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Plastic Topcoats

or Plants

How They Work and How Often

Paul E. Waggoner

We perennially push our [avorite
plants into more [rigid climates, risk-
ing a loss to frost in the hope of gain-
ing beauty, a choice lood, a premium
for an early crop, or the envy ol our
neighbor. Soon we shall again trans-
plant early in our annual lottery with
LrosL.

No gardening loss is more sudden,
dramatic, and melancholy than that
caused by frost. Naturally, man has
devised schemes for improving his
odds, decreasing those of the frost.
Frost protection is always possible,
but only occasionally practical. Heat-
ed shelters, such as greenhouses, will
always protect, but fuel must be
bought. Unheated shelters, such as
paper caps, require no fuel, but the
amount ol protection is limited. Thus
the probability ol benelit must be
compared with the cost.

The “GrEENHOUSE” EFFECT

A protector must admit the short-
wave radiation from the sun that is
needed lor photosynthesis and warm-
ing, and at the same time trap the
heat otherwise lost by the long-wave
radiation that cools the earth. Glass
excels in its ability both to admit the
short-wave and trap the long-wave
radiation: the “greenhouse” effect.
Gardeners have Iong sought a less
costly, less fragile, and lighter ma-
terial than glass. They have used
paper and more recently plastic films.
Polyethylene, especially, has been
used.

PROBABILITY

But polyethylene traps very little
ol the cooling long-wave radiation!
Surely it is a poor choice for a pro-
tector, or we don't understand how
protectors work. Thus we began an
investigation of the principles and
benelits ol plusli(: shelters.

Shelters were built ol plastics ol
widely dilfering abilities to absorb
the cooling long-wave radiation. The
temperature within the shelters just
before dawn was measured by ther-
mocouples and compared to similar
measurements with thermocouples ex-
posed to the cold sky. Surprisingly
enough, the protection was the same,
regardless ol the ability ol the plas-
tic to absorb the cooling radiation.
Obviously we needed to learn whether
these [ilms that vary in their abilities
to absorb radiation in the laboratory
peatly vary ii—the same-way—in—the
lield.

A radiometer sensitive to all wave-
lengths was placed beneath the films
just alter the sun set. As we expected
the net loss ol radiant heat beneath
the wtransparent polyethylene was
greater than beneath the [ilms that
trapped more radiation. But as the
[ilm cooled and dew formed upon
it, the unexpected occurred: the net
radiation beneath all ol the films be-
came equal. Then we understood. A
[ilm of dew coated all of the plastics,
a [ilm ol dew that is opaque to long-
wave radiation and that makes all
[ilms excellent traps for the cooling,
long-wave radiation.

PROBABILITY
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Paul E. Waggoner is
a native of lowa. In
7 years here he has
added to our knowl
edge of spread of
plant diseases, micro-
climates of plants,
and soil science.

Thus, since all plastic protectors we
have seen—and greenhouses, too—are
“painted” inside with water opaque
to cooling radiation, all plastics evi-
dently prmlucc a “greenhouse” elfect.
Therelore, the gardener can make his
choice ol a material according to cost,
to durability, and to transparency for
the short-wave solar radiation neces-
sary for photosynthesis and warming.

PROBABILITY OF BENEFIT

The final question is whether any
protector will be benelicial in our
annual lottery with frost. A protector
will not be beneficial unless a frost
occurs. Neither will it be benelicial
il the temperature falls too low, be-
cause the shelter is then inadequate.
Thus, the probability that a shelter
will be beneflicial to [rost-sensitive
plants is the probability of -frest less
the probability of a minimum tem-
perature of 25°F. after transplanting.
The temperature observations [aith-
[ully taken tor many years by volun-
teer observers and published by the
Weather Bureau permit us to calcu-
late these probabilities.

The graph at right below is cal-
culated [rom the observations taken
at the Lockwood Experimental Farm
in Mt. Carmel. It permits one to cal-
culate the chances of benelit from
caps over a frostsensitive plant such
as the tomato. The chances reach a
maximum of about 1 to 1 for mid-
April transplanting and decrease to
less than 1 to 4 lor transplunling n
March or May. This graph can be
used for most of Connecticut. In cities
or along the shore the maximum
probability occurs earlier, about the
1ast ol March.

