Mites Phgtoseiid Mite9 

Date - Limb No. Active %fE Active 

Sprinkled 10 hours 

Sprinkled 10 hours 

7/29/69 
. 

#1 
#2 

Sprinkled 10 hours 

Check Trez& 

McDaniel Spider Mites Phgtoseiid Mites 

Date - 
7/15/69 

7/15/69 

7/26/69 

7/29/69 

Limb No. & Active kE2 Active 

1. :;prinkler*s were fitted with 7/%2-inch nozzles and operated at 20 psi 
for 10 hour durations. 

n r r  .--L --.- -- ..--.1-A ..-a mi+ m m  Mfi l a o f  a o m n l n a  



A second series of experiments for McDaniel spider mite control was 

started July 31, 1969. Two pairs of Delicious apple trees were selected 
. 

that had low populations of McDaniel spider mites and little, if any visible 

leaf injury. Each two-tree plot was sprinkled with 6 overtree sprinklers at 

10 day intervals until 4 irrigations had been completed. 

Treatment #1 was the standard sprinkling rate. Sprinklers were fitted 

with 1/8-inch jets, giving a rate of application, at 30 psi and a 20 by 40 

ft. spacing, of 0.3 inches per hour or 7.2 inches during a 24 hour sprinkling 

period. 

Treatment #2 was the high rate of application, 7/32-inch jets were used 

to give an application rate of 0.70 inches per hour. A 10 hour sprinkling 

period applied 7 inches of water, or nearly the same amount of water as in 

Treatment #1. ","" 
I'M 

Two limbs on each of the two trees were sampled just before each sprink- ~k 

I## 
ling and again just after. Two limbs on each of the 4 check trees were also I 

sampled. The check tree- were located just a row or two beyond the throw of 

f 

the sprinklers. Check tree 1-B was occasionally wetted when there was a 

breeze blowing from the west. 

All the sprinkled and check trees were sprayed with 2 pounds of Ethion 

25WP and 13 pounds of Sevin 80s per 150 gallons of water on August 1. The 

purpose of the Sevin spray was to eliminate the phytoseiids and thus permit 

the McDaniel spider mites to increase unrestricted. The Ethion was applied 

to control European red mites, or more exactly, to reduce them to a low level 

so there would be no competition with McDaniel spider mites. On August 22, 

a second application of Sevin 80s at 1* pounds per 100 gallons, was made ,to 

assure complete elimination of phytoseiids. 



The f i r s t  s e t  of t r e e s  was s p r i n k l e d  on August 5 and every  10 days the re -  

a f t e r  u n t i l  t h e  experiment was te rmina ted  on September 12. Although the  

experiment was s e t  up p r i m a r i l y  t o  measure t h e  c o n t r o l  over  a  five-week 

pe r iod ,  mi t e s  were counted be fo re  and a f t e r  each s p r i n k l i n g  i n  o rde r  t o  mea- 

s u r e  t h e  c o n t r o l  from s i n g l e  s p r i n k l i n g s .  

Out of a t o t a l  o f  32 i n d i v i d u a l  t e s t s  (4  s p r i n k l i n g s  and 8 samples p e r  

s p r i n k l i n g ) ,  t h e r e  were r educ t ions  i n  numbers of mi t e s  i n  25 o r ,  i n  o t h e r  

words, r e s u l t s  were p o s i t i v e  78% of  t h e  time. Of t h e  seven nega t ive  t e s t s ,  

f i v e  involved  ve ry  low mi t e  popula t ions ,  most ly 1 t o  2 mi t e s  pe r  l e a f .  

Resu l t s  were more c o n s i s t e n t  as numbers of  mi t e s  increased .  

The pe rcen t  c o n t r o l  of a c t i v e  forms of McDaniel s p i d e r  mi t e s  v a r i e d  

g r e a t l y  w i t h  e a c h , s p r i n k l i n g  and extreme v a r i a t i o n  i n  c o n t r o l  occurred  between 

- 
l imbs on t h e  same t r e e .  There w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  c o n t r o l  

between t h e  s t anda rd  r a t e  of s p r i n k l i n g  and t h e  h igh  r a t e  when t h e  d a t a  were 

s u b j e c t e d  t o  a t - t e s t  t o  p a i r e d  da t a .  When ana lyz ing  t h e  r a t e s  of  i n c r e a s e  

over  t h e  5 week p e r i o d ,  mi t e s  i n  t rea tment  #1 inc reased  1.04 t imes  (F'ig 5) 

whi le  t h e  ave rage  i n c r e a s e  f o r  t rea tment  #2 was on ly  0.40 t imes  ( ~ i g  6). 

Whether o r  no t  t h i s  d i f f e r e n c e  is f u l l y  a t t r i b u t a b l e  t o  t h e  h i g h  rate of 

water  a p p l i c a t i o n  is  not  c e r t a i n .  Treatment #2 t r e e s  c a r r i e d  h ighe r  numbers 

of European r e d  mi t e s  than  d id  t reatnient  #1 t r e e s .  I n  f a c t ,  t h e r e  were h ighe r  

numbers of European r e d  mi t e s  t han  McDaniel s p i d e r  mi t e s  i n  t rea tment  #2 

throughout t h e  5 week per iod .  Competit ion between t h e  two s p e c i e s  may par-  

I 

t i a l l y  account  f o r  t h e  d i f f e r e n c e  between t r ea tmen t s .  But comparable numbers 

of European r ed  mi t e s  on t h e  check t r e e s  d i d  not prevent  McDaniel s p i d e r  mi tes  t 
from reach ing  very  h igh  l e v e l s .  

S p r i n k l i n g  a l s o  removed l a r g e  numbers of eggs of t h e  McDaniel s p i d e r  mi tes .  



