


CONTENTS
** **

Influence of Rootstock and Herbicides on Apple Tree Growth,
by David C. Ferree, Robert 6. Hill, Jr., and E. K. Alban 1

Influence of Alar on Mel rose, by David C. Ferree 5

Influence of Trickle Irrigation and Nitrogen Source on Growth
of Young Apple Trees, by David C. Ferree and Garth A. Cahoon ,.. 7

Influence of Freshly Treated Posts on Growth
of Newly Planted Trees, by David C. Ferree 11

Low-Volume Spraying in High-Density Apple Orchards,
by Franklin R, Hall and David C. Ferree 13

Monitoring for Codling Moth and Redbanded Leafroller
in Apple Orchards, by Franklin R. Hall 17

Emergency Control of European Red Mite in the
Integrated Control Program, by Robert P. Holdsworth 23

Studies with High-Density Stone Fruit Plantings,
by Fred 0, Hartman , * 27

Effects of Ethrel (2-Chloroethylphosphonic Acid) on Concord Grapes,
by Garth A. Cahoon 29

8-74-4M



INFLUENCE OF ROOTSTOCK AND HERBICIDES ON APPLE TREE GROWTH

David C. Ferree, Robert 6. Hill, Jr., and E. K. Alban
Department of Horticulture

Ohio Agricultural Research and Development Center

The use of herbicides for weed control in apple orchards has become standard
cultural practice in recent years. With the increasing use of various size-control-
ling rootstocks in modern orchards, it became necessary to evaluate the influence
of herbicides on these rootstocks.

In 1968, a study was established at the Jackson Branch to evaluate the influence
of various herbicides on tree growth and fruiting in southern Ohio. Blaxtayman was
propagated on six rootstocks and planted at the following tree spacings: M. 9 and
M. 26 at 9 feet; M. 7, MM. 106, and MM. Ill at 18 feet; and apple seedling at 25 feet
in the row with approximately 30 feet between rows. The trees were maintained with
standard orchard practices.

Herbicides were applied in a band at the following rates of active ingredient p€
acre: Casoron 6 lb., Paraquat 1 lb., Amazine 4 lb., Diuron 4 lb., Sinbar 4 lb., and
Cytrol 1-1/2 lb. The spreader X77 was used with all Paraquat treatments. Check tree
received hand hoeing as needed during the season. The treatments were arranged as a
randomized complete block with four replications. In 1972, the Amazine treatment was
changed to Simazine and in 1973 Cytrol was changed to Roundup--1-1/2 lb.

The trunk circumferences of all clonal rootstocks were significantly smaller ths
trunks of apple seedling trees. However, the height and width of M. 7, MM. 106, and
MM. Ill were not significantly different from apple seedling after six seasons of
growth. Trees on M. 26 and M. 9 were smaller than the other rootstocks in overall
tree dimensions and trunk circumference. Trees on these smaller rootstocks had cease
excessive vegetative growth and had assumed the open spreading habit of a fruiting
tree. However trees on the other stocks were still in a vigorous state of growth
and have not yet developed a strong spur system.

Both M. 9 and M. 26 had filled the 9 feet of row space allotted them, while the
other stocks had not yet filled their allotted space (percentage of area filled aftex
6 years: M. 7 = 62%, MM. 106 = 65%, MM. Ill = 64%, apple seedling = 50%). At this
time, the spacing allotted appears to be slightly too large for M. 7 (could be 15
feet), but based on the amount of vegetative growth the spacing appears correct for
the other rootstocks.

The greatest tree losses occurred during 1968 through 1970, with M. 9 resulting
in the greatest loss (16 trees), followed by MM. 106 (9 trees), M. 26 (7 trees), M. 7
(5 trees), MM. Ill (4 trees), and apple seedling (2 trees). In 1973, a severe wind-
storm caused 5 trees on M. 26, 2 trees on M. 7, and 1 tree on M. 9 to be broken at
the bud union. The significant loss of Blaxtayman on M. 26 and the small si^e of
this combination are probably due to some degree of incompatibility of this combina-
tion, since the same problem has also been observed in other plantings. All tree
losses in this planting appeared unrelated to the herbicide treatment.

Cytrol (changed to Roundup in 1973) and Diuron and Paraquat and Sinbar combina-
tions resulted in significant increases in trunk circumference and tree width. This
difference in tree response was no doubt associated with the related reduction in
weed control. All of the herbicides except Simazine resulted in a greater increase
in trunk circumference during the 1972-1973 season when compared to the check. Tree



TABLE 1.—Influence of Six Rootstocks on the Growth of Blaxtayman Trees at
Jackson (Planted in 1968).