This, then, is how plastic shelters
work and how often they improve
our chances of winning early beauty,
a prized food, a pt'emilim for an early
crop, or the envy of our neighbor.

Chart at left shows the probability of a 30” frost at Lockwood Experimental Farm in Mt
Carmel: exposed tomato plants are killed by a 30° frost. Thus tomatoes transplanted without
protection on April 19 at Mt. Carmel will survive 1 year in 4. If transplanting is delayed
until May 10, they will nat be frozen 8 years in 10. Chart above shows probability that
shelters will be beneficial to tomatoes at Mt. Carmel. Probability of benefit is relatively small
late or early in the season because the temperature may net fall below 30° or may fall
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Now We Can

CURE SICK PLANTS

E. M. Stoddard

With all our experience in chemo-
therapy it seemed absurd that gera-
nium growers must be told that the
only thing they can do about the
disease called “black leg,” which liter-
ally destroys their plants by the thou-
sands, is to burn the infected plants.
This they already know, and they
know that with the plants their profits
also go up in smoke.

As we will show in this story, chem-
otherapy is the correct answer and an
even better answer than we had
hoped. It not only prevents the disease
but it cures the sick plants.

What causes this disease that de-
stroys geraniums by the thousands,
and how does it effect the plant?

“Black leg” was generally thought
to be due to the organism causing
bacterial wilt of geraniums, but the
literature on bacterial wilt describes
the stem rot caused by this organism
as a hard brown rot, quite unlike the
solt, coal black rot of “black leg.”
[t would appear evident that some
organism other than the bacterial wilt
organism is causing the soft black
discoloration.

In our work three isolates of Fu-
sarium species were obtained from
cuttings with “black leg,” each of
which was pathogenic, producing the
typical soft black rot. The black col-
oration, with attendant rotting of the
tissue, is produced very quickly after
inoculation. One inch of stem length
will be affected in from 24 to 36
hours, which gives credence to the
grower’s lament that his cuttings de-
veloped “black leg” overnight.

StEm Rors BELow SURFACE

The usual symptom of fusarial black
rot is a rapid rotting ol the stem be-
low the level of the rooting medium
belore roots can be produced. The
line ol demarcation between diseased
and healthy tissue is sharply defined,
and apparently the infection extends
only a short distance above the dis-
colored area, as the infected cuttings
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when cut off above the discolored area
will root readily without further stem
rot. This characteristic would suggest
that the organisms enter the cut end,
rot the submerged part of the stem,
and do not become systemic. Another
symptom is a rotting of the roots
(with no black stem) after the rooted
cuttings are potted. In this case in-
fection takes place through roots
broken in the operation of potting.
Both types of infection can be pro-
duced by inoculation at appropriate
times with the Fusarium isolates.

COMBINATION PROVES EFFECTIVE

Not infrequently fusarial rot is
found associated with the bacterial
rot on rooted cuttings and on plants
alter the final potting. In the course
ol these studies it has been [ound that
oxyquinoline sulfate as a soil drench
gives reasonably good control of fu-
sarial rot and that soil drenches ol
streptomycin sulfate control bacterial
rot. A combination of the two mate-
rials should control both diseases. Sub-
sequent experiments proved this to be
correct; moreover, the combination of
oxyquinoline sulfate and streptomycin
sulfate is more effective in the control
ol either disease than when used alone
—an effect analogous to use of copper
with streptomycin.

For these materials to be of value
to the grower one should be able to
cure the diseased plants and restore
them to a healthy and salable condi-
tion. To this end a random lot of dis-
eased plants and rooted cuttings were
collected in March 1956 from grow-
ers’ stocks for experimentation. These
plants were infected either with Fu-
savium or bacteria or both. All the
plants were left in the soil and pots
in which they were growing, and the
cuttings were potted in sand and later
transferred to unsterilized soil. The
plants and cuttings were given five
treatments at weekly intervals of a
combination of 250 p.p.m. of oxy-
quinoline sulfate, and 200 p.p.m. of

streptomycin sulfate, a];plied as a soil
drench at the rate of 100 ml. per 4-inch
pot. Approximately 80 per cent of the
10 treated plants and cuttings recov-
ered and are in normal condition
to date, while only 10 per cent of
the check plants are now living. The
treated plants received two additional
applications in March 1957 to learn
whether the materials had any effect
on flowering. No effect on flowering
was observed. Two lots of 25 cuttings
have been made from the treated
plants since February 1957. All of
these cuttings rooted with no evi-
dence ol stem or root rot,

