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QUALITY HAS BECOME the corner- 
stone of much of our American 
way of life. Quality control, for 

example, has become the byword of 
industrial production. 

And in another area, natural re- 
sources, maintenance of quality is rec- 
ognized as the key to our future. Our 
basic resources—air, soil, and water— 
are "limited" and must be reused. Man- 
agement and use patterns with these 
resources must be consistent with main- 
taining quality so multiple use or reuse 
is possible. 

Pollution is problem 

The major problem in resource qual- 
ity, of course, is that of pollution. 

To be sure, we still face problems of 
quantity or amounts. There is rather 
general agreement, though, that we face 
no serious shortage of specific resources 
in the next generation or so. We have 
enough food, fiber, timber, fuel, min- 
erals, and water (with possibly some 
exceptions here) to meet our needs if 
quality of the basic resources can be 
maintained. 

While we generally have sufficient 
water for essential uses, for example, 
we can allow it to become so polluted 
that it is no longer suitable for human 
consumption or for recreational use. 

One of man's greatest frailties has 
been his persistence in polluting or 
otherwise harming his environment. As 
population expands, and as our total 
society and economy become more com- 
plex and varied, this matter of pollution 
becomes more acute. 

Pollution problems were much more 
easily solved in earlier times. Nomadic 
tribes, for example, merely moved to 
a new camp site. Ready solutions such 
as this are simply no longer available. 

An exploding population, combined 
with economic growth and stimulated 
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Quality of Natural Resources 
Holds Key to the Future 

By Robert M. Alexander 

by technological change, forces adjust- 
ments in resource use unlike anything 
experienced before. The magnitude and 
rapidity of these changes, and the "by- 
product" problems they cause, are un- 
precedented. 

Our food and water supply, the air 
we breathe, our living space, and the 
natural beauty of our countryside are 
all affected by these changes. 

Truth is complex 
The most dramatic problem caused 

by pollution of our environment is that 
of possible harm to human health. To 
make the problem more complex, in a 
number of instances there is no con- 
crete evidence, only suspicion, that 
human health may be endangered. The 
accumulation of pesticides in our eco- 
system is such a case. Only through 
extensive research over a period of 
time will we be able to assess the true 
situation; only then will we know the 
effect of pesticide accumulation in the 
food chain of lower animals and ulti- 
mately, of course, any possible effect 
on man. 

Deterioration of our natural environ- 
ment—its beauty, recreational and other 
values—poses an equally troublesome, 
if less dramatic, problem of resource 
quality. The odor from certain indus- 
trial plants may not be injurious to 
health, but certainly makes life in the 
vicinity less pleasant. Likewise, render- 
ing a fine lake or stream unfit for 
swimming, boating,  or of no  further 

value for sport fishing, is a loss of real 
significance in our society. 

These changes pose great challenges 
and opportunities for the research pro- 
gram of the Agricultural Experiment 
Station. Traditionally, land grant col- 
leges in our country have continually 
adjusted to meet society's emerging 
problems. In keeping with this tradi- 
tion, more research is being conducted 
in the area of resource quality. This 
research is centered on resource man- 
agement methods for multiple social 
values and on environmental health. 

Two specific programs of the Sta- 
tion being strengthened most in this 
area of resource quality are water pol- 
lution and pesticides in the environ- 
ment. These two areas are combined in 
several studies of the effects of pesti- 
cides on water quality. 

OSU leads In research 
The Oregon Station is a recognized 

leader in both water quality and pesti- 
cide research. As a result, OSU has 
been awarded sizable grants, princi- 
pally from the Public Health Service, 
for research and training in these fields. 

The Oregon Station's initial research 
in water quality centered on oxygen 
depletion in streams from sewage and 
pulp mill wastes. The work was comple- 
mentary to, and in many cases was 
cooperative with, programs in the area 
of sanitary engineering. Major empha- 
sis in this program currently is placed 
on  the biological  effects  of  domestic 

and industrial wastes and on pesticides 
and related chemicals in water. Fresh 
water streams, rivers, lakes, and im- 
poundments—and salt water in bays 
and estuaries—are all covered in the 
program. 

Pesticide studies not new 
Pesticide research at the Oregon 

Station dates back to early in the cen- 
tury. It was concerned initially with 
control of codling moth in apples. Even 
then, the extent of and possible ways of 
removing pesticide residues received 
major emphasis. 

Extensive pesticide use, with the pos- 
sibility of some of the material ending 
up in water — underground, streams, 
lakes, bays—has focused attention on 
the water-pesticide area. The extent 
and seriousness of the problem here 
is not too clear. Some of the research 
getting under way will help clarify 
these points. Perhaps a brief review of 
several of the projects started in the 
last year or so in this water-pesticide 
area will be worthwhile. 

U One new project is concerned with 
sublethal amounts (a constant amount 
at low levels) of toxic substances in- 
cluding pesticides, on the biochemistry, 
growth, reproduction, and other body 
processes of fish and other aquatic life. 
Fresh water fish are used in this study. 

^ Laboratory streams provide the 
study facility for a new project on 
concentration or disappearance of pesti- 

(Continued on page 16) 



OSU Scientists Stud 
Many experts are conducting many kinds of research to fin 

By 
L. C. Terriere 

DEVISING WAYS to control hundreds 
of insect, weed, nematode, and 

disease pests of Oregon forests and 
seventy-five or more commercial crops 
is a complicated business. 

Scientists must first discover what 
pest causes the damage, then learn the 
pest's habits, and finally locate a con- 
trol that does not damage the crop. 
Usually this means finding a chemical 
that will destroy the pest. 

The biologist answers such questions 
as : When does the pest attack the crop ? 
At what life stage? How can it be most 
easily controlled? 

L. C. TERRIERE is Professor of Bio- 
Chemistry and Insect Toxicology, Agri- 
cultural Chemistry and Entomology at 
Oregon State University. 

Meanwhile, the chemist seeks an- 
swers to other important cjuestions: 
How will he measure the pesticide after 
it has been applied to the crop so he 
can learn how long it remains there? 
If two pesticides are present on the 
crop, can he measure each one with 
accuracy? Where does the pesticide go 
if it leaves the crop surface, or if it is 
present in the soil? If it breaks down 
in the soil or in the plant, what are the 
resulting products? If animals eat the 
crop or waste products left behind after 
harvest, will the pesticide accumulate in 
body fat or be secreted in milk ? 