Here aga in ,  t he  r e s u l t s  were v a r i a b l e  i n  i n d i v i d u a l  t e s t s .  P o s i t i v e  r e s u l t s  

were obta ined  i n  22 of 32 samplings, o r  6% of t he  time. The f a c t  t h a t  eggs . 
: - a r e  removed by s p r i n k l i n g  must account f o r  t h e  g r e a t e r  degree of c o n t r o l  
r 

s p r i n k l i n g  has  on McDaniel s p i d e r  mi tes  t han  European r ed  mi tes .  Although 

a c t i v e  forms of  European red  mi t e s  were reduced i n  number each t ime t h e  t r e e s  

were s p r i n k l e d ,  t h e  e f f e c t s  were on ly  ve ry  temporary. The r a t e  of i n c r e a s e  

over  t h e  5 week per iod  d i d  not  d i f f e r  m a t e r i a l l y  from t h e  check t r e e s .  The 

r a t e  of i n c r e a s e  of McDaniel s p i d e r  mi tes  over  t h e  5 week pe r iod  was much 

h ighe r  on t h e  check t r e e e  than  on t h e  s p r i n k l e d  t r e e s .  Treatment #1 checks 

inc reased  17.2 t imes  over  t h e  pre- t reatment  counts  whi le  t rea tment  #2 checks 

inc reased  11.3 times. The s p r i n k l e d  t r e e s  i nc reased  1.04 and 0.40 t imes 

r e s p e c t i v e l y  du r ing  t h e  same period.  

Extens ive  f o l i a g e  i n j u r y  could be observed on t h e  #2 check t r e e s  by t h e  

end of t h e  experiment.  L i t t l e ,  i f  any, v i s i b l e  f o l i a g e  i n j u r y  occurred on 

t h e  s p r i n k l e d  t r e e s .  



61. 
F i p .  5 Cornpar  son o f  e v c r o r o  numbers  o f  ml t e s  p e r  l e s t  

on 2 r p p l e  t r e e s  t r r c p a t ~ d  a ~ t h  o v e r t r e e  s p r l n k l e r r  and 
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e. Commercial Orch.?rd Trials 

i 

Mite populations were compared in overtree and undertree sprinkled blocks 

in 3 commrrcial apple orchards during 1968 and 1969. One orchard was sampled 

for mites in 1968 at Yakima, Washington. During 1969 two orchards were 

- sampled; one at Summerland, B.C. and the second orchard near Naramata, B.C. 

All three orchards had overtree sprinkler systems installed on a portion of 

the orchard and conventional undertree sprinklers installed on the remaining 

portion. 

The purpose of these trials was to find out to what degree overtree 

sprinklers controlled mi.tes under actual orchard conditions by comparing mite 

populations in overtree sprinkled and undertree sprinkled blocks. 

Fifty leaf samples, 10 leaves from each of 5 trees, were picked from 

spurs on marked limbs. The orchards were sampled every 2 weeks beginning 

June 1 and continuing until September 9. During 1968, weekly samples were 

taken after July 1. Each leaf sample was kept in an ice cream carton and 

refrigerated, then brushed and counted using the method described by Henderson 

and McBurnie (1943). 

Allan Brothers Orchard - Yakima, Washington 
This orchard was a block of 22 year old Red Delicious apples planted 

28 feet by 28 feet. One half of the orchard was irrigated with overtree 

sprinklers spaced 56 feet by 56 feet. The sprinkler heads were Rainbird 30 

fitted with a 1/8-inch front jet and a 3/32-inch rear jet. Sprinkler heads 

were mounted on 14 foot-high risers. Each sprinkler was operated at 50 psi 

and delivered 5.15 gpm. The orchard received 9 irrigations beginning about 

June 1. The duration of each irrigation was 12 hours or 24 hours depending 



on the soil moisture and weather conditions. Twelve-hour irrigations applied 

1.92 inches of water and 24 hour irrigations applied 3.84 inches of water. 

The undertree sprinkled block was irrigated with portable low-level 

sprinklers and received the same number of irrigations and approximately the 

same amount of water as the overtree sprinkled block. Cultural practices and 

spray programs were the same in both blocks. 

Spray Program 

Dormant spray March 22 Volk oil + Ethion 74 gal'./acre 
First cover May 31 ' Diazinon 25 wp. 8 lbs/acre 
Fecond cover June 30 Diazinon 25 wp. 8 lbs/acre 

The McDaniel spider mite population peaked at 1.6 mites per leaf on July 

8 (Fig. 7) in the overtree sprinkled block and then remained less than 1 

mite per leaf the rest of the season. Although the McDaniel spider mite pop- 

ulation in the undertree block was comparable to that in the overtree block on 

June 1, the mites in the undertree sprinkled block reached an average of 35.0 

mites per leaf on July 29. There was visible leaf injury on many of the trees 

in the undertree sprinkled block but predaceous phytoseiid mites prevented the 

McDaniel spider mites from increasing during August and September. 

Apple rust mites also reached higher numbers in the undertree sprinkled 

block. But their numbers were also reduced in August and September by phyto- 

seiid mites. No acaricides were applied during the season in either the 

overtree or undertree sprinkled blocks. 

The average number of mites per leaf from 14 samplings was as follows: 

McDaniel spider mite 
Apple rust mite 
T. occidentalis - 

Overtree Block Undertree Blo;.lc . - 



64. 

European red  mi tes  d id  not  appear  i n  t he  o v e r t r e e  s p r i n k l e d  block and 

made on ly  a  b r i e f  appearance i n  t h e  unde r t r ee  s p r i n k l e d  block. 
% 



I 
F i g .  7 A l l z n  B r o s .  O r c h a r d .  A v e r a g e  n u m b e r s  o f  

m i t e s  p e r  l e a f  o n  D e l i c i o u s  a p p l e  t r e e s  i r r i g a t e d  w i t h  
o v e r t r e e  s p r i n k l e r s  a n d  t r e e s  i r r i g a t e d  p i t h  u n d e r t r e e  
s p r i n k l e r s .  
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U n d e r t r e e - - - -  , I  

i 8 
I I 

I 
I 
I 
I 
1 
I 
I 
I 
I I 

June J u l y  Aug. ~ e p t .  