TREATMENT Is PRACTICAL

Recently a large scale test of the
treatment described has been made
on a commercial crop of 2000 plants.
All the plants were showing some
degree of bacterial or fusarial rot,
or both, on roots and stems. The
severity of disease ranged from light
root infection to complete destruction
ol the roots. The plants received a
soil drench of oxyquinoline sulfate
(1.6 ounces in 50 gallons) and strep-
tomycin sulfate (200 p.p.m.). After
three weekly treatments a high per-
centage ol the plants produced new
healthy roots and showed a marked
improvement in growth and appear-
ance, and eventually most all of them
made satisfactory salable plants.

Again a test of the treatment on
100 cuttings to be grown as a com-
mercial crop. Approximately 90 per
cent ol these cuttings had “black leg”
and heretofore would have been a
total loss. All the cuttings were pulled
out of the sand in the cutting bench,
the rotted ends cut off, and the ampu-
tated cuttings soaked for 4 hours in
the mixture of oxyquinoline sulfate
and streptomycin sulfate. The cuttings
were replanted in the same infested
sand. The treated cuttings rooted nor-
mally and approximately 95 per cent
made salable plants.

We need no longer nonchalantly
say “burn them up.” Chemotherapy

has given us a better answer. Now it
is “treat them with oxyguinoline sn'-
fate and streptomycin sulfate and sell
them.”

E. M. Stoddard, self-
styled country boy
from Litchfield, may
be regarded as a
member of the per-
manent staff. Next
year he rounds out
50 years of service.
Chemotherapy of
plants has been one
of his major fields of
study.



A man from Missouri,
Neely Turner is wide-
ly known as head of
the Department of En-
tomology, vice-direc-
tor of the Station,
and State Entomolo-
gist. He writes here
on the returns from
public funds invested

in research.

Plotting
the Course
of Research

Neely Turner

An intense interest in science and
technology was stimulated by the
launching of Sputnik I, the first arti-
ficial earth satellite, just a little more
than a vear ago. The achievement
started a searching analysis ol our
position in_science, and_of ways of
improving or consolidating that po-
sition.

This country is certainly a leader
in agricultural science and technology.
The proof of this is not entirely the
[act that we produce an abundance
ol Tood and [iber, or that only about
12 per cent ol the labor lorce is re-
quired to produce our lood and liber.
Much more signilicant is the increased
pmdmtti\'ity per acre, the continued
productivity of the soil following the
methods ol applied science, and the
constant  stream ol visitors from
abroad who come to study our meth-
ods,

We need to consolidate this posi-
tion, not because it is “threatened”
by scientists speaking a dilferent lan-
guage, but because we want Lo con-
tinue to produce an abundance ol
food and fiber for an increasing pop-
ulation.

One ol the reasons for the success
of the agricultural experiment sta-
tions is contained in the statement
of their purpose. Professor Samuel W.
Johnson of Yale studied in Germany
and visited England and saw the early
experiment stations in action. He re-
turned to advocate “putting science
to work lor :ugri(‘ulnn‘e" and was re-
sponsible for the establishment of this
Station in 1875.

A stall ol well-educated scientists
specifically trained in methods of ex-
perimentation can solve an enormous
number of problems. In the beginning
each problem had to be solved by
patient experimentation. As time
passed, the experiences of the stall
and the publications ol scientists [rom
all over the world provided an in-
creasing deposit of knowledge and
know-how. For instance, the arrival
ol the allalla weevil in Connecticut
in 1957 created a new problem lor
dairy farmers. But the accumulated
knowledge ol this and other weevils,
ol the growth of alfalfa, and ol the
behavior of insecticides was sullicient-
ly large that a single series of experi-
ments here at the Station by Dr.
Richard Quinton demonstrated a
practical control.

The solution ol this type ol prob-
lem has been, is now, and probably
always will be a principal function
of experiment stations. And the many
successlul solutions have impressed
farmers with the practical value of
putting science to work lor agricul-
ture.