To answer all these questions re- 
quires more than one expert and more 
than one kind of research. How much 
of this research is done at OSU and 
how it has helped Oregon agriculture 
is an interesting story. 

OSU scientist L. C. Terriere (left) works out a pesticide research problem on 
the chalkboard with chemist Donald A. Griffin before the laboratory work begins. 

Oregon's Agricultural Experiment 
Station recognized the importance of 
this kind of research long before it was 
recognized by most states—perhaps be- 
cause of our extensive tree fruit in- 
dustry which has always been on the 
defensive against insect and disease 
pests. 

Residue laboratory 

A pesticide residue laboratory was 
established at OSU nearly 50 years ago. 
At first this laboratory not only meas- 
ured pesticide residues on apples, pears, 
cherries, and plums but it devised ways 
to prepare some early pesticides. 

Later, when some insects controlled 
with these chemicals became resistant to 
them (thus requiring more frequent 
and heavier pesticide applications), the 
laboratory had to devise ways to re- 
move excess residues from harvested 
fruit. 

This research was done in the late 
'2()s and early '30s and, according to 
some observers of the times, saved the 
Oregon fruit industry from ruin. Our 
reputation for quality fruit was at 
stake. Research kept our competitive 
position strong. 

Several OSU laboratories are in- 
volved in present residue investigations. 
Some specialize in detection and meas- 
urement of insecticides; others in fun- 
gicides or herbicides. 

Currently, a lot of work done in the 
labs is to learn how extensive the con- 
tamination of wildlife environment has 
become or how much of the persistent 
pesticides are present in agricultural 
soils. 

A few of the many residue research 
projects now under way at OSU are 
described briefly below: 

If One project studies persistence of 
a poison used to kill trash fish in lakes 
and reservoirs. This involves analysis 



y Pesticide Residues 
d ways of safely controlling Oregon's forest and farm pests 

of aquatic plants and insects, fish, and 
water, taking samples every few 
months after the lake has been poisoned. 
Results help biologists determine when 
game fish can be returned safely to the 
lake. Valuable information about stream 
pollution and the food chain is gained 
by such studies. 

\ Another experiment is designed to 
provide information on the uptake of 
pesticide residues from soil by root 
crops grown in the soil. Both soil and 
the crop grown therein (carrots, for 
example) are analyzed for the pesti- 
cide. From the data obtained, it is pos- 
sible to advise growers when they can 
safely plant carrots or other root crops 
in contaminated soil. 

^ Another study is being made of 
herbicides and their tendency to drift 
from the point of application to an area 
where more sensitive crops may be 
damaged. Air samples taken at various 
distances and under various weather 
conditions are analyzed to learn which 
herbicides are least apt to cause trouble 
by drift. Such a study is under way in 
connection with the use of 2,4-D in the 
Milton-Freewater area. 

|| How are pesticides broken down 
by the animal body? Answers to this 
question are being sought in several 
OSU labs. For example, the rat liver 
is being studied as a source of enzymes 
which convert aldrin to dieldrin and 
heptachlor to heptachlor epoxide. Male 
and female rats are compared to learn 
whether there is a difference in the 
metabolism (or conversion) of such 
toxicants. 

In another part of this study, the 
animals are given a diet containing 
small amounts of DDT. Then the me- 
tabolic activity of their livers is com- 
pared with that of rats not exposed to 
DDT.  This  helps  determine  whether 

one pesticide (in this case, DDT) com- 
plicates the metabolism of a second 
(here, aldrin). 

Pesticide chemists who study pesti- 
cide residues must be ingenious. This 
can be understood best by noting the 
rate at which modern pesticides are 
applied to crops. A pesticide may be 
applied to the soil at only one or two 
pounds per acre. A crop grown in the 
soil may carry only a few parts of 
pesticide to several million parts of 
crop tissue. The chemist's job is to 
measure this pesticide accurately. He 
must not mistake it for another pesti- 
cide which also may be present. 

The key to success in all pesticide 
residue work is the analytical method. 
Some means of identifying one kind 
of molecule in the presence of hundreds 
of other kinds must be found. 

Let us follow a typical case and see 
how the chemist goes about his task: 

Ulo Kiigemagi is one of OSU's able 
analysts who looks for the invisible 
pesticide molecules in carrots, pepper- 
mint oil, potatoes, fish, and so on. A 
couple of years ago he was asked to 
study the residual habits of a new ex- 
perimental compound that showed 
promise of controlling nematodes and 
symphylans, serious pests of Oregon 
vegetables and field crops. 

Must find method 

No analytical method existed for this 
new pesticide, known only by its ex- 
perimental number — EN-18133. So 
Kiigemagi and his colleagues consid- 
ered various ways in which the mole- 
cule of EN-18133 might be identified 
in the presence of other molecules of 
different compounds. 

One idea was to convert 18133 into a 
colored dye and measure its color. An- 
other scheme was to partially break 
down   the  molecule  and  measure  the 

Karen  Evinger,   OSU sophomore, pours a plant extract through column to 
separate   various   compounds   in   it,   thus   permitting   measurement   of   each. 



fluorescence of one of the resulting 
products. Both schemes were tested and 
the second one seemed most promising. 

Next, Kiigemagi had to learn how to 
remove the 18133 from crop tissues— 
beans, potatoes, corn, peppermint—and 
how to do it with the inclusion of as 
few other materials as possible. 

Several different solvents were tested 
by tumbling them with chopped po- 
tatoes, beans, and so forth in a tumbling 
machine. Then the solvent extract was 
removed and examined for the presence 
of impurities and, of course, EN-18133. 
Chloroform finally was chosen as the 
best of several solvents tested. 

Hardest part left 

Now one final task remained for 
Kiigemagi, and this was the most diffi- 
cult of all. His chloroform extract of 
beans, for example, still contained 
many chemicals besides the pesticide 
18133. If these other chemicals could 
not be eliminated, it was certain that 
they would interfere with the fluores- 
cence measurement which had to be 
made at the end of the procedure. The 
problem at hand was to purify the crop 
extract without losing the pesticide. 