Rootstock

M. 9
M. 26
M. 7
MM. 106
MM. Ill
Apple Seedling

LSD 5%
LSD 1%

Trunk Circ.
1972
(In.)

12.6
14.4
19.6
19.8
19.8
21.8

1.6
2.2

Trunk Circ.
1973
(In.)

16.4
18.5
26.9
27.3
26.9
30.0

1.9
2.5

Trunk Circ.
Difference

(In.)

3.9
4.1
7.3
7.5
7.1
8.2

.6

.8

Tree
Height
(Feet)

9.6
10.5
13.4
14.0
14.3
14.4

.6

.8

Tree
Width
(Feet)

9.4
10.1
11.3
11.7
11.5
12.0

.9
1.2

Branch
Density*

2.7
2.7
4.5
4.4
4.6
4.6

.1

.2

*Branch density—visual rating system ranging from 1 = sparsely branched
and open to 5 = thickly branched and dense*

TABLE 2.—Influence of Herbicides on Tree Growth of Blaxtayman at Jackson
Branch (Set 1968).

Trunk Circ.
1972

Herbicide

Check
Casoran
Amazine

Paraquat
Paraquat
Simazine
Cytrol +
Paraquat

LSD
LSD

(eg
in
+
+

. to Simazine
1972)

Simazine
Diuron

Diuron
+

5%
1%

Sinbar

(In

17.
17.

17.
18.
17.
16.
19.
19.

1.
2.

•)

5
6

5
8
4
5
1
7

9
5

Trunk Circ.
1973
(In

23.
23.

23.
25.
23.
22.
26.
27.

2.
2.

•)

0
8

4
2
7
4
0
1

2
9

, Trunk Ci re . Tree
Increase
(In

5.
6.

5.
6.
6.
'5.
6.
7.

.
•

•)

5
2

9
4
3
9
9
5

3
4

Height
(Feet)

13.1
12.5

12.4
12.5
12.5
12.3
13.0
13.3

.7

.9

Tree
Width
(Feet)

10.1
10.8

10.3
10.7
11.1
10.5
12.1
12.3

1.1
1.4

Branch
Densityt

3.9
3.8

4.0
3.8
4.0
3.8
4.1
4.0

.4

.5

*A11 values are averages of growth produced on six rootstocks,
between herbicide and rootstock was not present.

An interaction

tBranch density—visual rating system ranging from 1 « sparsely branched and
open to 5 = thickly branched and dense.
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height and branch density were unaffected by the herbicide treatments* In this study,
the herbicides affected each rootstock the same and no interaction between rootstocks
and herbicides occurred.

After six seasons of growth, M. 9 and M. 26 have filled their allotted space in
the orchard, the trees have assumed a fruiting character, and the amount of pruning
required was static. Since trees on M. 7, MM. 106, MM. Ill, and apple seedling were
still very vegetative, the amount of pruning required on trees on these stocks was
still increasing dramatically each year. Trees on these larger stocks now require
a ladder for picking and pruning, while M. 9 and M. 26 can be handled almost exclu-
sively from the ground.

In this study the herbicides had essentially the same influence on all the root-
stocks and tree growth (as measured by change in trunk circumference). Rootstocks
were benefited by all the herbicides except Simazine by itself, which did not give
effective weed control.

Fruit Crops Research--!974. Research Summary 75, Ohio Agricultural
Research and Development Center, Wooster. August 1974.
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INFLUENCE OF ALAR ON MELROSE

David C. Ferree
Department of Horticulture

Ohio Agricultural Research and Development Center

Since Melrose generally produces excessively large fruit and in some years is
poorly colored, the following study was originated to evaluate the influence of Alar
on these characteristics.

Alar sprays were applied in June to standard 17-year-old trees of Melrose. The
sprays were applied to drip with a high-pressure spray gun. A single row of 25 trees
was divided into groups of eight with the following Alar concentrations applied:
3000 p.p.m., 2000 p.p.m., and unsprayed.

A 100-fruit sample was taken at random from each group of trees and stored at
32° F. until January when the size and color were determined. The color evaluation
consisted of a visual estimation of the percentage of the fruit showing red color as
follows: 1 = 95% red, 2 = 85% red, 3 = 75% red, 4 = 65% red, 5 = 55% or less red.

The results (Table 1) indicate that application of Alar caused a slight size
reduction in Melrose. These effects are particularly beneficial with this cultivar
because in past years size has been too large and red coloration has been lacking.

In 1973, the fruit exhibited a greater amount of russet than normal for this
cultivar. However, the degree of russeting was not related to the Alar treatments.

TABLE 1.--Influence of Alar on Size and Color of Melrose Apples
in 1972 and 1973.

Color* Fruit Diameter (In.)f

Treatment 1972 1973 1972 1973

Check
2000 p. p.m.
3000 p. p.m.

