
ability in infiltration rate measure- 
ments. 

The results of trial 3 clearly demon- 
strate the benefits of surface-applied 
gypsum in promoting cumulative infil- 
tration and in maintaining high infiltra- 
tion rates. The cumulative 24-hour in- 
filtration resulting from surface-applied 
phosphogypsum was more than three 
times the amount in trial 1, where the 
phosphogypsum was cultivated into the 
soil. The final 24-hour rate for the sur- 
face application was nearly 10 times the 
rate in trial 1 (table 2). It appears that 
cultivation in trial 1 either dispersed the 
gypsum throughout the top 4 to 6 inches 
of soil, thereby diluting its effective- 
ness, or removed it entirely from the 
soil surface. 

The effect of trenching in trial 3 was 
less apparent because of the lateral 
movement of water in the untrenched 
plots. 

Management implications 
The Wyman soil in this orchard has 

poor aggregate stability, as m e a s u d % X  
the percentage of stable aggr ates re- 
maining after dunking in wat (table 3). 
The low stability is a reflect on of lo 
organic carbon, high sand, an u 
contents. In addition, the low but sig- 
nificant exchangeable sodium percent- 
age, when combined with the low salt 
content (saturation extract electrical 
conductivity = 0.55 decisiemen per me- 
ter) is conducive to clay dispersion and 
aggregate breakdown. 

This study shows that phosphogyp- 
sum at 5 tons per acre improves water 
penetration. Phosphogypsum adds salts 
to the soil solution as irrigation water 
enters the soil, thereby promoting ag- 
gregate stability. However, it is effective 
only if it remains on the soil surface 
before irrigation. At this time, we do not 
now how long the treatment will remain 
effective, but we do know that gypsum 
is ineffective when disked into the soil. 

Traffic compacts the subsoil and 
crushes the few surface aggregates. 
Deep tillage is required to break up 
established compaction pans and sig- 
nificantly improves water penetration, 
but this treatment is short-lived if there 
is continual traffic over the soil. Re- 
duced traffic after deep tillage may be 
beneficial. 

We have not determined whether the 
phosphogypsum application or deep ti- 
lalge are economical, or if the improve- 
ment in water infiltration results in bet- 
ter tree health, vigor, yield, or crop 
quality. 

Managing spider mites 
in almonds with 
pes ticide-resistant 
predators 
blarjorie A. Hoy 0 William W Barnett 0 Lonnie C. Hendricks 
3arryl Castro 0 Daniel Cahn 0 Walter J. Bentley 

D u r i n g  the L - 3  st three vears. w have 

released into almond orchards as com- 

tive biological 
two-spotted spider mites, Tetranychus 
pacificus McGregor and T. urticae Koch, 
respectively, as well as the European 
red mite, Panonychus ulmi (Koch). 

Some insecticides used to control the 
navel orangeworm, Amyelois transitella 

Almonds at hull split, near harvest time. Pesti- 
cide-resistant predators help control spider mites 
in California almond orchards. 

(Walker) and the peach twig borer, An- 
arsia lineatella Zell., however, can dis- 
rupt this biological control. Sevin (car- 
baryl)  and Pounce o r  Ambush 
(permethrin) can induce serious spider 
mite outbreaks, in part because they kill 
native strains of M. occidentalis and 
other predators of spider mites. 

Conventional rates of pesticides that 
are specific for spider mites, such as 
Omite (propargite), Plictran (cyhexatin), 
or Vendex (hexakis), can also disrupt 
biological control by the predatory mite. 
If most of the spider mites are killed, 
these obligate predators will starve or 
disperse out of the orchard because of 
the lack of food, 

We genetically selected M. occidenta- 
lis in the laboratory for resistance to the 
insecticides Sevin and Pounce/Am- 
bush, then developed strains resistant to 
several pesticides through laboratory 
crosses and selection. One strain is re- 
sistant to Sevin and organophosphorus 
(OP) insecticides such as Guthion (azin- 
phosmethyl), Diazinon, and Imidan 
(phosmet), and another is resistant to 
OP, Sevin, and sulfure pesticides. These 
resistant strains were evaluated in the 
laboratory, greenhouse, and small field 
plots for their ability to become estab- 
lished, control spider mites, overwinter, 
and survive pesticide applications. The 
Sevin-OP and Sevin-OP-sulfur resistant 
strains performed well in these small 
trials, so large scale releases were made. 