Not all problems are so simple and
easy to solve. The Dutch elm disease
is a good example of the tough ones.
The fungus causing this disease lives
entirely within the elm tree. It is
translerred from tree to tree by bark
beetles, which breed in dying and
dead trees. The ordinary spravs for
cause they act only on the surface
of the plant. An elfective control must
either prevent bark beetles from feed-
ing on healthy trees, or act to prevent
the fungus [rom growing within the
plant.

Berrer Wavs SoucHT

Tests showed that heavy deposits of
DDT on elm twigs do kill bark beetles
belore they feed enough to introduce
the fungus. But it is difficult to cover
all twigs on a large tree. Use of a
chemical to act internally, like peni-
cillin in the human body, would still
be highly desirable. The search for
such a chemical by trial and error has
not been very productive. So Dr. A. T
Dimond and Dr. Llovd Edgington
are now studying the penetration and
transfer ol chemicals in woody plants.
We are making progress, and have
been able to apply the information
we have obtained to a carnation
disease.

Another type ol problem is the ne-
cessity to increase the yield ol a crop.
Forty years ago the yield of corn was
static. The best that could be done
was minor increases by use ol morve
fertilizer, better culture, and similar
“practical” methods. Director E. H.
Jenkins decided that we needed new
varieties and appointed a geneticist

to study the problem. The result was
the double-crossed hybrid corn devel-
oped by Dr. D. F. Jones. New genetic
theory was written as a result of this
work, which provided a practical way
to produce a hybrid of two hybrids
without loss of hybrid vigor. This
principle alone has added at least 50
per cent to corn yields simply by im-
proving the corn plant.

It is this sort of research that is re-
quired to answer the “tough” prob-
lems. Actually the problems are tough
because we don’t have all the infor-
mation we need. When we get sul-
[icient knowledge the solution usu-
ally seems very simple.

CoNTINUOUS RESEARCH NEEDED

Large increases in yields ol crops
usually require new information on
all phases of production. For almost
a decade, only a few Connecticut po-
tato growers could produce 300 bush-
els ol potatoes on an acre. Dr. James
G. Horslall showed that Bordeaux
mixture injured potatoes, and sought
an equally effective remedy for blight
that would not reduce yield. He lound
nabam, but it could not be adopted
until DDT came along to control flea
beetles and leathoppers. The combi-
nation ol nabam and DDT boosted
yields at least 100 bushels per acre.

This suggested re-examination ol
fertilizer applications, and it was
found that plants sprayed with nabam
and DDT could utilize much more
[ertilizer. This produced another 100
bushels per acre. Then progressive
[armers tried irrigation to even oul
the water supply. Now more potato
growers produce 600 bushels per acre
than there were growing 300 bushels
in 1938.

This is one ol the reasons why study
of the technology ol agriculture is
required year after year.

Sometimes we are able to anticipate
trouble and gather the information
necessary for solution before the prob-
lems become acute. For instance,
about 20 years ago nurserymen found
the demand for Taxus, a desirable
evergreen, replacing the need for [ruit
trees. Taxus plants must be moved
with a ball of soil, fruit trees are sold
with bare roots. This meant that the
nurseryman was selling some ol his
soil every time he sold a Taxus plant.
Restoration ol this soil would be a
problem. Dr. H. A. Lunt found ways
to make topsoil from subsoil quickly.

In 1951 potato flea beetles in parts
of Connecticut became resistant to
DDT. Dr. J. B. Kring solved the prob-
lem by a change to chlordane and later
to hept;u‘hlor. However, it was as-
sumed that the flea beetles could also
develop resistance to these insecti-
cides, and that alternates would be
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needed. When this occurred in 1958,
three ellective alternate materials had
been tested and are ready for the
1959 season.

Some of the research lequnml to
solve difficult problems is obviously
fundamental. It may even seem Lo
have no direct relation to the prob-
lem. People who are not versed in
science, as well as some who are, have
no good way to estimate exactly the
possible practical importance ol [un-
damental studies. Scientific research
is expensive, and those who pay the
bill want to know what they are buy-
ing. Blind faith in science is not
enough. So scientists, especially those
who invest public funds in research,
have an obligation beyond that of
scholarship and integrity. They do
well to see that their studies are not
trivial, that their research promises
to add substantially to our knowledge,
and that these investigations are in
lields where great qués[inns remain
to be answered.

