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of the insecticides, such as various arsenicals, can result in a serious prob-
lemof soil poisoning.  Some pests are becoming more resistant to insecti-
cidesthat are used against them continuously. The insecticides also kill
theparasites and predators of the pests.

While for the present, at least, the use of insecticides cannot be dis-
pensedwith, there are instances in which the biological method of control
-destruction of pests by parasites and predators-has been extremely suc-
cessful.

The biological method owes its origin to the fact that most forms of
lifeeventually are attacked by parasitic or predacious enemies.  This is
true of many of our common insect pests in their native homes, where
theirenemies have had time to develop; but when insects are transported
accidentally to another part of the world, their natural enemies usually
areleft behind.  Thus, in the new country they are not controlled by na-
tureand rapidly multiply, causing much damage.

About half of our most important pests have been introduced from
foreigncountries. Many of these insects are not important in their original
homes,but when removed from their natural enemies they increase in
geometrical progression. ~ Once an insect has become well established it
canseldom be exterminated.

The use of biological control was established long ago when the com-
mercialcitrus culture of California was saved from extinction by the im-
portationof certain ladybird beetles from Australia.  Hawaiian  sugar-cane
growerswere saved by bringing in insect enemies of introduced sugar-cane
pests. The Bureau of Entomology and Plant Quarantine has sent repre-
sentativesto many parts of the world in search
ofinsect enemies of pests accidentally brought to
thiscountry, and in numerous cases suitable par-
asiteshave been found.  These have been re-
leasedand are established.  Milky white, a bac-
terial disease of Japanese beetle, is very prom-
isingand the use of Red Ashersonia fungus cul-
tures, for control of white fly on citrus in Flor-
idais a regular practice.

The problems of biological control, however,
arevery difficult to solve, as many of them are
asintricate as  ature itself. Control by use of
parasitesand predators in most cases is a long-
timeprocess, and definite gains are hard to show,
or to measure. .

In many cases it may be better to encourage
certainbeneficial insects instead of killing every-
thingthat crawls, walks, or looks like an insect.

The tobacco budworm has a parasite (fig. 91)
dlatis very beneficial, but most tobacco growers Fig. 91-Budworm parasite.
en they see the parasite give a pinch just for

measure, never realizing that the parasite possibly could do a better

of control than the farmer himself. Another parasite that suffers from

cco growers is a small braconid wasp. Hornworms  frequently  have

Il white objects covering their backs which are thought to be eggs.
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These white objects are cocoons enclosing the pupal stage of a parasite
(fig. 92). The eggs of the parasite had %een thrust through the skin

the hornworm. After feeding in the body of the worm the small parasite
eats out through the skin and spins a cocoon. It soon develops into a very
small wasp and attacks other hornworms. Observations have shown a
many as 50 percent of the hornworms infested with this parasite.

Plant lice are capable of rapid multiplication, and if it were not for the
common ladybird beetles, certain parasitic fungi, and other enemies, plan
lice would be far more abundant than they are now. Spiders are val
able, as they live al-
most entirely on in-
sects. There are many
instances in which
crop pests could be
reduced if we would
only give the para-
sites and predators a
chance. Citrus grow-
ers in Florida do not
like to spray with
bordeaux because the
fungicide is harmful
to the fungus para-
sitic on the scale.
Trees sprayed with )
bordeaux have been (A?n‘r;talu congregatus). These and other parasites should
severely damaged by  not be dstroyed, as they kill many worms.
the scales unless a
scalecide was used with the fungicide.

92—Tobacco hornworm, showing cocoons of parasite

Sraying and Dusting With Plant Hormones

For some time it has been known that certain substances produced in
an organ of an animal or man, when carried to an associated organ by th
blood stream, excite in the latter organ a functional activity. These sub
stances are called “hormones.”

substances on growth and behavior of different plant parts have disclosed
the fact that some chemicals produce a similar effect in plants to that of
hormones in animals. Hence, these chemicals are called “plant hormones"
—though the plant hormones used at present are manufactured synthetically.