Kiigemagi used a column of clay to 
achieve the separation. The pesticide, 
being less strongly absorbed by the 
clay, would pass through the column 
while the impurities remained on the 
column. 

When Kiigemagi finally had per- 
fected all the steps in his procedure, he 
could detect with accuracy 5 milligrams 
(about the size of an aspirin tablet) in 
one ton of crop tissue. 

All of this required about two years. 

In the meantime, it was discovered that 
18133 was partially metabolized by 
plants to produce a product more toxic 
than its parent. 

The analytical method now had to be 
modified so this new product also could 
be measured. In a few months, a way 
was found to do this and progress in 
the development of the new control for 
symphylans went on. 

Once the 18133 (or zinophos, as the 
pesticide is now called) could be 
measured accurately and in small quan- 
tities, the research team was ready to 
study its use on vegetables and field 
crops attacked by symphylans, nema- 
todes, and certain soil insects. 

When zinophos was applied to the 
soil, analyses made every few days 
indicated how long it remained there. 
Beans planted in the soil were analyzed 
at intervals to learn if zinophos would 
be present at harvest. Other tests were 
made with corn, potatoes, carrots, cole 
crops, table beets, and peppermint. 

These experiments all showed that 
this insecticide could be used against 
soil pests without leaving residues in 
the harvest crop or product. 

This information, along with data 
supplied by station entomologists on 
the effectiveness of zinophos, provided 
the basis on which this pesticide has 
been registered for use on certain 
crops. Thus Oregon farmers were pro- 
vided with another pesticide for use 
against their many insect pests. 

The OSU residue laboratories have 
tackled many problems similar to the 
one described. When potato farmers 
ran into trouble in the fall of 1962 be- 

Ulo Kiigemagi, OSU chemist, injects a pesticide from an unknown sample into a 
gas chromatograph to determine what insecticide, and how much, is present. 

cause of possible seizures of their crop 
due to excess aldrin and dieldrin resi- 
dues, the laboratory went into action 
on several fronts. 

Tests were made of peeling methods 
to find out if residues could be reduced 
by peeling. It was found that two-thirds 
of the aldrin or dieldrin could be re- 
moved this way. Other analyses made 
in the different potato-growing regions 
in a quick survey revealed the most 
serious areas of contamination. Analyti- 
cal detective work, with both soil and 
potatoes, helped establish what had 
gone wrong in pest control practices so 
as to bring about the crisis. 

Rapid methods of analysis were de- 
veloped and taught to private labs so 
they could monitor the produce coming 
into processing plants. All of this re- 
search was done in the interest of Ore- 
gon potato growers' reputation and of 
consumer health. 

Each year in its study of new pesti- 
cides and application methods, and out 
of curiosity, the OSU lab examines 
representative Oregon crops for var- 
ious residues. 

Illegal levels are rare 

Although it is rare to find a crop or 
product with illegal levels of pesticide 
residues, cases that do turn up are 
quietly and systematically examined 
more thoroughly to learn the cause of 
the trouble. Perhaps it means that the 
recommendation needs modification or 
that some grower practices have been 
wrong. Whatever the case, the labora- 
tory assists in the detective work and 
helps  find a solution to the problem. 

Residue work at the lab is now at an 
all-time high. New instruments make 
it possible to do more analyses for more 
pesticides, and measure them at new 
low levels. 

Public interest in the pesticide resi- 
due problem has been a partial reason 
for this increased surveillance. But 
other reasons can be found also: 

Newer, more sophisticated pest con- 
trol methods need corresponding im- 
provements in analytical procedures; 
resistant pests create a need for better 
control methods: and agricultural pat- 
terns are changing with new complica- 
tions in pest control and, as a result, 
with new complications in residues. 

All of this means that residue re- 
search at OSU will be an important 
part of agricultural research for sev- 
eral years ahead. 



Sport Fish Add to Economy 
SPORT FISHERMEN have increased 

their spending tremendously in the 
past 10 years, and the upward trend 
probably will continue, predicts OSU 
economist William G. Brown. 

He admits it is hard to put a price 
tag on the value of recreation, but a 
recent OSU study shows the net eco- 
nomic value of sport fishing for salmon 
and steelhead is now about $3 million 
a year in Oregon, and the value prob- 
ably will climb to $4^ million annually 
within 10 years. 

What is more, "just any old fish" 
will not satisfy salmon-steelhead an- 
glers. Most Oregon sportsmen who 
fish for salmon and steelhead say they 
are not interested in substituting other 
types of fishing for salmon and steel- 
head fishing. 

This information was determined by 
graduate student Ajmer Singh, under 
the guidance of economists Brown and 
Emery Castle, in cooperation with the 
Oregon Game Commission. The study 
was aimed at estimating the economic 
importance of recreation provided by 
the salmon-steelhead sport fishery re- 
source in Oregon. The project was 
financed by the Game Commission. 

Various uses noted 
Brown noted that in recent years in- 

creasing demands for various uses of 
rivers and streams have resulted in con- 
cern about realistic and efficient use of 
these resources. He pointed out that 
procedures have been developed for 
estimating monetary benefits from 
water uses such as hydro-electric power, 
irrigation, navigation, flood control, soil 
conservation, and municipal and indus- 
trial water needs. Recreation benefits 
are harder to measure. 

During 1962, the year the study cen- 
tered on, Oregon salmon-steelhead fish- 
ermen spent more than $9 million for 
durable fishing equipment and more 
than   $8   million   on   current   expense 

items for their salmon-steelhead fishing 
trips. 

A breakdown of expenditures for 
durable equipment bought for salmon 
and steelhead fishing that year looks 
like this: 

Item Cost 

Tackle and gear  $1,904,800 
Boat equipment   5,493,900 
Special clothing       362,600 
Camp equipment    1,434,700 
Other equipment       150,500 

Total  , $9,346,500 

Current expense items associated 
with salmon-steelhead fishing trips dur- 
ing 1962 were as follows: 

Item Cost 

Transportation  $2,391,000 
Lodging       511,300 
Food and drink  2,847,700 
Charter boats and 

guide service       912,600 
Bait, lures, other tackle     796,700 
Boat and motor rental       260,200 
Tackle and gear rental       105,200 
Other        330,300 

Total  $8,155,000 

Counting costs of angling licenses 
for salmon and steelhead, the annual 
gross economic value of the sport was 
estimated to be about $18 million. 