2.38
1.66
1.47

3.62
3.04
2.79

3.26
3.19
3.02

3.36
3.14
3.05

*Average values of 100 fruit with following rating system:
1 = 95% red, 2 = 85% red, 3 = 75% red, 4 = 65% red, 5 = 55% or less
red color.

"'"Average values of 100 fruit.

Fruit Crops Research—1974. Research Summary 75, Ohio Agricultural
Research and Development Center, Wooster. August 1974.
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INFLUENCE OF TRICKLE IRRIGATION AND NITROGEN SOURCE
ON GROWTH OF YOUNG APPLE TRElES

David C. Ferree and Garth *A, Cathoon
Department of Horticulture

Ohio Agricultural Research and Development Center

The small tree size and early bearing characteristics of trees on M. 9 have
increased the demand for this rootstock in Ohio, and well-managed plantings have
been quite successful. However, some plantings on M. 9 have been improperly managed
and have made very poor growth in the early years; because of this, they were ulti-
mately unprofitable.

To secure maximum early growth of trees on this rootstock, a study was initiated
at Wooster to determine the role of fertilizer forms or application methods and trickle
irrigation on tree growth and fruiting.

Materials and Methods

A total of 96 trees of Golden Delicious on M. 9 rootstocks arranged in a split
plot design with four replications were planted in the spring of 1972. The site was
on Wooster silt loam soil and before planting received an application of lime, phos-
phorus, and potassium based on soil test results. Planting holes (2 x 2 x 1-foot)
were dug and some of the fertilizer forms were incorporated in the holes and others
were applied to a 4-square foot area on the soil surface in 1972 and an area of 8
square feet in 1973*

The following readily available forms of nitrogen were used: solution, Peters
16-4-12 (applied in 2 gal. of water), ammonium nitrate, and potassium nitrate. The
slow release nitrogen formulations tested were Mag. Amp*, Wisconsin packet, Agriform
pellets, and sulfur-coated urea with dissolution rates (the percent N available 7
days following planting) of 7%, 15%, and 30%. The sulfur-coated urea was provided
for experimental purposes through the Tennessee Valley Authority. All forms of fer-
tilizer were applied to supply the amount of nitrogen equivalent to that contained
in 1/8 Ib. of ammonium nitrate (18.6 grams N per tree) per year of tree age.

The trees were headed at 28 inches at planting time and received standard orchard
care following planting.

Trickle irrigation was applied to half of the trees using 1/2-inch plastic lines
with one microtube emitter (0.036-inch inside diameter) placed 10 inches from the tree.
A well served as the source of the irrigation water and a 100-mesh screen was placed
in the line to prevent small particles from plugging the microtubes. To further pre-
vent clogging and to anchor the microtubes, a 3-inch piece of 1/2-inch diameter plastic
pipe was attached to the end of the microtube.

Water was supplied at the rate of 2 gallons per hour to each tree. The rate of
flow was adjusted by varying the length of the microtube and application times were
controlled by a timeclock. In 1972, the trees were irrigated for 1 hour and in
1973 for 2 hours each day. A pressure regulator maintained the water pressure at
8.5 p.s.i.

Tensiometers of 12, 24, and 36-inch lengths were spaced 4 inches apart and placed
at representative sites in both irrigated and nonirrigated blocks. The tensiometers
were placed 10 inches from the tree and 5 inches on the uphill side of the emitters
in the irrigated plots, with a corresponding location in the nonirrigated plots* Ttfl*
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siometer values were recorded three times each week. In 1972, the extension growths
longer than 10 cm. were measured monthly during the growing season on each tree. In
1973, the extension growths of a five-shoot sample (composed of the central leader
and four scaffold branch terminals) were measured at monthly intervals and total ex-
tension growth was measured after leaf fall. A leaf sample was taken for nitrogen
analysis in August 1972 and once a month from June through September in 1973.

Results

The 1972 rainfall at the site during July, August, and September was 5.91 inches
above normal, with 0.85 inches more precipitation than evaporation. For the same
period in 1973, precipitation was 1.70 inches below normal with 8.59 inches more
evaporation than precipitation. The tensiometer values (Table 1) did not reflect
the lower amount of precipitation in 1973 as compared to 1972. Since the 1-foot
tensiometer was placed close to the emitter, water applied through irrigation reduced
the tensiometer values as expected. At the 24 and 36-inch depths, the same trend was
present, but the differences were not as great. Since the water holding capacity of
the Wooster silt loam soil is very high, the area wetted was not as great as has been
reported for soils of lower water holding capacity*

Due to the high moisture holding capacity of the soil and nearly adequate rain-
fall, trickle irrigation did not produce significant increases in overall shoot growth
in either year (Table 2). However, there was a trend toward increased shoot growth
the first growing season, with the irrigated trees producing 20% more shoot growth
than the nonirrigated. During the second season, irrigation resulted in decreased
growth of the check and potassium nitrate trees. Trickle irrigation appeared to in-

TABLE 2.—Influence of Trickle Irrigation and Various Nitrogen Sources on Total
Shoot Growth of Golden Delicious on H.9 Rootstocks Planted in 1972.