The discoveries have opened great possibilities. So far, these are pii
marily in the field of research, although some very important practical uses
have been found for plant hormones. The best-known is the promotion
of roots on cuttings which it is difficult or even impossible to root without
the treatment. These growth-stimulating substances have been used su¢
cessfully for material shortening of the rest period of tubers''® and com

118 The ethylene chlorhydrin dip is used now on a fairly large scale for hastemng the spw
‘5 of6d’onnant )Insh potatoes, for fall-crop planting in South Florida. (See Fla. Agr. Exp. §
362. 1941
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and for the production of seedless watermelon, cucumber, and certain other
fruits. Some increase in crop yields as a result of seed treatment has been
reported, though without any definite confirmation.

The most interesting and apparently important use to fruit growers is
the prevention of fruit drop by spraying with hormones. On the basis of
observations that some of these hormones retarded the dropping of leaves
from woody cuttings, Drs. F. E. Gardner, P. C. Marth, and L. T'. Batjer'*®
conducted experiments on the prevention of apple fruit drop, by treating
the fruit stems with hormones. Results were rather striking and found
almost immediate large-scale application in commercial orchards. Dr. Gard-
ner'™ states that naphthalene acetic acid and naphthalene acetamide are
the most successful plant hormones in preventing apple drop. They are
effective when applied in extreme dilutions, at the rate of only 1 to 2 level
teaspoons of the pure substance to 100 gallons of water. At present the
workers agree that the spray should be applied only when needed—not un-
til the fruit begins to drop. The effect lasts from 1 to 2 weeks, so that one
application usually is sufticient. If it is necessary to delay the drop longer,
a second spray may be put on after the effect of the first begins to wear off.

Control of fruit drop by the use of hormones is obtained only when the
fruit stems are treated—mnothing is gained from the treatment of the fruit
or other parts of the tree.

The effect of spraying to control fruit drop is not the same with all

varieties, and perhaps not in all locations. In general, however, tests in
-widely separated localities, and on various early and late varieties of ap-
ples, gave strikingly good results. The spraying has been used extensively
by practical growers, and deserves a fair trial whenever it would be of ad-
vantage to keep the fruit hanging on the trees either for better develop-
ment of color or for a more favorable picking season. The grower should
" remember, however, that the prevention of fruit drop does not delay ma-
turity of the fruit; hence, there is danger that sprayed fruit will be left on
the trees until it becomes overripe.

All of the hormones in concentrated form are potent poisons, and should
be handled with great care. They are used in extremely small amounts
and when pure are hard to dissolve. For convenience and ease in dissolving
and for safe proportioning, the manufacturers put them up in combina-

- tion with carriers, under various names, such as “Parmone” and “Fruitone.”
" Treatment with the hormones prevents fruit, flower, and leaf drop
- apparently by preventing disintegration of the abscission layer, a layer of
plant tissues connecting a stem to the branch on which it is borne. The
disintegration of the abscission layer takes place in nature under the influ-
ence not only of the maturity of the fruit, but of cold, disease, insect in-
jury, sterility, and desiccation.

One year’s test by Cornell Agricultural Experiment Station'®' with
naphthalene-acetic acid spray used to reduce the preharvest drop of apples
indicates that the application of the substance in the form of dust controls

119 §cience 90: 208-209. 1939.

120 Gardner, F. E. Preventing apple drop. Country Gentleman 110, No. 7: 9. 1940,

121 The abscission of immature fruits, the preharvest drop of apples as affected by cultural
ctices, and the control of drop by use of growth-promoting chemicals or hormones (M. B.
E:ffman, A. Van Doren, and A. J. Heinicke), Cornell Univ. Agr. Exp. Sta. (N. Y.) 55th Ann.
pt.: 150. 1942.
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the preharvest drop just as well as in the form of spray. This is important |
since dusting requires considerably less time and labor.