1 A A p p l e  R u s t  M i t e s  ,\ 

O v e r t r e e  -,- I I 
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June J u l y  Alrg. S e p t .  , 
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Net t l e ton  Orchard - Naramata 

This  p l o t  cons i s t ed  of 65 t r e e s  of va ry ing  age which have been ove&ree 
. 

sp r ink led  f o r  t h e  p a s t  20 years .  S p r i n k l e r s  were spaced 60 x 60 f e e t  on a  

d iagonal  p a t t e r n  wi th  r i s e r s  up through t h e  c e n t e r s  of  t he  o l d e r ,  l a r g e r  t r e e s .  

S p r i n k l e r s  were t h e  l a r g e ,  impact-type, Rainbird 40 wi th  a  5/32-inch and a  

3/16-inch nozzle .  Dole, 8 gpm flow r e g u l a t o r s  were i n s t a l l e d  under each 

s p r i n k l e r .  The s p r i n k l e r s  were on 24 f o o t  r i s e r s  which j e t t e d  t h e  water  w e l l  

above t h e  tops  of t h e  l a r g e s t  t r e e s .  

F ive  l a r g e  o l d  De l i c ious  t r e e s  and f i v e  s m a l l e r  t r e e s  (about 10  y e a r  

o l d s ) ,  were sampled from t h i s  block and s i m i l a r  t r e e s  were sampled i n  an  

a d j o i n i n g  app le  b lock  which was s p r i n k l e d  wi th  an unde r t r ee ,  p o r t a b l e  s p r i n k l e r  

system. 

Both t h e  s p r i n k l e d  and non-sprinkled t r e e s  rece ived  t h e  same s p r a y  

program and c u l t u r a l  p r a c t i c e s  were t h e  same i n  each block. 

Spray Program 

Dormant s p r a y  A p r i l  16 Dormant o i l  + Ethion  8 ga l /acre  
Pink s p r a y  May 6 Guthion 5076 WP 1% l b s l a c r e  
F i r s t  cover  May 28 Guthion 50$ WP 1% l b s / ac re  
Second cover  June 1 9  Guthion 5 6  t. Omits 1.k, 4 ' f h f m e  
Third cover  J u l y  16  Eth ion  25% WP 4 lb s / ac re  
Four th  cover Aug. 5  Eth ion  25$ WP 4 lb s / ac re  
F i f t h  cover  Aug. 14  Ethion 25% WP 4 lb s / ac re  

European r e d  mi t e s  reached i n j u r i o u s  l e v e l s  i n  bo th  blocks and a n  i n t e n -  

s i v e  chemical c o n t r o l  program was r equ i r ed  t o  prevent  economic damage from 

occurririy.  Although t h e  o v e r t r e e  s p r i n k l e d  block d i d  not  need t h e  August 5 

and August 14 sp rays ,  i t  was, n e v e r t h e l e s s ,  sprayed a long  w i t h  t h e  r e s t  o f  

t h e  orchard  t o  a s s u r e  cons is tency .  Poor t iming  of chemical sp rays  and poor 

coverage probably accounted f o r  t h e  i n e f f e c t i v e n e s s  o f  t h e  chemical c o n t r o l  

program. 



b 
[ overtree sprinkled block of 31.4 mites per leaf in the old trees ( ~ i ~ .  8) 

and 14.0 mites per leaf in th5 young trees (I?ig. 9). In the undertree block, 

European red mites peaked on July 28 with 64 and 178 mites per leaf, respec- 

tively. 

The initial infestation on June 1 was the same in both blocks of large 

trees (0.6 actives per leaf) but was somewhat higher initially in the smaller 

trees of the undertree block than the ones in the overtree sprinkled block. 

( 0  actives and 2 eggs in overtree - 0.7 actives and 17 eggs in the undertree 
block. ) 

The average numbers of European red mites per leaf from 8 samplings was 

as follows: 

Large trees 
Small trees 

Overtree Block Undertree Block 

Apple rust mites reached higher levels in the undertree sprinkled blo.ck 

and the seasonal average was much higher than in the overtree block. 

Rust mites peaked at 175 and 247 per leaf in the overtree block and 442 

and 528 mites per leaf respectively in the undertree block. 

The average number of rust mites per leaf during the season was as 

follows : 

Overtree Block Undertree Block 

Large trees 
Small trecs 

McDaniel spider mites made only a brief appearance reaching a level of 

only 0.5 mites per leaf on a single count. 



Phytoseiid mites were present in relatively large numbers throughout 

the season in both blocks which probably accounts for the lack of McDaniel 

. 
spider mite infestation. 

Although phytoseiids were present in large numbers in both blocks, they 

did not feed on European red mites to any extent until fairly late in the 

season. 

Foliage injury was moderate to severe in all trees in the undertree 

sprinkled black while only one tree showed visible leaf injury in the over- 

tree sprinkled block. 
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1 Crof t  Orchard - %urnmerlnnd 

Permanent o v e r t r e e  s p r i n k l e r s  were i n s t a l l e d  i n  e a r l y  1969 i n  10 a c r e s  

of a  15; a c r e  apple  orchard.  %The remainder was i r r i g a t e d  wi th  a  convent iona l  

unde r t r ee  p o r t a b l e  s p r i n k l e r  system. Trees were 10  t o  12 yea r  o ld  Red 

Del ic ious  and Spa r t an  p l an ted  7; x 15 f e e t  wi th  s p r i n k l e r s  spaced 45 x 523  

f e e t .  S i n g l e  nozz le  Buckner model 860 s p r i n k l e r s  were used on 10 f o o t  r i s e r s .  