Total Shoot Growth (cm.)
1972 1973

Percent Percent
Fertilizer Treatments* Check Trickle Difference Check Trickle Difference

Readily Available Nitrogen Forms
Check
Solution (Inc.)1"
Ammonium Nitrate (Inc.)
Ammonium Nitrate (Sur.)
Ammonium Nitrate Split (Sur.)
Potassium Nitrate (Sur.)

Slow Release Nitrogen Forms
Mag. Amp. (Inc.)
Wisconsin Packet (Inc.)**
Agriform Pellets (Inc.)**
Sulfur Coated Urea 7% (Inc.)
Sulfur Coated Urea IBS (Inc.)
Sulfur Coated Urea 3Q% (Inc.)

236
181
167
154
271
208

240
195
181
240
204
172

228
258
283
224
242
259

257
258
185
287
217
302

- 4
30
41
32

-11
20

7
25
3
17
6
44

1407
1170
1193
1123
1280
1366

1199
1252
1070
1231
1284
1129

996
1313
1328
1301
1127
1106

1094
1118
1116
1194
1040
1407

-30
n
n
14
-12
-20

- 9
-11
5

- 4
-16
20

*A11 treatments applied as the nitrogen equivalent of 1/8 Ib. of ammonium
nitrate per tree per year of tree age,

flnc. - Placed in planting hole in 1972 and applied to surface in 1973.
Sur. - Applied to soil surface.

**No application in 1973.
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TABLE 3.--Influence of Trickle Irrigation and Various Nitrogen Sources on Leaf
Nitrogen Concentration of Golden Delicious on M.9 Rootstocks Planted in 1972.

Fertilizer Treatment*
Leaf Nitrogen 1973 (Percent
C h e c k T r i c k

Readily Available Nitrogen Forms
Check
Solution (Inc.)t
Ammonium Nitrate (Inc.)
Ammonium Nitrate (Sur.)
Ammonium Nitrate Split (Sur.)
Potassium Nitrate (Sur.)

Slow Release Nitrogen Forms
Mag. Amp. (Inc.)
Wisconsin Packet (Inc.)**
Agriform Pellets (Inc.)**
Sulfur Coated Urea 7% (Inc.)
Sulfur Coated Urea 15% (Inc.)
Sulfur Coated Urea 30% (Inc.)

LSD .05 .08
LSD .01 .10

2.69
2.72
2.78
2.76
2.66
2.74

2.71
2.68
2.66
2.69
2.67
2.79

2.68
2.61
2.70
2.67
2.71
2.71

2.73
2.60
2.62
2.72
2.68
2.72

*A11 treatments applied as the nitrogen equivalent of 1/8 Ib. of ammonium
nitrate per tree per year of tree age.

tine. - Placed in planting hole in 1972 and applied to surface in 1973.
Sur. - Applied to soil surface.

**No application in 1973.

crease shoot growth of trees receiving slow-release fertilizer and decrease growth
of those receiving forms of more readily available nitrogen* This trend is also
present in the leaf nitrogen concentrations (Table 3) from these trees. All treat-
ments resulted in adequate leaf nitrogen levels, and the increase achieved by the
additional fertilizer was minimal. The levels of 10 other essential nutrient elements
were not influenced by the treatments in this study.

Conclusions

It appears that the use of trickle irrigation may require changes in fertilizer
practices. However, more information is needed to determine the materials and methods
of application which will produce optimum results. Limited experience thus far with
trickle irrigation indicates that it is not of great benefit in establishing trees on
M. 9 rootstocks in years of adequate moisture on soils with a high moisture holding
capacity. However, the influence of trickle irrigation needs to be evaluated on shoot
and fruit growth in years when rainfall is lower and the trees are older and in greater
competition with each other.

Although little increase in growth was produced by the fertilizer applied in this
study, it must be kept in mind that the soil had been amended prior to planting based
on soil test results. Other soil types with lower natural fertility and moisture
holding capacity may respond much differently.