SPRAYING TO THIN APPLES

Some varieties of apples set more fruit than the trees can develop to
desirable size every year, and unless artifical thinning is done, early in the
season, the trees become biennial bearers. Most varieties, in fact, fre-§
quently bear too heavily, so that in spite of the expense, the practice of §
thinning by hand is followed by many of the best growers. Numerous
attempts have been made to thin apples by use of various sprays at bloom
ing time, but the sprays caused too much injury to the foliage. 1

Recent tests by Cornell Agricultural Experiment Station, with the |
sodium salt of dinitrol-cresol,**® showed, however, that a spray with 02 ]
percent of the substance kills open apple blossoms if applied before pollina- 1
tion and fertilization. “By spraying with this material after the first ]
flowers to open have been exposed to good pollination for one day to in-
sure a commercial set, the remaining flowers can be eliminated and thus §
reduce the cost of thinning. Wealthy apple trees treated in this way in §
the spring of 1941 had an excellent crop of large fruits and required very |
little hand-thinning. Check trees set so heavily that the fruits were prac
tically worthless. In 1942 the treated trees have enough bloom for a set, §
an unusual occurrence for such a biennial-bearing variety as the Wealthy. §
The check trees have no bloom.

“This new method promises to greatly reduce the cost of thinning
fruits by hand to insure development of satisfactory size, and it is the first
practical means of inducing annual bearing in varieties usually biennial in
their fruiting habit.”

122 The influence of certain blossom-spray and fruit-thinning practices on the annual bear
ing of apples (M. B. Hoffman, A. Van Doren, and A. J. Heinicke). Cornell Univ. Agr. Exp
Sta. (N. Y.) 55th Ann. Rpt.: 152. 1942.
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APPLE SPRAY SCHEDULE

Applications designated by heavy type are almost always essential.

Name of . A Insects and Material to use for
application Time of application diseases 50 gallons
Dormant When trees are dor- Oil 3% (see page 126)
mant—after leaves are Scale for scale. Tar oils or
all fallen and before Aphid di-nitro (see page 18)
buds open in spring added for aphid
Pre-bloom
(delayed After %-inch leaf tips Scab
dormant, appear and before |Frogeye spot| Lime-sulfur' 1% gal-
pre-pink & | blooms open Rusts lons of 32° Baume
pink stages
(see fig. 93) | |
Note.—In some seasons two scab sprays may be necessary during the period (see page 7)
Bloom When 2/3 to 3% of Scab
blooms are open Blossom Bordeaux 1-3-50
blight

Note—On Transparent and other blight-susceptible varieties, make two applications—
first when half the blossoms are open, and second when three-fourths are open. Prune out
all watersprouts,

. Lead arsenate 2 pounds
Calyx When % of petals Codhsngbmoth Hydrated lime 3 pounds

(see fig. 93) | have fallen fF ca " Lime - sulfur? 1 gallon
rogeye Spol | g99° Baume

Note.—In the case of blotch-susceptible varieties, a spray with 2-3-50 bordeaux alone
should be applied about one week after calyx—between calyx and first cover.

First Codling moth Bordeaux 2-3-50

cover 2 weeks after calyx Blotch Lead arsenate 2 pounds
o ~}_ Scab o

Second 10 days to 2 weeks | Codling moth | Bordeaux 2-3-50

cover after first cover Black rot Lead arsenate 2 pounds

Summer oil (use man-
ufacturers’ directions)
Note.—The second cover spray usually should be the last spray on early varieties, such

a3 Duchess, Early Harvest, Red June, and Transparent. The third and later sprays are to
be applied on midseason and late varieties.

Third 10 days ;fter second |Codling moth Bordeaux 4-6-5032
cover cover Bitter rot Lead arsenate 2 pounds
Summer oil

Fourth 14 days after third |Codling moth Bordeaux 4-6-50

cover cover (about June 15) Bitter rot |Lead arsenate 2 pounds

Fifth 15 days after fourth |Codling moth Bordeaux 4-6-50

cover cover (about July 1) Bitter rot |Lead arsenate 2 pounds
Brooks spot

Sixth About August 1 Bitter rot Bordeaux 4-6-50

cover Brooks spot

1If aphids are present, add 1% pint of Black Leaf 40.

2 A superfine wettable sulfur (see page 121) should be used on varieties easily russeted
by lime-sulfur, such as Golden Delicious.