S i n g l e  5/32-inch nozz les  ope ra t ing  a t  40 p s i  d e l i v e r e d  5  gpm from each  

s p r i n k l e r .  Each s p r i n k l i n g  was 12  hours  d u r a t i o n  and t h e  i n t e r v a l  between 

i r r i g a t i o n  was 6  days. 

Five Red Del ic ious  t r e e s  and f i v e  Spar tan  t r e e s  were sampled i n  each 

block. A t o t a l  of e i g h t ,  50-leaf samples were taken  from each b lock  begin- 

n ing  June 1 and ending September 8. The sp ray  program was i d e n t i c a l  i n  each 

b lock  and o t h e r  orchard  p r a c t i c e s  were t h e  same. 

Dormant s p r a y  
F i r s t  cover  
Second cover  

Thi rd  cover J u l  

Spray Propram 

dormant o i l  8 ga l /acre  
Imidan 50$ WP 4 lb s / ac re  
Imidan 5% WP 4 l b s / a c r e  

(+ Thiodan 4 lb s / ac re  on o v e r t r e e  block)  
-Y 15  Omite 5% WP 4 l b s / a c r e  

(except  o v e r t r e e  s p a r t a n s )  

A s i n g l e  a p p l i c a t i o n  of Omite was made t o  t h e  orchard  on Ju ly  15 t o  

c o n t r o l  European r ed  mi tes .  McDaniel s p i d e r  mi t e s  made on ly  a b r i e f  appear- 

ance ,  r each ing  10 mi t e s  pe r  l e a f  i n  t h e  unde r t r ee  s p r i n k l e d  Del ic ious  t r e e s  

on J u l y  14 bu t  had n e a r l y  d isappeared  2  weeks l a t e r .  

European r ed  mi t e s  peaked a t  16.2 mi t e s  pe r  l e a f  on the  o v e r t r e e  i r r i g a t e d  

De l i c ious  ( ~ i ~ .  10)  and 3.0 mi tes  per  l e a f  on t h e  Spa r t ans  ( ~ i ~ .  11). 

I n  t h e  unde r t r ee  s p r i n k l e d  b lock ,  European r ed  mi tes  peaked a t  20 mi tes  

pe r  l e a f  on Del ic ious  and 11.3 on Spar tans .  



The average number of European red mites per leaf from 8 samplings is 

listed below: 
. 

Overtree Irri~ated Undertree Irrigated 

Delicious 
Spartan 

Apple rust mites also remained at a lower population level throughout 

most of the season in the overtree irrigated block than in the undertree 

irrigated block. 

Delicious 
Spartan 

Overtree Irrigated Undertree Irrigated 

The differences in mite population were not great, but numbers of mites 

were consistently higher in the undertree sprinkled block. Had Omite not been 

applied and the mites permitted to go through a natural cycle, the difference 

would likely have been enhanced. 

There was very little visible leaf injury from mites in either block. 

Leaf hoppers caused extensive damage, however, particularly to Delicious 

during first generation. Second generation leaf hoppers caused considerable 

injury throughout the orchard. 



F l g .  10 C r o f t  O rcha rd .  Ave rage  numbers  o f  r n l t e s  F l o .  11 C r o f t  O r c h e r f .  A v e r a o e  n u ~ b c r s  o f  r n ~ t e s  k>rr 
p e r  l ea f  on O c l l c u o u s  a p p l e  t r c e s  u r r ~ g a t e d  r l t h  o v e r t r e e  l e a f  i n  s p a r t a n  a p p l e  t r e e s  l r r l j a t e d  r u t h  o v e r t r e r  
s p r l n k l e r s  a n 6  t r e e s  1 r r 1 y a t c 6  with u n d e r t r e c  s p r  ~ n k l e r s .  sprinklers and t r e e s  l r r l 3 a t e L '  W I  t h  u n c ' c r t r e e  r p r  l r , : , lct .  

.'a ,." : 
CROFT - DLLlClOUS 

CROFT- ARTA 

Eu ropean  Red M l t e s  

I 
I i European  Red M i t e s  

I O v e r t r e e  - 
r: Under t r e e  ---- 

4 %  I * 

J u l y  AW.  S e p t .  

CROFT-DELI CI  OUS 

A p p l e  P u s t  M i t e  

CROFT-SPARTAN 

A p p l e  R u s t  M i t e s  

O v e r t r e e  - 
Under t r e e  ----,,- 

O v e r t r e e  

U n d e r t r e e  ---- - -- 

CROFT-DELICIOUS 

PHYTOSEIIDS 

CROFT-SPARTAN 

PHYTOSEIIDS 

O v e r t r e e  -- 
U n d e r t r e e  -,,-,a 

. O v e r t r e e  - 
U n d e r t r e e  ------ 

June  J u l y  Sep t .  



The commercial orchard trials demonstrated that overtree sprinkling 

systems, when used in 3 normal irrigation schedule, can effectively reduce 
% 

the population density of phytophagous mites. 

Sprinkling prevented the McDaniel spider mite from reaching injurious 

levels but did not prevent the European red mite nor the apple rust mite 

from reaching damaging numbers. Although sprinkling did not control the 

latter two species, population densities of these mites did not reach the 

levels attained in the undertree sprinkled blocks. 

The population densities of phytoseiid mites responded to changes in 

prey numbers. Consequently these were higher numbers of phytoseiids in the 1l/ll 
E l m  
il'l 

undertree sprinkled trees than in trees that were irrigated with overtree 1 
))I 

sprinklers. 
I 

5. Discussion and Conclusions 

I have shown that the most damaging orchard mite, the McDaniel spider 

mite can be controlled by the application of water through an overtree 

irrigation system. Furthermore, tests show that sprinkling suppresses the 

development of populations of European red mites and apple rust mites but 

does not directly affect phytoseiid mites that prey on orchard mites. 