From further calculations, the econ- 
omists figured the net economic value 
to be in the range of $2.4 million to $3 
million per year. 

Their research indicated that the 
salmon-steelhead sport fishery probably 
will become more valuable with in- 
creasing population, more leisure time, 
and higher family incomes. 

One sidelight of the study showed 
that salmon-steelhead anglers are not 
especially interested in fishing for other 
types of fish. When asked how they 
would spend the time freed if they were 
unable to fish for salmon or steelhead, 
only 6 percent of the fishermen ques- 
tioned chose "other" fishing. 

Oregon Game Commission photo 

Salmon—sport  for  the  angler;   food 
for his family; a value to the state. 

Before they would go fishing for 
"other" fish, most of the anglers said 
they would do such things as work in 
the house or garden, or stay home and 
do nothing. 

The study shows the importance of 
the contribution of salmon-steelhead 
sport fishing to the state's economy. 



Irrigate Poorly Drained Soils 
In Willamette Valley? answer 

is being sought in OSU's irrigation feasibility study 

EXPANSION of agricultural produc- 
tion in the Willamette Valley 

hinges largely on how practical it is to 
irrigate poorly drained soils. More than 
three-fourths of the Valley's farmland 
is made up of soils which drain poorly 
and are hard to irrigate. 

In the past, farmers have seen no 
need to irrigate these heavy soils be- 
cause nonirrigated farming has been 
successful, points out Larry Boersma, 
OSU soil scientist. But now they are 
looking to irrigation because income 
from grass seed farming is down, and a 

more   diversified    farming   operation 
would assure a more stable economy. 

Boersma heads up a study of irriga- 
tion feasibility on poorly drained soils 
of the Willamette Valley. He explains 
that Willamette and Woodburn soils do 
not have critical drainage problems, and 
a wide range of crops can be grown on 
them. However, Amity, Concord, and 
Dayton soils are more questionable. 

These soils are slow to warm up in 
the spring, are not well aerated, are in 
a poor condition to support plant 
growth from a standpoint of soil chem- 

Irrigated corn is measured by Lee Hansen  (left), agricultural sales director 
for Pacific Power and Light. OSU's Larry Boersma checks nonirrigated corn. 

istry, and are not available for tilling 
and planting until late spring. 

The research program is now in its 
second year. Five OSU departments 
are cooperating in the study. They are 
soils, horticulture, farm crops, agricul- 
tural engineering, and agricultural eco- 
nomics. Although it is called a study of 
irrigation feasibility, it involves much 
more than irrigation experiments con- 
ducted in the summer. An overall look 
at the study shows work being done 
on irrigation, drainage, fertility, new 
crops, and the economics of irrigating 
poorly drained soils. 

Drainage problems must be corrected 
before irrigation can help improve agri- 
cultural production on poorly drained 
soils. 

This problem cannot be solved in the 
farmer's field alone, Boersma empha- 
sized. Before any large-scale field 
drainage can be successful, outlets for 
farm drainage installation must be pro- 
vided in community drainage projects. 
Only when these outlets are available 
can a farmer be successful with a 
drainage program on his field. Excess 
water then can be discharged quickly 
into larger waterways and eventually 
into the Willamette River. 

Irrigation interactions 
Most of the research in the irriga- 

tion feasibility studies is designed to 
study interactions between two or more 
important treatments that might afifect 
agricultural production. Such treat- 
ments include amount of water applied, 
frequency of application, nitrogen, 
stand,  variety,  and  date of  planting. 

Two summers of irrigating crops on 
Dayton and Amity soils show that 
from a standpoint of irrigation tech- 

8 
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nique Dayton soils are nice to work 
with. Infiltration rate is quite high and 
puddling or surface sealing rarely oc- 
curs. Information concerning root de- 
velopment is incomplete at this time. 
Indications to date are that the grow- 
ing of crops during a relatively cool 
summer requires approximately 12 to 
14 inches of water for corn and 7 to 8 
inches for bush beans. 

Problems with beans 
When bush beans were first planted 

on Dayton soil which had been in rye- 
grass for many years, considerable 
trouble was experienced. Poor growth 
of the beans was tentatively identified 
as a problem of manganese toxicity 
caused by poor drainage. When present 
in high concentrations in a form which 
is most readily taken up by plants, 
manganese becomes toxic to plant 
growth. Flooded conditions during the 
winter are ideal for producing this 
form of manganese. Soil samples taken 
every three weeks from February 20 
to July 1 last year showed toxic levels 
of manganese to be much lower on the 
drained plots, resulting in improved 
bean yields. 

Another problem associated with 
excess moisture is that the soil is very 
acid (pH = 4.9), very low in potas- 
sium, and medium low in phosphorus. 

Marked response 
Experiments showed a marked re- 

sponse to both lime and potassium. 
Lime seems to help reduce toxic levels 
of manganese. Further experiments in- 
dicated the following: 

• Lime increased seedling vigor and 
yield of beans. 

• Broadcast potassium or banded 
potassium sulfate also increased yield 
of beans. 

• Potassium as potassium chloride 
banded at planting time reduced seed- 
ling vigor and may have reduced yields. 
There was a marked difference between 
broadcast potassium chloride and potas- 
sium chloride banded at planting time. 
Broadcast potassium chloride resulted 
in faster early growth and better final 
yields. These conclusions do not imply 
that muriate of potash (the most readily 
available source of potassium) will no 
longer be used, soil scientist T. L. Jack- 
son mentioned. But it probably means 
that potash applied on most acid soils 
should be broadcast. 

Recorder shows soil temperature and moisture in field to OSU scientists, from 
left, T. L. Jackson, Larry Boersma, and Linn County farmer Hector McPherson. 

• There was a marked response 
from phosphorus banded at planting 
time. 

Work to date on new potential crops 
indicates that fall-seeded flax produces 
well on poorly drained soils, including 
Dayton. To obtain top yield and insure 
against winter kill due to heaving, flax 
should be established in September, and 
normally only one irrigation will be 
needed. 