Researcn Snovrp ReEray Its Cost

When the subject of basic research
is discussed with those interested in
agriculture, there is usually anxiety
that increasing [undamental work
means decreasing the practical work.
That is not necessarily true. Actually
we faced a delinite need for both.
The linancial benefits of the practi-
cal have always been sulficient to
carry Financial gais rom basic
research cannot be calculated on the
same basis as those [rom the practical.
Certainly if basic research does not
contribute enough to pay its cost on a
long-term basis, it may not be worth
doing.

The (rx]:(-rhn(rnl stations seem 1o
bé ideally situated to undertake some
basic work needed in agriculture.
Their long and close association with
the practical should give the proper
background for a choice of productive
lields of endeavor. Stall members are
aware ol their responsibility to ex-
plain why the work is started and how
it is done. When it is completed they
find it desirable 1@ interpret its mean-
ing. Il this is done faithfully, both
science and agriculture will profit.

Since appointment to
the Station staff in
1926, H. G. M. Jacob-
son has contributed
to many soils research
studies, Thousands of
homeowners and gar-
deners have obtained
his advice on fertiliz-
ing lawns and crops.
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What Fertilizer
For Your Lawn?

Experiments Compare Nitrogen Sources

Grasses leed voraciously on nitro-
gen. During the growing season when
mowings are removed nitrogen be-
comes (lel'icient unless supplemental
nitrogen s pElled. Also during
heavy rains soluble nitrogen is lost
through leaching and runoff. A nitro-
gen source which would become avail-
able slowly during the growing season
should prove ideal for turf. The urea-
formaldehyde material possibly ful-
lills this qualification.

In the spring of 1956 an investiga-
tion was started in a group ol 48 plots
ol grass. These plots had been previ-
ously treated in quadruplicate with
various organic materials. Twenty-
four ol the plots were designed lor
organic nitrogen (urea-lormaldehyde)
and twenty-four for mineral nitrogen
(ammonium nitrate). This plan pro-
vided duplicate plots of the previous
treatments. On April 6, organic Nitro-
gen plots received 25 pounds ol a
5-10-5 and 8 I)mlnds of 10-6-4 fertilizer
per 1000 sq. ft. in which the nitrogen
source was urea-formaldehyde nitro-
egen. The mineral mlmgen plots re-
ceived 25 pounds of a 5-10-5 fertilizer
per 1000 sq. [t. in which ammonium
nitrate was the nitrogen source. All
the fertilizers were worked into the
soil and the plots were seeded to a
grass mixture consisting of 45 per cent
Merion blue grass, 45 per cent creep-
ing red [escue, and 10 per cent Astoria
bent.

In September 8 Ibs. of a 10-6-4 min-
eral fertilizer was applied to the min-
eral plots.

Ruth Galinat clips one of the 48 little lawns used
for the past 3 years to give information on growth
differences resulting from fertilizer applications.

Yoo o W

H. G. M. Jacobson

For the second year and third year
lollowing, 18 Ibs. per 1000 sq. ft. of a
10-6-4 organic nitrogen fertilizer was
applied in early spring to the organic
nitrogen plots. "The mineral nitrogen
plots received 10 lbs. in the spring
and 8 Ibs. in the fall per 1000 sq. [t
of a 10-64 fertilizer containing min-
eral nitrogen fertilizer,

The plots were all watered during
dry periods. The grass was cut at
proper times during the season and
the clippings dried and weighed.

The water-free weights of the clip-
pings [rom the mineral nitrogen plots
in 1956 were 17 per cent greater than
those Irom the organic nitrogen plots.
From July 27 to September 20 the
organic nitrogen plots yielded heavier
clippings than the mineral nitrogen
plots. In 1957 the clippings from the
mineral nitrogen plots were only 5
per cent ereater while
organic nitrogen 1:lt|k~. \u‘u\(d 2 pu
cent more grass clippings than the
mineral nitrogen. The clippings [rom
the organic nitrogen plots were great-
er [rom June 8 to September 5 for
1957 and 1958.

From the results of this test it now
appears that 20 pounds per 1000 sq.
ft. of a 10-6-4 [ertilizer, consisting of
50 per cent organic and 50 per cent
mineral nitrogen, applied in early

spring would adequately meet the ni-
trogen needs of lawn grass.