Although initial tests did not always show positive results, as work 

progressed and more experience gained in the use of suitable plot design 

and sampling techniques, results become more consistent and the data more 
b 

t 

C meaningful. 

i The problem of testing overtree sprinklers for mite control is difficult 

in that the physical control of mites from a single sprinkling period is 



comparatively small, with maximum reductions ranging from 40 to 60 percent. 
I 

The common techniques employed by researchers, such as those used to evaluate I 
acaricides, are considered b i  most authorities to be, at the most, 75 percent 

" I 
accurate  organ, personal communication). This presents no problem when 

testing acaricides because the differences between treated and untreated 

material are much greater, usually 80 to 100 percent, When one attempts to 

show differences of 50 percent or less and the biological variation is 25 I 

percent, experimental design and sampling techniques become very critical. 

In the early season, uneven distribution of mites is a primary cause of 

variation between samples. Variation in distribution of mites occursbetween ,&I ~IIIII 1 ; 
/Ill 

trees, between branches of the same tree, and between leaves on the same spur 1 
(( 

on the same branch of a tree. 

Fluctuations in population density are another cause of variability since 

there is no stable population of mites. These fluctuations are the result of 
I 

many factors, including completion of generations, dispersal, predation, and I 

diapause. Huffaker et a1 (1969) reviews the problems in sampling and studying 

mite populations. 

Experiments using detached leaves greatly reduced the problem of varia- 
1 I 
I t  ' 

bility due to sampling error. Some basic information was obtained with this , 
1 
1 

method which provided a basis for further experimentation. These tests showed i 
I , 

that control of the active stages of European red mites and McDaniel spider 

mites on trees would probably not exceed 60 percent from each sprinkling. 

Immature stages of European red mites were more easily washed from leaves than 

adults, which suggested that sprinkling might be most effective if done when 

only immature mites were present. Adult European red mites migrated to the 

lower surface of leaves where they were more protected from ~prinkler water. 



Adult McDaniel s p i d e r  mi t e s  d i d  I 3 t  show t h i s  response t o  s p r i n k l i n g .  

Nearly a l l  McDaniel s p i d e r  mite  eggs were washed o f f  t h e  upper l e a f  

s u r f a c e  a f t e r  on ly  a s h o r t  per iod  of s p r i n k l i n g .  But European r ed  mi te  eggs 

wert no t  washed from l eaves ,  even a f t e r  24 hours  of cont inuous s p r i n k l i n g .  

These d i f f e r e n c e s ,  observed on detached l e a v e s ,  probably account f o r  t h e  

d i f f e r e n t  responses  of t h e s e  two mi te  s p e c i e s  i n  t h e  l a r g e r  s c a l e  f i e l d  t r i a l s .  

Genera l ly ,  t h e  r e s u l t s  ob ta ined  from s p r i n k l i n g  and sampling e n t i r e  t r e e s  

were t h e  same a s  i n  t h e  detached l e a f  experiments bu t  r e s u l t s  from e n t i r e  

t r e e s  were much more d i f f i c u l t  t o  i n t e r p r e t  because of t he  extreme v a r i a b i l i t y  

encountered i n  orchards.  

V a r i a b i l i t y  due t o  sampling e r r o r  wes reduced by marking i n d i v i d u a l  

s p u r s  and always resampling from t h e  same spu r s .  The method was time-consum- 

i n g  and w a s  no t  s u i t a b l e  f o r  long-term experiments because t h e  spu r s  were de- 

nuded of uniform-sized l e a v e s  a f t e r  t h e  second o r  t h i r d  sampling. Even 

d e t a i l e d  marking of s p u r s  d i d  not  e l i m i n a t e  v a r i a b i l i t y .  The May 20 exper i -  

ment i s  an example. European r e d  mi te  eggs showed a 35% r educ t ion  on t h e  

s p r i n k l e d  t r e e  i n  a 23  hour per iod .  S ince  i t  was shown e a r l i e r  t h a t  eggs were 

no t  washed from t h e  l e a v e s  by s p r i n k l i n g ,  and t h e  eggs were n o t  y e t  ha tch ing ,  

t h e  r educ t ion  can only  be accounted f o r  by sample v a r i a b i l i t y .  

V a r i a b i l i t y  was g r e a t l y  reduced i n  t h e  May 21  experiment w i t h  European 

r e d  mi tes .  The popu la t ion  c o n s i s t e d  e n t i r e l y  of a d u l t s  which developed from 

overwintered eggs. The females  were e a s i l y  seen  w i t h  t h e  naked eye and were 

counted wi thout  removing t h e  l e a v e s  from t h e  t r e e .  A f t e r  s p r i n k l i n g ,  t h e  

remaining mi t e s  were aga in  counted on t h e  same l eaves ,  The e r r o r  i n  v i s u a l  

count ing  was probably l e s s  than  1% which i s  g r e a t e r  accuracy than  wi th  t h e  

brushing  method. The method was ve ry  time-consuming and t h e r e  a r e  only  a 



few days each year when only the adult stages of European red mites are 

present on the trees. 

In later experiments, sample variability was kept to an acceptable level 

by carefully selecting and marking small sections of branches for sampling. 

The marked sections were only large enough to provide the required nu~her of 

uniform-sized spur leaves for the duration of a test period. 

Variability was less of a problem late in the season. The distribution 

of mites was then quite uniform between leaves in the same area of the trees 

and results during August and early September were consequently more con- 

sistent. 

Predation by phytoseiid mites also made it difficult to interpret the 

results. In the June 6 test with European red mites, it was impossible to 

separate the influence of sprinkling and the influence of phytoseiids on the 

rapidly declining population of European red mites. The same situation 

occurred in the July 9 experiment with McDaniel spider mites. Although 

sprays had been applied earlier to rid the trees of phytoseiids in the latter 

test, they soon recovered and eventually destroyed the population of McDaniel 

spider mites. Phytoseiids had evidently acquired a high degree of resistance 

to standard rates of DDT and Guthion in the test orchard. Two sprays of 

Sevin 80s at 1% lbs. per 100 gallons of water, applied 3 weeks apart, com- 

pletely destroyed a population of phytoseiids and prevented their resurgence 

during the series of tests from August 1 to September 12. The best results 

were obtained from the latter experiment. 