Other potential crops being looked 
at include various kinds of dry beans, 
fall-planted grasses, and fall-planted 
wheat. OSU researchers are not yet 
ready with recommendations concern- 
ing these crops. 

Chemical seedbed preparation is an- 
other important research area directly 
relating to poorly drained soil. After 
weeds have all germinated during the 
fall, the field is sprayed with a non- 
residual weed killer. Seeding is done 
without further seedbed preparation. 
This permits much earlier seeding in 
the spring than would be possible with 
conventional spring seedbed prepara- 
tion by plowing, discing, and har- 
rowing. 

One phase of the program not yet 
started will involve an economic study 

of forage and livestock management 
research. This is particularly important 
in light of the possibility of combining 
the use of improved hill land pasture 
with irrigated bottom lands for a com- 
patible livestock program. 

Data compared 

Information obtained in OSU con- 
trolled irrigation experiments on bush 
beans and field corn grown for grain 
has been compared with information 
received from farmers using the same 
management procedures as the re- 
searchers used. Preliminary results in- 
dicate that farmers may be able to use 
OSU experimental results to estimate 
production they can achieve by them- 
selves with improved practices. 

Another area of this many-sided 
study is to determine the most efficient 
or most economic use of available 
water. Results of this part of the re- 
search are not yet available. 

The research program is conducted 
by the OSU Agricultural Experiment 
Station on land provided by Glenn 
Jackson, vice president of Pacific 
Power and Light. Progress reports of 
this continuing research will be pub- 
lished each year. 



Snails Are Raised 
For Fluke Study 

SNAILS are being scrutinized at OSU 
in a search for the key to control 

of liver fluke in sheep and cattle. 
So far, four snail species have been 

found to serve as intermediate hosts 
for liver flukes, reports S. E. Knapp, 
veterinary parasitologist. He is raising 
these snails indoors under carefully 
controlled conditions as close as pos- 
sible to their natural habitat to find out 
what conditions are necessary for the 
fluke to infect the snail. 

By raising his own snails, Knapp will 
have a constant supply for experi- 
mental use. Working with him is 
J. N. Shaw, professor emeritus of vet- 
erinary medicine, a recognized author- 
ity on snails. 

After the fluke larva develops in the 
snail, it passes out of the snail's body 
and forms a tiny cyst on grass or in 
water. Livestock become infected with 
flukes when they eat grass or drink 
water containing these cysts. Knapp 
can use snails to produce cysts which 
he then can use to infect sheep, cattle, 
or experimental laboratory animals and 
see how the animals react at different 
stages of the disease. This procedure, 
in turn, provides clues to the control of 
the disease. 

Conditions are right 
Knapp points out that Oregon is one 

of the major liver fluke problem areas 
in the country. Conditions are "just 
right" in many parts of the state for 
liver fluke to develop. 

Raising snails is only one part of a 
three-phase program Knapp now has 
under way in his study of fluke con- 

trol. He is working on improving man- 
agement procedures in control of liver 
fluke; and, as part of a larger OSU 
"pesticide in environment" study, he 
is doing research on the way drugs af- 
fect this parasite. 

Tn connection with this last phase, 
Knapp has devised an apparatus that 
can be used on live sheep to measure 
and record a fluke's reaction to dif- 
ferent drugs given the sheep. He just 
started using this apparatus after the 
first of the year, so he does not know 
yet how effective it will prove. How- 
ever, he has high hopes that it will pro- 
vide a real breakthrough in his fluke 
study; and he believes it also can be 
adapted to other research programs in- 
volving experimental animals. 

Two drugs look good 
During the past year, Knapp evalu- 

ated two promising new drugs to de- 
termine their ability to control fluke 
in sheep. Both were found to be highly 
effective. However, further studies are 
needed before the drugs will be avail- 
able commercially. 

Now he is investigating factors in- 
fluencing the way certain compounds 
act on the parasite. Knapp explained 
that information of this type may not 
show directly that a particular chemical 
is effective against parasites. However, 
it may provide basic data regarding 
the parasite's biochemical systems, and 
it may show how a chemical interacts 
with the parasite's systems. 

Two parasites are known to cause 
liver fluke disease in Oregon. 

One  of  them,   the  large  American 

fluke, is a natural parasite of deer and 
elk, and only accidentally is transmitted 
to domestic animals. This parasite only 
recently was found to be fairly common 
in Oregon. 

The other parasite, the common liver 
fluke, is a natural parasite of sheep, 
cattle, horses, pigs, goats, and rabbits, 
as well as deer and elk. It has been 
found in Oregon for a long time. In 
fact, much early research on liver fluke 
disease was done at OSU in the 1920's 
and 1930's by Shaw and the late 
B, T. Simms. They were the first 
scientists to discover the snail inter- 
mediate host for the common liver fluke 
in the United States. Their findings 
were reported in 1929. 

Sheep with fluke infection lose con- 
dition and weight, tire easily, appear 
dull and weak, and go off feed. As they 
develop anemia, their skin and mucous 
membranes lose color. Swellings known 
as bottle jaw or loop jaw may occur 
beneath the jaw, and "potbelly" may 
develop. 

Flock fatalities reported 
Every year cases of sheep flock fa- 

talities are reported in western Oregon. 
The effect of the disease on lamb pro- 
duction is possibly of even greater eco- 
nomic significance than the fatalities 
themselves, Knapp suggests. 

Cattle seldom die of liver fluke in- 
fection. But only one or two flukes can 
cause tremendous liver damage — or 
even complete loss of the liver. 

Knapp emphasizes the difficulty in 
controlling these parasites, especially 
where pastures or grazing areas can- 
not be drained or tiled. He recommends 
the following management practices : 

V Drench animals in late fall and 
early winter with either carbon tetra- 
chloride or hexachloroethane. 

V Drench newly purchased animals 
if they are known to have been on wet 
or swampy pastures. 

V Tile and drain swampy pastures 
or do not allow stock to graze these 
areas when they are wet. 

V Fence stock ponds so that animals 
cannot get into them. 

V Clean irrigation ditches of over- 
hanging vegetation. 

V Fence seepage areas such as 
springs. 