Fruit Crops Research—1974. Research Summary 75, Ohio Agricultural
Research and Development Center, Wooster, August 1974.
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INFLUENCE OF FRESHLY TREATED POSTS ON GROWTH
OF NEWLY PLANTED TREES

David C. Ferree
Department of Horticulture

Ohio Agricultural Research and Development Center

As orchard plantings are converted to high and ultra-high densities of small
trees, the use of training aids such as stakes and a trellis becomes necessary to
assist in directing tree growth. Since the small tree required for these systems
is produced mainly on poorly-anchored M. 9 rootstock, the trellis or stake also
serves as a support.

Since training aids are needed for the life of the planting, posts are treated
with a material such as penta chlorophenyl to prolong their life. Although minor
leaf chlorosis had been observed earlier on trees planted close to a weathered penta-
treated post, shoot growth did not appear to be reduced and the symptoms ceased to
appear after 2 to 3 years. However, in a long-term study to evaluate four management
systems for high density orchards, more severe injury was observed with treated posts.

Due to the limited availability of penta-treated posts in 1973, freshly-treated
8-foot posts were accepted and set at a 7-inch distance from the trees in a modified
slender spindle management system. The same posts were also used in a trellis plant-
ing, with end posts located 4 feet from the trees and the line post 1 foot from the
tree. Both systems were replicated four times, with a total of 176 trees in the
slender spindle system and 112 trees in the trellis system. Trees in the slender
spindle and trellis systems were selected for uniformity in size and consisted of
the following cultivars on M. 9 rootstock: Topred and Millerspur Delicious, Sundale
(Spur), and Golden Delicious. In another planting, 7-foot posts were set 8 inches
from Oregon Spur Delicious on M. 26. In this planting, half the trees were on MM. Ill
and were unstaked.

In mid-July, leaf chlorosis was obvious on the trees of all cultivars planted
closest to the posts. A bark lesion was first noticed on a few Delicious trees in
August. This lesion first appeared as a brown blister which subsequently cracked
and extended vertically up and down the trunk in the area immediately above the graft
union. After leaf fall, total shoot growth per tree was measured and it was found
that the trees in the slender spindle system (each tree beside a post) had grown
much less than similar trees on the trellis. Growth was reduced by the following
percentages: Golden Delicious, 41%; Sundale, 44%; Topred, 42%; and Millerspur, 58%.

During the fall and winter, more bark lesions appeared, existing ones spread,
and by spring 86 of the 88 trees of the Delicious strains on the slender spindle
system had died back to the graft union. None of the trees of Golden Delicious and
Sundale had died. In the trellis planting, only four trees were killed and these
were the Delicious trees planted 1 foot from the line posts. The staked Oregon Spur
on M. 26 had 32 trees which appeared normal, 10 trees with obvious stunting and
growth reduction, and 30 trees which had been killed back to the graft union. The
12 staked pollinator trees of Golden Delicious on M. 26 appeared normal and none of
the unstaked Oregon Spur on MM. Ill had died.
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LOW-VOLUME SPRAYING IN HIGH-DENSITY APPLE ORCHARDS

Franklin R. Hall and David C. Ferree
Departments of Entomology and Horticulture

Ohio Agricultural Research and Development Center

There is a significant trend towards the use of low-volume spray equipment for
pest control. In 1970, Ohio surveys showed that most growers were applying orchard
pesticides at 2 to 4X concentration. The most recent Ohio tree and vine survey showed
that dwarfing rootstocks now account for almost one-third of all Ohio apple trees.
The advantages of low-volume spraying are enhanced with this trend to smaller trees.

Low-volume spraying offers a way to reduce chemical dosages about 20% because
of lack of runoff. However, low-volume spraying requires greater accuracy than dilute
spraying and can contribute to unnecessary use of pesticides if caution is not exer-
cised in its use. In addition, integrated control programs now under study require
precise measurements of the correct chemical being applied to the orchard.

This paper reports the results of a 2-year study to compare two spray volumes
for control of insects, mites, and diseases in two high-density apple orchards.

Materials and Methods

Two types of sprayers were utilized in this experiment. A Myers 2A36 was cali-
brated to apply 170 gallons of spray per acre at 2 m.p.h. The second spraying system
used a Kinkelder Royal calibrated to apply 20 GPA at 3 m.p.h. The spray schedule con-
sisted of a standard Captan-Guthion program. The amount of spray material used per
acre was reduced 20% of the standard dilute (400 GPA) dosage.

The dwarf trees were planted in 1956 at a spacing of 10 x 18 feet on Mailing
(M. 9) rootstocks, with 140 trees of three cultivars treated with each spray system.
The semi-dwarf trees on M. 7 were planted in 1955 at a spacing of 30 x 35 feet, with
90 trees of six cultivars receiving each spray treatment. The trees on M. 9 ranged
from 6 to 8 feet in height, while the M. 7 trees were approximately 15 feet to 17
feet in height.