The important fact brought out in tests where phytoseiids were present , 

was that overtree sprinkling did not retard their development. Furthermore, 

sprinkling did not reduce their effectivenes~ as predators. The population 
I 



density of phytoseiids is highly dependent on the abundance of suitable prey. 

Whether an orchard is overtree sprinkled or not seems of little importance. 

The fact that phytoseiids are-found primarily on the lower surface of leaves 

apparently favored their survival. 

Apple rust mites survived overtree sprinkling in large numbers in both 

of the commercial orchards sampled in 1969, The abundance of rust mites in 

the Nettleton orchard, which has been overtree irrigated for the past 20 years, 

would indicate that apple rust mites will continue to be an important food 

source for phytoseiid mites in these orchards. 

One unanswered question, and one that warrants further research is whether 

the European red mite will become a more serious problem in orchards that are 

overtree irrigated. Although individual sprinklings gave fairly good control 

of active stages of European red mites, the eggs were not affected and egg 

laying was not retarded. The rate of increase of European red mites did not 

differ from non-sprinkled trees in the July 31 to September 12 test. Although 

the two commercial orchards had fewer European red mites in the sprinkled 

blocks than in non-sprinkled blocks both required summer chemical control 

measures. The situation may be similar to that which now exists in orchards 

under integrated mite control programs. When populations of McDaniel spider 

mites are destroyed by 2. occidentalis, European red mites become the dominant 

species and, unless pre-bloom sprays are applied, populations will reach 

damaging levels ( ~ o ~ t ,  1969b). Timing of overtree irrigations to intercept 

the larvae and protonymph stages of the first summer generation may provide 

substantially better control since only active mites are present at that time. 

As the period from hatching of winter eggs to the deposition of the first 

summer eggs is critical for a population to develop a decimation of the first 



gene ra t ion  would c u r t a i l  t h e  p o t e n t i a l  development of European red  mi t e s  

much more e f f e c t i v e l y  than  would be t h e  case  i n  a l a t e r  gene ra t ion .  Further ,  . 
r e s e a r c h  is needed i n  t h i s  a r ea .  

Of t h e  s p e c i e s  s t u d i e d ,  t he  g r e a t e s t  e f f e c t  from o v e r t r e e  s p r i n k l i n g  was 

on McDaniel s p i d e r  mi tes .  Although popula t ions  of McDaniel s p i d e r  mi t e s  d i d  

not  develop i n  t h e  two commercial o rchards  i n  1969, good r e s u l t s  were obta ined  

i n  t e s t  p l o t s  i n  which popula t ions  were a r t i f i c i a l l y  s t imu la t ed .  

The J u l y  31 t o  September 12  t e s t  showed t h a t  McDaniel s p i d e r  mi tes  can be 

kep t  below i n j u r i o u s  l e v e l s  over  a  6 week per iod  by i r r i g a t i n g  i n  a  normal 

manner w i th  o v e r t r e e  s p r i n k l e r s .  The popu la t ion  inc reased  on ly  4% and 104% 

i n  t h e  s p r i n k l e d  t r ea tmen t s  wh i l e  11-fold and 17-:.jld i n c r e a s e s  were measured 

on check t r e e s  du r ing  t h e  same per iod .  It was n o t  demonstrated t h a t  a  h igh  

r a t e  of  water  a p p l i c a t i o n  provided b e t t e r  c o n t r o l  than  t h e  s t anda rd  r a t e .  

Fu r the r  r e s e a r c h  should  be done i n  t h i s  a r ea .  S ince  t h e  t e rmina l  v e l o c i t y  of 

r a ind rops  i n c r e a s e s  w i t h  drop diameter   a able 22) t h e  impact w i t h  the  l e a f  

s u r f a c e  would be g r e a t e r  f o r  l a r g e  d r o p l e t s  t han  small d r o p l e t s .  The same 

would be t r u e  f o r  s p r i n k l e r  d r o p l e t s .  



Table 22 - Terminal Velocity of Raindrops in Still Air 

Dime ter 
u 

5,000 

1,000 

500 

200 

Rate of fall Type of drop 
f t/mi'n m sec 

1,750 8.9 Large raindrop 

790 4.0 Small raindrop 

555 2.8 Fine rain or large drizzle 

300 1.5 Drizzle 

from Petterssen (1941) 

Whether overtree sprinkling can prevent McDaniel spider mites from reach- 

ing injurious levels during an entire season is uncertain. It is unlikely that 

overtree sprinkling, unassisted by phytoseiids, is effective enough during 

periods of high summer temperatures to prevent McDaniel spider mites from 

reaching economic injury levels. The presence or absence of phytoseiids is 

probably far more important in regulating populations of ikDaniel spider mites 

than are overtree sprinklers. Fortunately the two complement one another. 

Overtree sprinklers would probably enhance biological control of McDaniel 

spider mites by phytoseiid mites in sound integrated programs. 

The main limitations of overtree sprinkling as a physical control agent 

is that mites on the lower surface of leaves are not greatly affected. The 

lower leaf surfaces remain dry even after prolonged irrigation. It has 

already been mentioned that European red mites crawl to the lower surface of 

leaves in response to moisture. Infestations of all three phytophagous species 

begin on the lower leaf surface. Only when the population density increases 

do they move to the upper leaf surface. 

C.V.G. Morgan of the Summerland Research Center has studied the seasonal 



distribution of mites on apple trees for the past several years. Included in 

the data he has collected to date is the seasonal distribution of mites on 
. 

upper and lower leaf surfaces. Morgan's data for 1968 may be briefly sum- 

marized as follows: 

The seasonal distribution of McDaniel spider mites on Delicious apple 

leaves, though wide variations occurred, was largely on the lower leaf surface. 