V Treat wet areas with copper sul- 
fate. 
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So the snails he raises will thrive in the laboratory, S. E. Knapp (left), OSU veterinary parasitologist, provides different 
kinds of vegetation for them. Here, he and snail expert J. N. Shaw check to see in which habitat snails grow best. 

Fairly  common  in parts  of  Oregon,     Dotted sections on map are major sheep producing areas in Oregon. Striped sec- 
large   American   fluke   is   this   size,     tions are areas where the large American fluke has been discovered to date. 

11 



. 

r 

ICHLORO" 
PICRIN TELONE 

fAA   KF 

CHECK VORLEX VAPAM 

Sacked potatoes after harvest at Klamath Falls show difference in yields between plots 
treated with various soil fumigants and yield from untreated check plot (center sack). 

Soil Fumigation: Worth a Try 
Son, FUMIGATION, which controls a 

multitude of pests—insects, nema- 
todes, weeds, bacteria, fungi, sym- 
phylans—is already common practice 
for some Oregon farmers. Results of 
OSU research suggest it may become 
regular procedure for many more. 

Soil-borne disease problems in bulb 
and ornamental nursery crops have 
been controlled by fumigation for 10 
years or so. More recently, soil fumi- 
gation is coming to the aid of small 
fruit, vegetable, and mint growers. 

OSU plant pathologists spearheading 
studies on effectiveness of soil fumi- 
gation on various crops include: 
C. E. Homer, whose work is mainly 
with peppermint; Harold J. Jensen, 
who works with all crops; and Robert 

L. Powelson, who is working on po- 
tatoes in cooperation with A. E. Gross 
and G. E. Carter of the Klamath Ex- 
periment Station. 

Powelson reports good results in soil 
fumigation trials near Klamath Falls. 
The land had not grown potatoes for 
more than 12 years because of severe 
Verticillium wilt infestation. 

Plots treated in 1961 were planted to 
Russet Burbank potatoes in 1961, 1962, 
and 1963 to study the effect of treat- 
ments for three years running. 

Untreated plots yielded a total of 376 
cwt. per acre for the three years. Total 
yields per acre for the three crop years 
from plots fumigated with Vorlex (40 
gallons per acre) were 861 cwt.; 
Telone (64 gallons per acre), 859 cwt.; 

Soil Fumigation on Mint 

Treatment and 
gallons/acre 

Infection                      „        ,    . 
Sample hay 

8/15/63              9/5/64         weight, 1963 
Oil yield 

1964 

Untreated control 
Vorlex  40 
Vorlex 25 
Vapam 75 
Vapam 50 
Telone 75 
Telone     50 
Dow 2467   .50 
Dow 2441 50 

% 
69.3 

8.8 
17.2 
31.0 
50.6 
18.2 
20.6 
17.0 
19.8 

% 
97.0 

6.3 
8.7 

28.6 
51.7 

7.0 
17.0 
8.4 

21.1 

lbs. lbs./acre 

3.3 6.0 
12.6 55.5 
12.3 43.5 
7.6 33.0 
6.5 27.0 

12.1 45.0 
10.6 45.0 
13.1 58.5 
11.1 42.0 

and   Chloropicrin    (11.4   gallons   per 
acre), 621 cwt. 

In dollars and cents, this means that 
over the three-year period the Vorlex- 
treated plot had a net crop value of 
$642 more per acre than the untreated 
plot. The Telone-treated plot had a net 
crop value of $767 more per acre than 
the untreated plot. The Chloropicrin- 
treated plot had a net crop value of 
$351 per acre more than the untreated 
plot. (Net crop value takes into account 
yield, grade, and production cost.) 

Grow potatoes two years 
For greatest economic return, Powel- 

son found that potatoes should be 
grown two consecutive years following 
fumigation. 

A. E. Gross, superintendent of the 
Klamath Experiment Station, who has 
worked with Powelson on the potato 
trials, was a pioneer in soil fumigation 
work in the west. Nearly 30 years ago. 
Gross launched Oregon on an investi- 
gation of soil fumigation as a way to 
control root-knot nematodes in po- 
tatoes. He was one of the first re- 
searchers on the Pacific coast to look 
into the value of soil fumigation for 
soil pest control. 

From soil fumigation trials on pep- 
permint plots, Horner concludes that 
it is economically sound to control Ver- 
ticillium wilt by soil fumigation com- 
bined   with   cultural   practices   in   the 
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Willamette Valley on lightly to moder- 
ately infested locations. 

He says gas flaming makes soil fu- 
migation for wilt control more attrac- 
tive to growers because it prolongs the 
life of the fumigated planting by re- 
ducing buildup and spread of wilt. 

The accompanying table shows re- 
sults of his trials in  1963 and  1964. 

Homer estimates that the control 
obtained with 40 gallons per acre of 
Vorlex (cost $250) and 50 gallons of 
Dow 2467 would allow satisfactory 
production for 4 or possibly 5 years if 
flaming and chemical weed control 
were used in place of plowing and 
cultivation. 

Under the same conditions, 75 gal- 
lons of Telone (cost $140) and 25 
gallons of Vorlex (cost $160) would 
give 3 or possibly 4 years of produc- 
tion. On less heavily infested sites, 25 
gallons of Vorlex and 50 to 75 gallons 
of Telone (cost $92 to $160) would 
give satisfactory production for 4 
years if planted with wilt-free stock 
and if all  precautions were taken to 

prevent spread of the residual infec- 
tion. 

Since will is spreading rapidly in 
central Oregon, Horncr will conduct 
some soil fumigation trials near 
Madras. He explained that results of 
Willamette Valley research do not 
necessarily apply to central Oregon be- 
cause of basic differences in climate, 
soils, and management practices. 

Jensen reports outstanding results 
with soil fumigation in the Lake 
Labish area where a stubby-root nema- 
tode is a serious pest of dry onions. A 
fall application of 50 gallons of Telone 
gave increased return (less cost of 
treatment) of $400 per acre the first 
year, and an additional return of 
$375.50 the following year. After 3 
years of research, Jensen recommends 
a fall application of 35 to 50 gallons 
per acre of DD or Telone. 