3This and the following late sprays are primarily to control bitter rot. Therefore, in the
absence of this disease, the sprays should be applied only when there is danger from late
codling moth or Brooks spot. Then 2-3-50 borfeaux should be used instead of the 4-6-50
required for control of bitter rot.
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Fig. 93—Stages of apple buds referred to in the apple spray schedule.
Top, left to right: dormant, delayed-dormant, pre-pink, pink.
Bottom: full-bloom and ealyx,

Fig. 94—Random samples of Rome Beauty apples.
Left, from unsprayed tree; right, from properly sprayed tree.




soliotion | Time of apslication | Intects and | Material to use for
Dormant When trees are dor- Scales Bordeaux 2-2-50 and
mant, before bud scales Leaf curl 3% oil (see page 130)..
crack for San Jose scale or
4% oil for terrapin
secale. o
Pink-bud Buds separate in clus- Blossom Lime-sulfur 11 gallons
ters and show pink blight caused
by brown
rot fungus
Shuck When most of dried | Cureulio? Wettable sulfur? 4
stage floral parts—shucks— Scab pounds or Flotation
split open Brown rot Sulfur 3 pounds
Hydrated lime 2 pounds
Zine sulfate 1 pound
Lead arsenate 1 pound
First- About 2 weeks later Curculio Same as above
cover than above Scab
Second- Early in June Brown rot | Wettable sulfur® 4
cover Scab pounds or Flotation
Sulfur 3 pounds.
~ Third- Early in July® Curculio Wettable -sulfar? 4
. Cover Brown rot pounds or Flotation
Sulfur 8 pounds .
Hydrated lime 2 pounds
Zine sulfate 1 pound
Lead arsenate -1 pound
Pre-har- About 10 days before | Brown rot | Wettable. sulfur® 4
vest* harvest pounds or ‘Flotation
Sulfur 3 pounds®
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PEACH SPRAY SCHEDULE

Applications designated by heavy type are almost always essential.

1The curculio emerges about the time the last of the peach shucks are falling. The
date varies from year to year, and since the spray should be applied at the peak of emer-
gence of the curculio, correct timing will depend upon observation as to when this occurs. A
light canvas is laid under the trees and the trunk is jarred by being struck with a heavily
padded club. When the curculio appears on the cloth, the trees should be sprayed with sul-

- fur and an insecticide; in some years, when curculio is abundant, early spraying with lead
. arsenate may be of advantage in pink-bud.

2Commercial or homemade. The latter is less expensive, but many growers prefer to pay
the difference and save the trouble of preparing their own. Directions for preparing wettable
sulfur are given on pages 121 and 122,

3Third-cover spray is applied only on the midseason and late varieties.

4If the pre-harvest spray or dust could not be applied because of rains, the peaches may
be lightly dusted with plain sulfur, over the conveyor, in the packing shed.

5At time of pre-harvest spray, dry-mix is not recommended because of the residue it
leaves on the fruit. This spray, with wettable sulfur (no arsenate) or with fine sulfur
dust applied shortly before harvest, helps to control brown rot also in shipment and storage.
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PEACH DUST SCHEDULE

In many peach orchards in East Tennessee spraying is rather difficult
because of steep ground or lack of water. Under those conditions, or when
economy in time and labor is of greatest importance, all of the sprays out-
lined in the Peach Spray Schedule, beginning with “shuck stage” and con-
tinuing to the end of the season, may be replaced to advantage by dusting.

In shuck and first- and third-cover stages, dust with the mixture of—

5 pounds lead arsenate
15 pounds hydrated lime
80 pounds fine dusting sulfur.

In second-cover and pre-harvest stages, dust with sulfur alone.

For dusting to succeed, it should be done when the foliage is wet with
dew and the air is quiet—beginning late in the afternoon, after the dew
begins to form, and in the morning before the dew dries up.

PLUM SPRAY SCHEDULE

The schedule for plums is the same as for peaches, since the main
diseases and insect pests are the same. Plums, however, are not injured
by bordeaux; hence, if preferred, 3-4-50 bordeaux may be substituted for
sulfur.

GRAPE SPRAY SCHEDULE

Grapes in Tennessee should receive as a minimum all spray applications designated in
heavy type; otherwise, results may be disappointing.