A high percentage of the leavt s were infested on the lower surface with no 

mites at all on the upper surface. Conversely, few leaves had mites on the 

upper surface and no mites on the lower surface. A large number of leaves had 

damaging numbers of mites on the lower leaf surface and no mites on the upper 

surface. My observations in 1969 agree with Morgan's conclusions, The 

absence of McDaniel spider mites from upper leaf surfaces, even at high popu- 

lation densities, was very striking. This does not agree with observations 

I have made of the distribution of McDaniel spider mites at Yakima where a 

much larger proportion of the mites inhabit upper leaf surfaces, There was 

also a noticeable lack of webbing on infested leaves at Summerland compared 

to the Yakima strain. These differences are probably due to inherent differ- 
s - -  < - 

ence between the mites in the two areas and not to a seasonal peculiarity. 

European red mites were fairly equally distributed on upper and lower 

leaf surfaces except at low populations where many leaves had mites only on 

the lower surface. Apple rust mites were also nearly equally distributed on 

upper and lower leaf surfaces except at low population densities. 

Phytoseiids were found almost entirely on the lower leaf surface, even 

at high population densities. But Hoyt (personal communication) found that 

the distribution of phytoseiids on leaf surfaces changes according to the 

time of day that the sampling is done. A greater proportion of phytoseiids 



were found on the  upper l e a f  s u r f a c e  i n  t h e  e a r l y  morning and evening than  a t  

mid-day. 

The imp l i ca t ions  of  t h e s e  s t u d i e s  of mite  d i s t r i b u t i o n  a r e  apparent .  

When mi t e s  occur  predominantely on lower l e a f  s u r f a c e s ,  c o n t r o l  wi th  o v e r t r e e  

s p r i n k l e r s  w i l l  be l e s s  e f f e c t i v e  than  when mi t e s  i n h a b i t  t h e  upper l e a f  sur -  

f ace .  Hoyt ' s  r e c e n t  f i n d i n g  on t h e  d i u r n a l  changes i n  t h e  d i s t r i b u t i o n  of 

phy tose i id s  imp l i e s  t h a t  daytime s p r i n k l i n g  might have a  l e s s  adverse  e f f e c t  

on p h y t o s e i i d s  than  n igh t t ime  s p r i n k l i n g  s i n c e  fewer of t h e  p r e d a t o r s  would 

be washed from t h e  f o l i a g e  du r ing  t h e  day. 

The i n j e c t i o n  of su r f ace -ac t ive  agen t s  i n t o  t h e  s p r i n k l e r  system should 

a l s o  be i n v e s t i g a t e d  as a  means of  enhancing mi te  c o n t r o l .  Reducing t h e  

su r f ace - t ens ion  of t h e  water  could r e s u l t  i n  more r a p i d  and uniform we t t ing  

o f  f o l i a g e  and cause m i t e s  t o  become immobilized and unable t o  escape t h e  

water  d r o p l e t s  o r  even prevent  them from g rasp ing  t h e  l e a f  su r f ace .  The 

a d d i t i o n  of su r f ace -ac t ive  agen t s  may a l s o  cause t h e  wa te r  t o  c r eep  and t o  

wet t h e  under s u r f a c e  of l e a v e s ,  p o s s i b l y  f u r t h e r  enhancing c o n t r o l .  

The advantages of  u s i n g  o v e r t r e e  s p r i n k l i n g  f o r  mi t e  c o n t r o l  on app le s  

f a r  outweigh t h e  d isadvantages .  l ~ h e  method i s  economical and safe for the 

ope ra to r  and can reduce t h e  need f o r  p e s t i c i d e  a p p l i c a t i o n s . /  The f e a r  t h a t  

some workers expressed i n  t h e  e a r l y  l i t e r a t u r e  t h a t  o v e r t r e e  s p r i n k l i n g  might 

cause an  environment f avo rab le  f o r  t h e  sp read  of d i s e a s e  has ,  s o  f a r ,  no t  

ma te r i a l i zed .  Growers who have i n s t a l l e d  o v e r t r e e  i r r i g a t i o n  systems r e p o r t  

l e s s  inc idence  of apple  powdery mildew, Podosphaera l e u c o t r i c h a .  S p r i n k l i n g  

e v i d e n t l y  p reven t s  secondary i n f e c t i o n s  by washing t h e  air-borne s p o r e s  from 

t h e  f o l i a g e .  



The incidence of apple scab, Ventusia inaequalis, has not increased in 

orchards in the Southern Okanagan as a result of overtree sprinkling 

(~o~ntecki, 1969), but fire biight, Erwinia amglovora, has been observed. 

Although fire blight does little damage on apples in British Columbia, 

foreign trade could be affected as these markets assume apples shipped from 

British Columbia to be free of this disease organism. 

Williams (1961) and Pielou et ~ 2 1 .  (1962) showed that residual deposits 

of the insecticides Guthion and Sevin are rapidly removed from apple foliage 

when the trees -re irrigated with overtree sprinklers. These results indi- 

cate that, when overtree sprinklers are used, irrigation should be delayed 

as long as possible after spraying. 

The problems associated with overtree - irrigation have, thus far, been 

minor ones. But horticulturists, entomologists and pathologists should keep 

a watchful eye for problems that may ultimately develop. 
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Table 1 - Average number of mites per leaf on an apple tree irrigated 
4 times with overtree sprinklers. Standard rate.l* 

- 

~ r G e  1 - A North Limb 
Date - European Red Mites McDaniel Spider Mites Phytoseiid Mites 

Active !?mi Active 
* 

8/7/69 0.6 0.2 1.8 0.8 * 
8/8/6 9 0.1 0.1 0.8 0. 