In reviewing his soil fumigation 
work with strawberries, Jensen says 
he is continuing to advise growers 
whose fields reach a population level 
of 500 root-lesion nematodes per quart 

Soil fumigation makes the difference.  Verticillium wilt was controlled in mint 
field at top with 40 gallons Vorlex per acre. Field in foreground was untreated. 

of soil to treat their soil with 40 gallons 
per acre of DD, Telone, or Vidden D 
before planting. Spring weather's 
uncertainty gives fall treatment prior- 
ity, he added. 

Root-lesion nematodes are also a 
problem in growing red raspberries. 
More research is needed before Jensen 
is ready to make recommendations for 
their control in this crop, but he re- 
ports encouraging results in soil fumi- 
gation trials with Fumazone, Nema- 
gon, and Telone. 

Strawberry pest controlled 
Another strawberry pest that re- 

searchers have had success in control- 
ling with soil fumigation is the nema- 
tode Longidorus elongatus. Treatments 
were made three weeks before planting 
with two fumigants, Telone and Nem- 
agon. Six weeks after May planting, 
315 nematodes were found in a quart 
of soil from the untreated control plot, 
none were found in similar samples 
from the Telone plot, and only 7 in the 
Nemagon plot. 

Another count in July turned up 
3,091 nematodes in a soil sample from 
the control plot and none in the treated 
plots. Plant response was excellent in 
the treated areas. Plants in the un- 
treated control plots showed severe 
stunting and a gradual disappearance. 

Although soil fumigation was first 
practiced 100 years ago, it has taken 
a long time for it to become a useful 
tool for growers. One reason is that 
soil fumigation is such a complex pro- 
cedure. Many factors must be consid- 
ered in planning effective soil fumiga- 
tion programs: moisture, temperature, 
and type of soil; kind of pest involved; 
time of year when the pest is most vul- 
nerable to fumigation; kind of crop 
and cultivation practices required for 
production; and so forth. 

Much research is necessary to syn- 
chronize a control program involving 
one pest on one crop, or one pest on 
several crops, or several pests on one 
crop, or several pests on several crops. 
Attempts to coordinate a control pro- 
gram for one pest with that of another 
often are unsuccessful because of basic- 
differences in biology. 

Growers who plan to start a soil 
fumigation program are advised to 
contact their county Extension agent 
first. He can provide the latest infor- 
mation on soil fumigation in his area. 
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ALTHOUGH THE AMBROSIA BEETLE 

has a pleasant-sounding name, the eco- 
nomic damage done by this tiny insect 
is anything but pleasant. West coast 
lumbermen who have been faced with 
an embargo on infested lumber can 
testify to this. 

Heavy invasion by ambrosia beetles 
can cut in half   the market value of 

damaged timber, reports J. A. Rudin- 
sky, OSU entomologist. What's more, 
such countries as Australia, New Zea- 
land, and South Africa enforce strict 
embargoes on lumber showing any 
sign of active infestation by these 
wood-boring beetles. 

Windthrown and cut Douglas-fir are 
favorite   places   for   female   ambrosia 

Tunnels made by the ambrosia beetle have offshoots called "cradles," where the 
female lays eggs. These markings mar appearance of wood and reduce its value. 

beetles to tunnel into and lay eggs. The 
beetle introduces a fungus for the 
young to feed on. A dark stain caused 
by the fungus and tunnels left by the 
beetles damage high grade Douglas-fir 
logs as well as other valuable tree 
species. 

Chemical controls prove unsatisfac- 
tory. Once a beetle has invaded a log, 
chemicals are not effective because they 
will not penetrate the log. Spraying 
large forest areas is not practical. 
Neither is applying chemicals to con- 
centrated areas (such as a log boom in 
water) because chemical residues may 
contaminate the water. 

Invasion is rapid 

In looking for other ways to prevent 
destruction by the ambrosia beetle, 
it was noticed that invasion of a suit- 
able log by a few beetles was followed 
quickly by rapid invasion of many, 
many more beetles. 

This observation led to further 
studies showing that it was not the log 
alone that caused the mass invasion, 
but it was an attractive-smelling ma- 
terial produced by the first few invad- 
ing beetles. 

Rudinsky says he believes the key 
to control of the ambrosia beetle lies in 
this material. It has been extracted 
from beetle borings and used in the 
forest to attract both sexes to a trap. 

OSU chemists have isolated this at- 
tractive material, and currently are 
analyzing it. When they pinpoint its 
exact composition, they hope they will 
be able to produce large quantities 
synthetically and then go after this tiny 
beetle in a big way. 
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Entomologists Fight Tiny, 
But Mighty, Symphylan 

IF SWEET CORN is one of your fa- 
vorite vegetables but radishes are way 
down on your list, your taste buds 
must be similar to those of the lowly 
symphylan, a major crop and garden 
pest in the Willamette Valley. 

OSU entomologist R. G. Rosenstiel 
studied which common horticultural 
crops are most susceptible to sym- 
phylan injury. Until better ways are 
found to control symphylans, his re- 
sults can have a practical bearing on 
grower choice of crops to plant in 
symphylan-infested soil. 

Of crops tested, he found sweet corn 
easily the favorite, while radishes were 
relatively free of symphylans. Beans 
were second favorite, followed by 
strawberries, squash, and beets—then 
radishes. 

Meanwhile, at OSU the war con- 
tinues on several fronts against this 
enemy of Oregon farmers. 

Small, white, centipede-like sym- 
phylans cause heavy losses in Wil- 
lamette Valley fields of vegetables, 
small fruits, specialty crops, and in 
home gardens. Symphylans hit plant 
root systems, stunt growth, cause low 
yields, and sometimes kill plants. 

OSU entomologists Rosenstiel, H. E. 
Morrison, R. F. Koontz, and K. G. 
Swenson all are working on the prob- 
lem. 

The scientists are taking a long sec- 
ond look at soil fumigation, which so 
far seems to be the most effective way 
to control this pest. Soil fumigation 
was first used effectively against sym- 
phylans more than 20 years ago at 
OSU. Interest in its use declined dur- 
ing the 1940's and 1950's when soil 
insecticides were introduced. But when 

White symphylans (which used to be called symphylids) 
are enlarged here. Actually they are about 1/4 inch long. 

insecticide residue problems cropped 
up, attention turned back to fumigants. 