=
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Henry W. Hicock

Eastern hemlock is currently in de-
mand by homeowners as an orna-
mental plant and by owners of larger
properties for introduction into forest
areas [or its aesthetic and other val-
nes. In the past nurserymen have con-
sidered hemiock an errane speci
handle. From a study conducted at
this Station over the past 5 years it
seems probable that most ol the diffi-
culties reported can be attributed to
improper methods of collecting and
storing seed and to failure to maintain
temperature and moisture at suitable
levels during germination and for a
few months therealter.

In nature seed is shed [rom the cone
about mid-October, and lies on the
ground over winter. Theoretically it
is then in a condition to germinate
quickly when the temperature reaches
about 60°F. in the early spring, but
many natural hazards slmlpl\ reduce
the pmh.tluilt} ol a seed ([t’\t“l{:l)ltlg
into a tree. To assure greater and
more uniform success, man usually
gathers and stores seed, and creates
conditions favorable for germination
and growth.

Those who can collect seed locally
have a complete record of their origin
and how they are handled. Seedlings
will then be well adapted to the plant-
ing site. Cones are best picked in late
September or early October just as
they are turning tan in color. If
placed in shallow trays in a warm
room for a week or two, they will
shed their seeds which can then be
dewinged and cleaned of trash in a

winnower. Our experience indicates

that [reshly collected seed can be
stored in glass jars or plastic bags
in a refrigerator operating at 30° to
10°F. for 2 1o 4 years without serious
loss of viability. Purchased seed should
be bought in the fall of the year when
it is collected and stored as for your

also specify tha e from a
tion whose climate is not far d:fferent
from that ol the final planting site.

STRATIFICATION Is IMPORTANT
The following two points are high-
ly important because on them depend
the timing of the nursery operation:
(a) Hemlock seeds will not germi-

nate satisfactorily unless they are strat-
ii'ied (chilled in a moist condition)
for 2 months or more at temperatures
below 40°F. but above [reezing. Alt-
er stratification seeds can withstand
much lower temperatures, as they do
when they overwinter on the ground.

(b) Germination and early seedling
growth progress rapidly dang E'”nh
spring when temperatures are fluc-
tuating some 10° above and below
60°F. As the seedling becomes better
established, higher daytime temper-
atures are tolerated provided there
is a drop in temperature at night,

Either of two procedures may be
[ollowed. Both require preparation of
the seedbeds in the late [all when the
soil 1s workable,

One would be to sow the seed as
late in the fall as is [easible, covering
it with pine needles or straw. Natural
stratification would be accomplished
in time so that germination would
begin as soon as spring temperatures
permitted.

The alternative would be to mix
the seed with damp sand or peatmoss
in a porous container and place this
in a refrigerator operated at 30°F. to
40°F. about February By April
the seed would be sufficiently strati-
lied so that it could be sown and
covered as above. Both methods ac-
complish the same end—to get the
young seedling well started early so
that it will be in good condition to
e spring and summer.

Seedbed soils that are light and fri-
able have a minimum tendency to
cake when wet. Tests should be made
to determine whether essential ele-
ments are deficient, but nutrition is
best kept at moderate levels. Fall ster-
ilization of the beds with formalin is
desirable to kill pathogenic organisms

Research on hemlock seedlings from seed collected throughout the range of the species has been
underway ot this Station for more than 5 years. Now in preparation are publications giving detailed

iodic r , and the like.

findings on stratification, seedling growth, photop

p
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Contributions to our
understanding of
wood preservation,
charcoal manufacture,
and many aspects of
forestry have marked
the long service of
Henry W.
head of the Depart-
ment of Forestry,

Hicock,

and weed seed. The beds should be
raised several inches above the sur-
rounding land and slightly crowned
to provide drainage.

As soon as you procure hemlock
seed, you will want to determine its
viability to gauge your rate ol sowing.
This is most easily done by placing
100 seeds on moist (not wet) tissue
paper in any small plastic box with a
top. Place the box in your refrigerator
and remoisten the tissue as needed.
Alter 2 months remove the box to a
room where the temperature either
remains around 60°F. or [luctuates
between about 70° during the day to
about 50° at night. Viable seed should
germinate within 20 days.