9/2/69 0 0 2.1 0.6 * 24 hdur delay in resample because of rain 
9/4/69 0.2 0.2 3.2 0.3 

Active 

0 

0 

0.1 

0.2 

0 

0 

0 

0 

Date - European Red Mites 

9/2/69 2.4 0.3 
* 24 hour delay 

9/4/69 8.0 0.6 

Tree 1 - A South Limb 
McDaniel Spider Mites 

932 Active 

2.4 4.4 

Phytoseiid Mites 

E Active 

1. = 0.3 inches per hour 

* = sprinkling period 



Table 2 - Average number o f  mites per  l ea f  on an apple t r e e  i r r i g a t e d  
4 times with overtree spr ink le rs .  Standard r a t e  .lo 

T x e  1 - B North Limb 

9/2/69 9.8 1.3 47.1 24.8 
* 24 hour delay 

9/4/69 20.1 0.95 39.0 16.5 

Date - European Red Mites McDaniel Spider Mites 

Active Active 

Phytoseiid Mites 

Active 

0 0 

0 0 .1  

0 0 

Tree 1 - B South Side 

Date - European Red Mites McDaniel S p i d ~ r  Mites Phstoseiid Mites 

!kE Active !WE Active E s  Active 

9/2/69 17.3 1.1 63 .O 21.0 0 0 
* 24 hour delay 

9/4/69 13.5 0.84 64.0 23.4 0 0 

9/11/69 5.6 7.4 46 .O 56.2 0 0 
?+ 

9/12/69 2.9 4.0 32 . 7 34.3 0 0 

1. = 0.3 inches per hour 

* = spr ink l ing  period 



Table 3 - Average number of mites per leaf on an apple tree irrigated 
4 times with overtree sprinkler. High rate.l* 

- A North Limb 

Date - European Red Mites - McDaniel Spider Mites Phgtoseiid Mites 

ZEiE Active BZS AC tive E Active 

9/12/69 5.1 22.6 3.9 3.0 0 0 
* 6 hours only 

9/12/69 7.4 16.0 8. 4 4.8 0 0 

Tree 2 - A South Limb 
Date - Euro~ean Red Wtes McDaniel S~ider Mites Phytoseiid Mites 

EEEE Active Active &8:s Active 

8/5/69 11.9 0.8 3.9 3.4 0.3 0 
* 

8/6/69 6.1 0.2 1.4 0.7 0 0 

1. = 0.7 inches per hour 

* = sprinkling period 



Table 4 - Average number of mites per leaf on an apple tree irrigated 
4 times with overtree sprinklers. High rate.l* 

Tree 2 - B North Limb 
Date - European Red Mites McDaniel Spider Mites Phytoseiid M i t ~ z  

Active 

1.1 

1.1 

18.6 

6.1 

12.7 

4.3 

52.5 

22 .o 

Active 

1.3 

1.8 

3.4 

2.7 

1.8 

1.7 

6.6 

3.7 

Active 

0 

0 

0 

0 

0 

0 

0 

0 

Tree 2 - B South Limb 
Date - -. European Red Mites McDaniel Spider Mites Phgtoseiid Mites 

!WE Active %€E Active 8 Active 

1, = 0.7 inches per hour 
* = sprinkling period 



Table 5 - Average number of mit 
93. 

es per Ieaf 
sprinklers. 4 times with conventional, undertree 

on an apple tree irrigated 
Check Tree. 

Tree 1 - A North Limb 

Date - European Red Mites McDaniel Spider Mites Phgtoseiid Mites 

EiXE Active EEZ Active E&@ Active 

Tree 1 - A South Limb 
Date - European Red Mites McDaniel Spider Mites Phgtoseiid Mites 

z&E Active & Active & Active 

8/4/6 9 2.1 0.8 7.1 2.2 0 0.1 

8/14/69 1.2 1.6 11.8 14.4 0.1 0 

8/21/69 2.7 1.5 10.5 14.5 0.2 0.2 

9/1/69 17.1 1.4 61.4 19.4 0 0 

9/4/69 5 .O 2.7 98.0 19.2 0 0 

9/11/69 5.7 6.7 62 .O 35 .O 0 0 



Tablr 6 - Average numbers of mites per leaf on an apple tree irrigated 
4 times with conventional, undertree sprinklers. Check tree. 

Tcee 1 - B North Limb 
Date - European Red Mites McDaniel Spider Mites 

%.#E Active QlE - Active .- 

8/4/69 0.2 O 5.1 2.0 

8/14/69 0 0.1 5.9 4.5 

8/21/69 0.9 0.6 3.5 10.5 

9/1/69 0.1 0.1 21.2 13.5 

9/4/69 2.5 0.4 43.0 13.0 

9/11/69 0.2 0 3 61.3 13 .O 

Phgtoseiid Mites 

B E  Active 

0.1 0 

0 0.1 

0 0 

0 0 

0 0 

0 0 

Tree 1 - B South Limb 
Date - European Red Mites McDaniel Spider Mites Phgtoseiid Mites 

!k€E Active EkS2 Active %€E Active -- 

8/4/69 2.5 0 4.6 0.7 0.2 0 

8/14/69 0.1 0.1 2.2 0.9 0 0 

8/21/69 3.2 0.4 0.8 3.3 0 0.1 

9/1/69 3.9 0.8 12.1 3.0 0 0 



Table 7 - Average number of mites per l ea f  on an apple t r e e  i r r i ga t ed  
4 times with conventional, undertree spr ink le rs .  Check t r ee .  

Tree 2 - A North Limb 

Date - European Red Mites McDaniel Spider Mites Phgtoseiid Mites 

&E Active EfWl Active !k€E Active 

8/5/69 7.3 1.0 1.7 6.4 0.1 0 

Tree 2 - A South Limb 

Date - European Red Mites McDaniel Spider Mites Phgtoseiid Mites 

B322 Active %E Active --- Artive 

8/5/6 9 7.1 0.1 3.9 12.9 0.4 0 

8/14/69 0.7 2 9 15.8 23 7 0.1 0 

8/21/69 0.7 3.5 91.0 38.0 0 0 

9/1/69 14.0 1.5 47.5 91.0 0 0 
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