Insects and

Name and time of application diseases Material to use for 50 gallons
Dormant, when needed Scale Oil 3% (see page 126)
First spring spray — when Leafhopper Bordeaux 4-4-50?!
shoots are 4 to 6 inches long Downy mildew

Black rot

Rose chafer

Pre-bloom? — shortly before Same as above | Same as above
bloom

Immediately after grapes Same Same plus 2 pounds of soap
set

Two weeks later Same Same plus 2 pounds of soap
Cluster spray—when nearly Same Same plus 2 pounds of soap

grown but before berries
touch each other

1During this or any of the later sprays, when leafhoppers appear, add nicotine sulfate,
% pint; and for rose chafers add arsenate of lead, 3 pounds, with 1 gallon of molasses.

2Under serious disease conditions, this pre-bloom spray may be needed, when the clusiers
are formed but before the blossoms open. ;

Note.—Perfect control of the diseases and insects of fruit clusters is obtained even with- |
out spraying when the clusters are properly covered with paper bags shortly after bloom.
Sometimes the bags become unglued, allowing entrance of honeybees and other insects; hence, !
examination and re-gluing of the bags is desirable. It will be better if the bags are glued :
with waterproof glue in the beginning. Bagged grapes may be left safely on the vine long
after the usual period of harvest, and sre far more attractive in appearance than uncovered ;
grapes even when the best spraying work has been done Bagging of grapes has been
practiced successfully in East Tennessee. It has no effect. of course, upon diseases of
leaves, and for their control the spray schedule has to be em, loyed f
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CHERRY SPRAY SCHEDULE

Sour cherries in Tennessee are always severely affected with leaf spot,
which leads to early defoliation, soon greatly weakening or even killing the
trees if not controlled. Hence, the trees should be sprayed every year.

Sweet cherries are not severely affected with leaf spot. They are more
subject to brown rot and should be sprayed for this disease. Sweet cherries
are grown in Tennessee only on a very limited scale.

Heavy type indicates that the spray must not be omitted.

Name and time of application

Insects and

Material to use for 50 gallons

diseases
Dormant, when needed Scale Oil 3% (see page 126)
Shuck stage Curculio Lime-sulfur (32° Baume) 1
Leaf spot gallon; lead arsenate 1

pound; hydrated lime 1
pound.

Prior to harvest (applied Brown rot Wettable sulfur 2 pounds

generally to sweet cherries)

Shortly after harvest Leaf spot Bordeaux 2-2-50

One month later Leaf spot Bordeaux 4-4-50'

1If slugs attack the leaves, add 1 pound of lead arsenate to 50 gallons of bordeaux.
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RED RASPBERRY SPRAY SCHEDULE

Name and time of application Diseases Materials to use for 50 gallons

Delayed-dormant, at the time Anthracnose | Lime-sulfur (32° Baume) §
buds begin to break and show gallons to 50 gallons of water
silver and before the leaves
are ¥ inch long

Pre-bloom—from time when Leaf spot Bordeaux 2-2-50; or Tennes-
new canes are 8 inches long see Copper Fungicide 34, 3 :
to about 10 days before pounds to 50 gallons of wa-
blooming time ter?

Immediately after blossom Leaf spot Same as above

ing is over

Immediately after harvest Leaf spot Same as above
Three to four weeks after the Leaf spot Same as above
above

1 If raspberry beetle is serious, add 2 pounds of hydrated lime and 14 pounds of lead
arsenate. If the Tennessee Copper Fungicide 34 or any other ‘“fixed” copper (see page 120) is
used as dust, to each 82 pounds add 10 pounds of hydrated lime and 8 pounds of lead arsenate.

Note.—All of the sprays, except delayed-dormant, can be replaced by dusting, with a
“fixed” copper fungicide (see page 120) to which about 5 percent, by weight, of wheat or soy- :
bean flour should be added.

Red raspberries in Tennessee are severely affected by anthracnose and
leaf spot. The firstnamed disease kills the canes and branches and thus |
greatly weakens the plants, and the second leads to early defoliation and
thus to low vitality and yields. Anthracnose is readily controlled by delayed-
dormant spray with lime-sulfur, and leaf spot by summer spraying or dust
ing with copper fungicides, applied according to the schedule.
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