Seed showing germination of 100
per cent, sown at the rate of about
125 seeds per square foot, can be ex-
pected to produce 25 to 35 seedlings

seedlings can remain in the seedbed
lor 3 years when they will be large
enough for field planting. Germina-
tion is usually less than 100 per cent
and it is consequently necessary to
increase the number of seeds sown
per square foot accordingly.

It is customary to use a lath or fab-
ric shade over the beds during the
first year to cut down moisture loss.
The beds should never be allowed to
dry out during the first season. In
later years water need be applied only
in times of severe drought.

A Word About Frontiers

As you may note on page 8, an
index to FRONTIERS OF PLANT SCIENCE
is now available, This index will be
mailed to libraries and may also be
helplul to those who wish to request
back issues in which a subject of their
interest was covered. The index was
compiled by Genevieve M. Noa.

The Station stafl invites inquiries
and comments on the research covered
in FronTIERS. You may address your
request to the author or to the editor,
as you prefer. A Station Bulletin, “Pro-
tecting Plants from the Cold,” gives
additional information about the plas-
tic protectors of which Dr. Waggoner
writes on page 2.
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Nematodes Meet Something New

Search for Practical Control

Leads to Unexpected Discovery

Bruce B. Miner

Ten years ago, when the first
FRONTIERS OF PLANT SCIENCE was pub-
lished, we promised to tell you some-
thing about the methods of research
as well as its results. We believe that
you may want to know about these
methods for at least two reasons. In
the first place, scientific research is
to us an exciting business. This lure
ol the unknown, this search for new
knowledge, has its own peculiar fas-
cination.

A second reason for telling the story
ol scientific method is quite different
but no less important. We all pay the
bill for research and we share a re-
sponsibility for its direction. To meet
this responsibility, to get the most [or
our research dollar, we all need to
know low scientists work as well as
what they do.

Consider now Patrick M. Miller
of this Station and an investigation
he has in progress. To him, scientilic
research is both a means ol earning
a living and an adventure. To vou,
how he has done this research may
serve as an example ol one process ol
inquiry that is a regular business ol
this Station.

So [lar, this research by Dr. Miller
has paid real dividends, cash divi-
dends, to Connecticut growers. More
are likely to follow. Many investiga-
tions [ollow this pattern. Others do
not. This is inescapable—this gamble
in research. It too must be taken into
account by those who plan research,
those who do the work, and those
who pay the bill.

The particular investigation we
consider here began with a call for
help from a grower who faced a severe
loss of ornamentals [rom root-knot
nematodes and rots. Because Dr. Mill.
er has knowledge useful in practical
control of these troubles, he handled
the case.

Practical remedies are at hand. A
nematocide may be expected to con-
trol many ol the nematodes — tiny
worms that damage and destroy plant
roots. And a fungicide, nabam, might
aid in control of rootrotting fungi.
No scientific training is needed to see
that the cost of treatment will be re-
duced if both materials can be applied
in one mixture.

This Dr. Miller did. In other areas
he applied the materials separately,
to check on possible differences in
control. And then the unexpected oc-
curred. Control ol the nematodes was
much better where both materials
were applied. And the nematode pop-
ulation showed a sharp rise where
nabam alone was used.

The practical lesson is clear enough.
Nabam and a nematocide (he used a
product called V-C 13) are more ef-
[ective in controlling root-knot nema-
todes than is the nematocide alone.
A new development ol past research
has come [rom this testing, a contri-
bution well worth the lew dollars
it cost.

In this instance, however, the real
research began where the testing end-
ed. A big question remained unan-
swered. Why were more nematodes
hatched in the area treated with na-
bam, a fungicide not known to affect
nematodes at all?

Back in the laboratory, with to-
matoes as test plants, Dr. Miller set
out to explore this unexplained ob-
servation. With the same materials,
nabam and V-C 13, he investigated
the matter [urther.

Nabam increased nematode injury
for two reasons, he lound. It triggered
some mechanism that caused the egg
masses ol root-knot nematodes to
break apart. And nabam increased
the hatch from these eggs. This is
discovery. No other common chemical
is known to act as nabam acts. In-
deed, many nematodes are hard to
kill with heavy applications of a fumi-
gant. And the eggs of at least one
species, protected by a cyst or tough
covering, can survive up to a thousand

Patrick M. Miller, on
the Station staff for
the past 4 years, has
studied fruit diseases
and the role of nema-
todes in causing root
rots.
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times the radioactive dose that would
kill you. They are tough.