European red mite samples were obtained by collecting 25 leaves from eight trees
of each cultivar at 2-week intervals. Foliar apple scab and powdery mildew data were
collected by sampling two to six terminal shoots on 4 to 16 trees of each cultivar.
Insect and disease injury to the fruit was obtained by passing all fruit from each
tree over a weight sizer and counting the number of damaged fruits.

Results

Tables 1 and 2 show the results of the study in 1972 and 1973. In both years,
there was no injury from codling moth and less than 0.5% from all other insects. In-
fection from apple scab, although high on the foliage (particularly in 1972), did
not get above 1% damage except for M. 9 Delicious under the 170 gal. per acre treat-
ment in 1973. Powdery mildew infections were higher in the M. 7 orchard and particu-
larly under the 20 gal. per acre treatment (Table 1). Control of European red mite
was good in both years, with Delicious having the highest populations in both orchards.

In 1972, Golden Delicious apples in the M. 9 orchard were rated for russet. The
average individual fruit russet values were 20 gal. per acre -- 2.7 and 170 gal. per
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TABLE 3.--Influence of Spray Application Method on Fruit Russet Formation in
Dwarf and Semi-dwarf Apple Trees, 1973.

Dwarf - M.9

Semi -dwarf - M.7

Rate of
Application
(Gal. /A.)

20
170

20
170

Golden
Delicious

1.97*
2.08

2.01
2.03

Jonathan

2.25
2.28

2.89f
2.98

Delicious

1.90
1.82

*Russet rating system: 1 = no russet, 5 = completely russeted.
"tMelrose variety.

acre -- 2.4. Table 3 shows the russet ratings for 1973. Again, no difference was
noted in the two orchards with either spray volume treatment.

Conclusions

Both spray volume treatments yielded satisfactory control of mites, insects, and
diseases of apples. There are additional considerations for use of low-volume appli-
cations in high-density orchards. The reduction of spray material by 20% is a sig-
nificant savings. The time required to spray an acre of orchard at 20 gal. per acre
is approximately 55% of that at 400 gal. per acre. In addition, the costs of machine
plus labor of high-volume sprayers operating at dilute are about 1.6 times that of
low-volume machines at 20 gal. per acre.

Low-volume sprayers at this time generally cost less than their dilute counter-
parts, and costs can be further reduced by utilizing P.T.O.-type models. Compaction
in high-density orchards may be a serious problem and P.T.O. low-volume sprayers are
generally lighter in weight than high-volume sprayers.

Since low-volume applications require a concentrating of pesticides into lower
amounts of water, very careful attention to both calibration and application is re-
quired. Wind plays a more important role in obtaining adequate coverage in taller
trees with low-volume sprayers. The use of dwarfing rootstocks should aid this par-
ticular factor of coverage.

In general, the availability of effective low-volume sprayers (20-60 GPA) should
prove extremely useful to those Ohio growers anticipating the planting of high-density
apple orchards of 200 to 400 trees per acre with 8 to 10-foot driveways.

Fruit Crops Research—1974. Research Summary 75, Ohio Agricultural
Research and Development Center, Wooster, August 1974.



MONITORING FOR CODLING MOTH AND REDBANDED LEAFROLLER
IN APPLE ORCHARDS

Franklin R. Hall
Department of Entomology

Ohio Agricultural Research and Development Center

Codling moth and redbanded leafroller are two of the more important insect pests
of apple in Ohio. Effective control of first generation codling moth larvae and red-
banded leafroller larvae is of prime importance in the development of successful inte-
grated control programs.

There are several methods for determining the time of activity and population
levels of codling moth in apple orchards; i.e., black light traps and more recently
sex pheromone traps. Both of these trapping methods were utilized at Wooster during
the past 3 years to compare efficiency and effectiveness of these tools for the pre-
diction of orchard infestations.

Figure 1 shows the dates of peak emergence of male and female codling moths of
the past 10 years by means of black light trapping. The data show that in 7 to 10
years, the peak emergence of the spring generation adults apparently occurred in a
2 to 3-week period from about May 20 to June 10* The first-generation adults peaked
around the last week in July but this date was much more variable.

Note the extended interval between peak codling moth activity in 1969 and the
much later activity of first-generation codling moth in 1972. In both 1969 and 1972,
there was above average rainfall during the month of July. At the peak of adult
flight, egg laying activity should be reaching a maximum and peak larval hatch should
be anticipated within a period of 10 to 15 days.

The black light trap attracts many other species of insects as well as codling
moth and identification by the untrained person is difficult. Its effectiveness to
attract adults from distant points is limited (Fig. 2). There was only 2% damage in
an unsprayed block of Romes where this trap was located. On trees 35 feet away, the
damage was 10-12%, while 70-100 feet away from the light trap, the damage to apples
averaged 30%.