Within the past few years, OSU 
researchers have learned how ex- 
tremely important adequate soil prepa- 
ration is to the effectiveness of soil 
fumigants. 

Soil fumigation is expensive, Mor- 
rison admits. But increased yields can 
more than pay the costs. In the case of 
expensive crops like strawberries and 
pole beans, a farmer can get his money 
back the first year, and then profit 
from an increased yield for the three 
to five years the fumigation treatment 
lasts. Morrison says he hopes current 
studies will show the treatment to last 
even longer than five years. 

Expense may be cut 

Under difficult soil conditions, $60 
to $100 per acre may be spent on till- 
age costs. However, this expense may 
be cut 50 to 75 percent by sound use 
of sprinkler irrigation equipment. 
Morrison pointed out that soil should 
be worked to a depth of about 20 
inches until only fine particles remain. 

If large clods are left, the fumigant 
would pass between them, leaving sym- 
phylans still alive inside the clods. By 
using a half inch of water to soften the 
clods before breaking them up with 
a rototiller or disc, tillage costs can 
be reduced. But Morrison cautioned 
that it is important not to get the soil 
too wet or the subsoiler will not be 
effective. 

Unless fumigation is well planned 
and properly carried out, growers will 
be disappointed. However, if applied 
and timed according to OSU recom- 
mendations, certain soil fumigants are 
likely   to   be   effective   against   sym- 

phylans, soil insects, diseases, nema- 
todes, and certain weeds as well. 

The entomologists suggest that grow- 
ers planning a fumigation program 
discuss it with their county Extension 
agent. He can supply correct, up-to- 
date information to help make the 
process successful. 

Since fumigation has some draw- 
backs, OSU entomologists also are 
studying other ways to attack the sym- 
phylan problem. 

One potential weapon is a fungus 
which attacks several soil insects and 
related organisms. Under certain con- 
ditions, it has been found to kill sym- 
phylans. 

Koontz, who is studying this fungus, 
points out that if even a measure of 
control could be attained it might prove 
helpful to home gardeners who are 
not in a position to use soil fumigants 
and toxic insecticides. 

Swenson has just started a study 
to learn more about natural pests that 
are enemies of symphylans. His find- 
ings may open the door to other pos- 
sible means of control. 

Rosenstiel is studying the possibility 
of protecting roots from symphylan 
damage by dipping them in insecticides 
before planting. His research, which 
is not yet completed, indicates that 
initial protection of young strawberry 
plants gives persistent superior growth 
at least into the second bearing year. 
His research is being expanded to in- 
clude studies of planting dates and ef- 
fectiveness of rotocultivation. 

So, although the war against sym- 
phylans is not yet won, the prime 
target is under heavy fire from OSU 
scientists. 
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Resource quality research is done 
by teams; serves general public 

(Continued frnm page 3) 
cides in plant-to-animal food chains in 
streams. Twelve laboratory "streams" 
have been constructed at the Oak Creek 
Fisheries Laboratory near Corvallis 
and are being stocked with commu- 
nities of aquatic plants and animals. 
These will be maintained indefinitely 
with sublethal levels of pesticides. Re- 
search like this, under controlled condi- 
tions, is of major significance since 
there is considerable evidence that 
pesticides are being concentrated in the 
higher levels of food chains in nature. 

Various departments cooperate 
If The science of pharmacology is 

being used in another new study. The 
pharmacologist is concerned with the 
effect of drugs and potentially toxic 
substances on the physiology of animal 
organisms. Various basic materials, in- 
cluding certain pesticides and their in- 
gredients, are being studied in relation 
to their effect on aquatic animals. The 
School  of   Pharmacy   is   cooperating. 

^f Another project is concerned with 
the effect of pesticides—initially the in- 
secticide Sevin—on shell fish and other 
aquatic life in bays and estuaries. Arti- 
ficial bays were constructed on a minia- 
ture scale for this study. These are 
stocked with typical bay species. Pesti- 
cides are introduced, and their effect 
on aquatic life is studied. 

|[ The contamination of streams in 
forest areas that are sprayed with 
herbicides for brush control is under 
study in another new project. What 
happens to the herbicides and their 
breakdown products, and any residues 
in fish will receive attention. The ulti- 
mate goal, of course, is to gain basic 
knowledge that will guide herbicide 
formulations — ones that will control 
brush but not harm water supply, fish, 
or wildlife. Forestry research staff are 
participating in this project. 

In addition to the shift in type of 
problem under study, two other points 
are noteworthy in the expanding re- 
search program in resource quality. 

1. The research is conducted on an 
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"interdisciplinary" basis. A team of 
scientists from various fields of spe- 
cialization work together in contribu- 
ting to solutions of these complex prob- 
lems. For example, in the research pro- 
gram concerned with effect of pulp mill 
effluents on stream and bay resources, 
fishery biologists, aquatic botanists, en- 
tomologists and microbiologists, sani- 
tary engineers, biochemists, and re- 
source economists are all participating 
in a coordinated program. 

2. The general public is served by 
resource quality research. While this 
is true, also, in the long run, with agri- 
cultural production research, the pat- 
tern has been to solve problems of more 
direct concern to a smaller group. 

In the case of an insect affecting a 
horticultural crop, for example, the Sta- 
tion deals directly with a group of pro- 
ducers or processors being injured by 
this pest. These producers and proc- 
essors typically make vigorous requests 
to the Station (or to the Legislature if 
new funds are required) for a method 
of controlling the pest. 

Of general concern 
On the other hand, research in re- 

source quality is of broader general 
concern. As a result, funds for this 
type of research have come largely 
from federal granting agencies such as 
the Public Health Service and the 
National Science Foundation. Their 
monies come through Congress with the 
understanding that they will seek the 
best research personnel in the country 
to conduct research on problems vital 
to the general welfare. 

To me, the recognition that these 
resource quality problems are serious 
is most gratifying. It is also heartening 
to note the expanding research empha- 
sis. Research is the first essential step 
in gaining insight and understanding 
into the complex physical, biological, 
and social relationships involved. This 
insight and understanding, in turn, con- 
stitutes the first step in formulating 
public policy for the kind of resource 
management and use patterns needed 
for the future. 
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