During the 1981, 1982, and 1983 field 
seasons, we inoculated commercial al- 
mond orchards with the Sevin-OP- and 
Sevin-OP-sulfur-resistant predators. To 
do so, we reared large numbers of pred- 
ators, using a greenhouse of a soybean 
field plot method (see California Agri- 
culture, January-February 1982). Low 
rates of the selective acaricides Omite 
or Plictran were evaluated for possible 
use in adjusting the spider mite:preda- 
tor ratio, thereby helping the predator 
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third tree in every third row (one tree in red mite predominated, and the fact that 
nine) in June 1981 after Sevin was ap- M. occidentalis was able to control this 
plied in May to control peach twig borer spider mite is noteworthy. 
and navel orangeworm. Sevin reduced 
the native M. occidentalis population, Wasco Orchard 
and the released strain was able to re- Sevin-OP-resistant M. occidentalis 
place the native predators in the 14-acre were released into a 15-acre almond 
Livingston orchard. Sevin was applied orchard near Wasco in 1981. The pred- 
again at hullsplit for navel orangeworm, ators became established, overwintered, 

1983 were well 
below the damage threshold (130). No miticides were needed after v t e ay Omite application. 

t o  ensure that the predators and controlled spider mites in an or- 
chard previously known for its serious 

season, the predators was successful even though this or- 
control of the spider chard was sprayed during 1981 with the 

were resistant to Sevin 
ston orchard but overwintered spider mite problems. Establishment 

mites, and Omite (2 pounds 30 WP per 
acre) was applied in earlv and late Julv 

pyrethroid permethrin, which is highly 
toxic to this predator strain. The or- 

mites to maintain a low density of spi- 
der mites and prevent excessive damage 
to foliage. 

Each year we monitored six to eight 
commercial almond orchards from Liv- 
ingston to Bakersfield. Foliage samples 
were collected, chilled, and brushed 
with a mite-brushing machine. Active 
stages of spider mites and M. occidenta- 
lis were counted with a dissecting mi- 
croscope to obtain estimates of mean 

feeding for one day, and provides an 
estimate of foliage damage. We found 
that if more than 130 to 140 spider-mite- 
days accumulate during the season in 
an almond orchard, some defoliation is 
likely. If fewer than 130 spider-mite- 
days accumulate, almond foliage ap- 
pears green and defoliation does not 
occur in well-irrigated orchards. 

Following is a summary of a portion of 
our results on use of low rates of selec- 
tive acaricides when resistant predators 
are present and on the efficacy and 
persistence of resistant predators at re- 
lease sites. 

Livingston orchard 
About 350 Sevin-OP-resistant pred- 

ator females were released into every 

to assist them. Because- the predator chard also was sprayed with an acari- 
releases were inoculative, complete cide at full label rates in 1981. The 
control of spider mites was not e resulting lack of prey for several weeks 
ed. About 281 spider mite days cumu- should have disrupted the establish- 
lated during 1981 in this orcha d, (fig. 1) ment and presistence of M. occidentalis. 
and a small amount of defoli 'on By 1983, however, the predators were 

orchard. 
curred in dusty portions of the orchard numerous and well distributed in the 
along a dirt road. 

The  Sevin-OP-resistant predators In a representative section of the or- 
successfully overwintered and survived chard, only 103 spider-mite-days accu- 
a May 1982 application of Sevin. During mulated during 1983 (fig. 2), well below 
1982,139 spider-mite-days accumulated our tlp-di?iTd of lS(T-sp?a"l*-mic&days. 
over the season, and no defoliation oc- Omit (1 pound 30 WP per acre) was 
curred.  A lower-than-label rate of applie &; bemuse the predator- 
Omite (1 pound 30 WP per acre) applied :spider mite ratio and feeding damage 
in June to assist the predators allowed (61 spider-mite-days) indicated the 
them to suppress the spider mites until predators needed help in providing rap- 
August. At that time, a low rate of id control. Guthion was applied at hulls- 
Plictran (0.5 pound 50 WP per acre) was plit, but no acaricide applications were 
applied to prevent additional foliage required during the rest of the season. 
damage after the orchard was dried up In 1893, European red mite was the 
for harvest (fig. 1). major spider mite in the orchard, yet M. 