Pheromone traps, on the other hand, have been shown to attract codling moth males
from 1/2 mile or more to the sex attractant baits. Figures 3-10 show pheromone trap
catches of codling moth and redbanded leafroller by some Ohio growers on a weekly
basis in 1973.

Figure 3 is a commercial orchard in Wayne Co. and shows two distinct codling
moth activity periods, while in nearby Ashland County (Fig. 4), a smaller orchard
had no definite activity periods, in part due to the lower population level within
this orchard. Another orchard in Ashland County (pig. 5) had obvious activity peaks
of both codling moth and redbanded leafroller, as did a grower in Columbiana Co.
(Fig. 6). Although widely separated in distance, the adult activity in both orchards
occurred generally during the same weeks. The level of codling moth catch (Fig. 6)
and location of these traps indicate that some reinfestation was occurring and the
level of catch was excessively high. A tight spray schedule was evidently effective
because little damage was noted at harvest.

Figure 7, an orchard abandoned for the first time in 1971 and within 1/2 mile of
Orchard MEL (Fig. 3), shows the rapidity of buildup in first-generation codling moth
activity. The orchard in Figure 8 was abandoned for a number of years and had a
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reduced crop load, which accounts for the lower although well-defined insect catches.
The orchards in Figures 9 and 10 are located in northern Ohio near Lake Erie. Both
sets of data are more difficult to interpret because of the skips in insect data col-
lection. The early peak of codling moth shown in Figure 9 is considered a misidenti-
fication of the adult. The difficulty in interpreting the data in July is obvious.
Figure 10 had well-defined codling moth activity, while that of redbanded leafroller
is more difficult to interpret.

Oviposition by codling moth is quite variable and highly dependent upon tempera-
ture, wind, rainfall, etc., particularly in the spring generation. The egg hatch of
spring codling moth should be able to be predicted, however, by the peak activity of
the males. The pheromone traps represent potential useful tools for the grower if:

1. Pest identification is correct,

2. Traps are collected on a regular basis (once a week minimum),

3. The data are recorded and monitored while decisions are made on the
materials and timing of sprays.

The best use of these traps may be to show orchard infestations from nearby (up
to 1 to 2 miles) abandoned and wild orchards or nurseries. In addition, each year
is different (Fig. 1) and population levels and seasonal activity are greatly depend-
ent upon such factors as temperature, wind, relative humidity,, rainfall, etc. The
sex pheromone trap aids the researchers1 ability to accurately monitor these year to
year and within growing season changes. As knowledge of the trap and weather infor-
mation increases, predictions of peak larval activity and subsequent population levels
within the orchards will increase in accuracy.

Fruit Crops Research—1974. Research Summary 75, Ohio Agricultural
Research and Development Center, Wooster. August 1974.
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EMERGENCY CONTROL OF EUROPEAN RED MITE
IN THE INTEGRATED CONTROL PROGRAM

Robert P, Holdsworth
Department of Entomology

Ohio Agricultural Research and Development Center

If European red mites increase to numbers which cause bronzing of foliage, then
chemical control is advisable. It is possible to control mites chemically without
the need to stop using the integrated program.

The following experiment, conducted in 1973 at The Ohio State University Overlook
Orchard, Carroll, Ohio, shows that miticides can be used to favor predaceous mites
while suppressing the European red mite.

The smooth yellow mite (Zetzellia mail) and the fallacis mite (Neose±lus fallacii
feed on the European red mite (Panonychus ulmi) and the apple rust mite (Aculus
schlectendall). The apple rust mite is a leaf feeder, but this is desirable in an
integrated program. It causes little damage and it maintains predaceous mites when
there are not many European red mites for food.

The dosages of miticides recommended in the standard (Ohio nonintegrated) progra]
kill all mite species. The goal of this experiment was to determine if miticides can
be used in less than recommended amounts and destroy European red mites while sparing
beneficial mites.

In 1973, eight miticides were evaluated. There were eight replicates of each
treatment. Table 1 lists each miticide with the standard (or Ohio-recommended) amoun
in contrast to the lower amount used in the experiment. Table 2 shows the effects on
four mite species.

The results indicate that Omite, Plictran, and Carzol can be used at low strengtl
to control an outbreak of European red mite and, at the same time, restore the balanci
desired between the red mite and predaceous mites. In other words, predaceous mites
are favored.

TABLE 1.—Comparison of Dosages, Ohio-Recommended Amounts vs. Low Experimental
Amounts, of Eight Miticides Applied July 12, 1973.