This particularly resistant species
is the golden nematode, a costly pest
in Long Island and abroad. Another
cyst nematode bothers Connecticut
growers of tobacco.

Does nabam affect cyst nematodes
as it affects root-knot nematodes? Dr.
Miller finds that it does. It seems to
act like the substances excreted by
plant roots that stimulate emergence
ol the young larvae from their pro-
tective cyst. Without this stimulation,
the nematode life cycle stalls along
for weeks or years, a latent threat to
any host plant gmwing neal‘by.

The details of this research will be
reported in technical and popular ac-
counts by Dr. Miller. But the conven-
tional reporting ol scientists too often
strips down the story to the bare bones
of decimal points and formulae. Per-
haps this must be, for the literature
of science is already voluminous al-
most beyond imagination.

The way this research happens,
however, is hardly suggested by the
overworked expression “it was ob-
served.” Not much excitement in that,
not much to lire the imagination ol
those who want to know how scientists
tackle a problem. Not much ol Pat
Miller, pouring out the lascinating
story ol the amazing nematodes to
those who will listen, spending long
hours counting nematode eges (adults

to the pound). And still less of Pat
Miller learning something no man
has ever known belore.

That is exciting. And it is one ex-
ample of the “how™ that underlies
sound scientilic advance. Where this
new knowledge will lead we do not
know. We do know that much more
remains to be learned. And we cannot
consult the oracle: we must ask the
nematodes. We assume that they
know. They have done very well down
through the centuries, around the
world. But they met something new
in Connecticut.

From the Director

Over the years science in the world
has sulfered a great loss, the loss
ol the amateur. Time was when the
amateur led the
field and won
all of the prizes
in science. Dar-
win gained his
]iving' as a mem-
ber ol the great
family ol Eng-
lish potters, the
Wedgewoods.
Mendel was an
Austrian monk
who discovered
the principles of
inheritance in
plants and animals. Many ol our mod-
ern varieties of plants and animals
would not be on hand had not Men-
del “played” with peas in the monas-
tery garden. Leeuwenhoek, who first
saw bacteria and other germs with
his do-it-yoursell microscope, was a
Dutch lace merchant.

In this day ol cyclotrons, Benjamin
Franklin’s kite and key may seem
primitive tools ol science but they
proved his point. Franklin's fame
rests not on the key and the kite. He
is remembered as an amateur scientist
because he possessed the basic require-

mind, his mastery ol intelligent ob-
servation, his ability to think and to
express his thoughts remain hallmarks
ol the scientist today. On these the
prolessionals have no patent.

But alas! The amateurs are gone,
replaced by prolessionals, and many
fields of discovery lie fallow because
the amateurs have deserted us. I be-
speak their return.

Most of the prolessionals are glad
to help amateur scientists and other
experimenters track down new knowl-
edge. Both can gain. For the wise

ments; the curiosity of a child and the

of one species go about 450 million —pe

investigator has learned to weigh the
[olklore and the lancy as well as the
[acts belore he undertakes a new line
ol inquiry.

One retired amateur botanist is
right now neguti:-lling an arrangement
to conduct his researches here at the
Station, and we house the insect col-
lection ol an amateur entomologist,
the late Henry W. Townshend, a law-
yer ofl New Haven.
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New Publications

The publications listed below are now
available to those who apply for single cop-
ies to Publications, The Connecticut Agricul-
tural Experiment Station, Box 1106, New
Haven 4, Connecticut. A charge of §$1 is
made for each copy of Bulletin 541, “The
Morgan Soil Testing System.” This bulletin
(Reprinted 1958) includes color and turbidity
charts, These charts are also available as a
separate at 50 cents a copy.

Climatology
B G611 Protecting Plants From the Cold

Entomology

Selection
) “r) ._
¢ Resistance

sectic
Garden Pests

C 208 Slugs and Other Pests in the Garden
and Greenhouse

Genetics
B 610 Pollen Restoring Genes
Soils
B 5341 The Morgan Soil Testing Systein, §l
Tobacco
B 613 Fertilizing Connecticut Tobacco
Other Subjects
B 615 Periodic Regression in Biology
S€ Index 1o Frontiers of Plant Science
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