The  Sevin-OP-resistant predators occidentalis controlled this pest satisfac- 
overwintered successfully during 1982- torily. Unless excessive amounts of 

re applied in the future, or 
de is applied to which this 
ain is susceptible (such as 
unce), the predators are 

likely to continue providing biological 
control of spider mites in this block. The 
orchard should be monitored so that 
selective acaricides can be applied, if 
necessary, to keep spider-mite-days be- 

D 

torspider mite ratio, but no other acari- 
cides were required (fig. 1). 

During 1981 and 1982, Pacific and 
two-spotted spider mites predominated 
in this orchard. During 1983, European 
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well as Pacific and two-spotted spider 
mites involves brushing active stages of spidek mites and predators from foliage 
and counting them. The second system 

absence method or other visual obser- 
edator persistence vations in the orchard, and it requires a 

brushing machine and dissecting micro- Persistence of the Sevin-OP-resistant scope, but it provides detailed 
tion. This information (mean mtes per in in the reiease sites has 

in the Livingston and Wasco orchards been good. This strain was released into leaf, accumulated spider-mite-days, and coritrast with those in another orchard, a Bakersfield (Bidart) orchard in August predator:spider mite allows cost- 
effective management of spider mites in where acaricides were applied in a con- 1979. Sevin was applied only once, in 

ventional manner [fig. 3). The compari- 1980, yet the colonies that we recovered almonds based on a predictive model of son shows the value of assisting the from this orchard and tested in 1981, spider mite-predator interaction. This 
predators early in the season before too 1982, and 1983 had high levels of Sevin model will be described in detail else- 
many spider-mite-days accumulate. resistance. The most recent colony col- where. 
Three Rocks orchard ider mite management 

and selective acaricides Sevin-OP-resistant M. occidentalis as conventional chemi- 
fers mite control as good had been released in the 80-acre Three 
n, conventional chemi- Rocks orchard during 1981, and pred- 

ators were present in low densities in is less expensive. This 
program focuses on managing mites at May and June 2983. Despite the pred- 

ators’ presence, European red mites in- cent survival under these conditions, low densities rather than attempting to 
eradicate them from almond orchards. creased dramatically, and 288 spider- whereas a susceptible colony typically 

mite-days had accumulated in one has o to 5 percent survival. Clearly, Our studies have shown that an indig- 
enous biological control agent can be section of the orchard by early June (fig. large numbers of susceptible native M. 
taken into the laboratory, genetically 3), leading to defoliation. occidentalis have not eliminated the re- 

On May 12, the .predatorspider mite sistant strain in the Bakersfield orchard, selected and returned to commercial ratio was very poor, although only 18 nor has natural selection against the almond brchards as the primary cornPo- spider-mite-days had accumulated. Sevin resistance gene reduced its gene nent in a cost-effective integrated pro- 
gram for spider mite control. The pro- This ratio would have led to an acari- frequency. 

cide application, if our management A colony of M. occidentaiis collected gram monitors, predicts spider mite and 
guidelines had been used. In the Wasco from the Wasco orchard was also tested predator interactions, and careful- orchard, where the same number (17.5) in June 1983 with the standard dose of ly-timed applications of optimal rates of of spider-mite-days had accumu!ated by Sevin. It exhibited a 62 percent survival selective acaricides when the situation 
that same date, the low rate of Omite rate, indicating that a high level of Sevin dictates. applied in May helped the predators resistance exists, even through only one 
sufficiently to prevent defoliation, and Sevin 

low 130. result, an inadequate overwintering 
population of diapausing predators may 
mean that the spider mite:predator ratio 

Similar results were obtained during 
s, 

O u t  Of at the beginning Of the is laborious than the presence- 

usions 

July Omite application was probably ticide 
unnecessary and may even have been can b 
disruptive, becaue the predators didn’t can control spider mites in 
have sufficient prey to recover. As a San Joaquin Valley almon 
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2.4 tive acaricides at lower-than-label rates. 
These low rates should be applied early 
in the season (preferably in May or June) 
to adjust the predatorspider mite ratio 
and prevent excessive foliage damage. 

To determine ,when an application is 
required, it is necessary to monitor the 
spider mites and predators. One moni- 
toring method, which can be used after 
mid-June in orchards where Pacific or 
two-spotted spider mites predominate, 
is the presence-absence system, in 
which population estimates are based 
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