Amount of Formulation/Acre
Recommended Experimental

Miticide Formulation* Amount Amount

Kel thane
Ted ion
Fundal
Plictran
Acaralate
Morestan
Omite
Carzol

35 WP
50 WP
97 SP
50 WP
25 EC
25 WP
30 WP
92 SP

3 Ib.
1.6 Ib.
1.6 Ib.
1.2 Ib.
3 qt.
N.R.
4 Ib.
1.6 Ib.

2 Ib.
1 Ib.
4 oz.
6 oz.
3 qt.
4 oz.
2 Ib.
2 oz.

*WP = wettable powder, SP = water soluble powder, EC = emulsifiable concentratef
N.R. = not registered for summer use.
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TABLE 2.--Selective Kill of Four Mite Species and Duration of Effectiveness of Single Applications* of
Eight Miticides at Low Strengths—Carroll, Ohio, 1973.

Date Mite Kelthane Tedion Fundal Plictran Acaralate Morestan
Number of Mites/15 Leaves"*"

Omite Carzol No Miticfde

July 9
(Prespray)

July 18
(Day 6)

July 29
(Day 17)

Aug. 12
(Day 31)

Aug. 28
(Day 47)

Rust Mite
European Red
Mite
Smooth Yellow
Mite
•N, fallacis

Rust Mite
European Red
Mite
Smooth Yellow
Mite
N. fallacis

Rust Mite
European Red
Mite
Smooth Yellow
Mite
N. fallacis

Rust Mite
European Red
Mite
Smooth Yellow
Mite
N. fallacis

Rust Mite
European Red
Mite
Smooth Yellow
Mite
N. fallacis

375a
Oa

8.9a

O.la

7f
Oe

1.3de

Ob

7e
Oa

32a
13.8a

C.5f

Oa

26a
6.7a

1.8g

Od

819a 461a
13.5a 10.la

15.Oa

0.2a

379a
11.Oa

15.Ob

0.9a

377a
67. Oa

6.3a

0.2a

Of
3.2d

10.9c

Ob

23d
Oa

3.5e 10.led 12.7c

Ob 1.3a Ob

155a
89.9a

20.2d

2.7a

55a
90.2a

14.2f

6.2a

26a
5.4a

10.7e

Oa

12a
Oa

18.9e

Oa

472a
24.6a

4.4a

0.2a

Of
Oe

Oe

Ob

Oe
5.9a

0.3ef

0.6b

88a
8.8a

2.2f

2.2a

39a
20.5a

3.75

4.6b

14.6a

15.6a

0.2a

Of
2.Id

3.3d

Ob

24d
14.2a

8.Id

O.lb

167a
25.4a

11.8e

0.6a

la
40.8a

26.9d

2.5c

1291 a
12. 9a

10. 6a

Oa

57d
Oe

Oe

0.2b

240b
1.7a

8.5d

0.5b

46a
8.2a

31. 6c

3.7a

7a
22. 5a

44. Oc

1061 a 705a
11.2a 2.9a

3.5a 11.7a

0.2a 0.4a

40e 307b
0.4e 4.9c

1.8de 28.2a

O.lb Ob

26d 103c
Oa 11.4a

1.2ef 48.3b

0.2b Ob

76a 14a
16.5a 18.7a

0.8f 49.5b

1.8a 2.7a

8a
32.8a

13.4f

4.4b

Oa
13.Oa

59.8a

0.9d

10647a
2.9a

14.2a

O.la

290e
8.7b

29.5a

0.6a

97c
22. Oa

51.6a

1.2a

71a
12.Oa

58.2a

3.la

28a
9.8a

52.3b

l.Bcd

*A11 sprays applied on July 12. All trees were Red Delicious on MM-106 rootstocks, 3 years in field.
tMean = Total mites/15 leaves/tree (eight replicates).
**Means followed by the same letter do not differ at the 5% confidence level.
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Omite and Plictran are highly toxic to the European red mite, rust mite, and
smooth yellow mite, but only moderately toxic to N. fallacis. This valuable predator
was able to come back into the trees in 17 days and suppress the leaf feeders. The
smooth yellow mite did not recover but this had no effect since the fallacis mite
was able to increase faster in late July and August than the European red mite.
Rust mites recover sufficiently after Omite and Plictran applications to help main-
tain N. fallacis.

Carzol, at only 2 oz. per acre, killed European red mites but had no effects on
the rust mite or the smooth yellow mite. N. fallacis was destroyed but was able to
return to the trees within 31 days. During this interval, the smooth yellow mite
was able to increase and suppress European red mites. After day 31, the smooth yellow
mite was able to compete successfully with N. fallacis for the small numbers of leaf-
feeding mites.

The data in Table 2 do not prove that Carzol (2 oz./acre) could eliminate a dam-
aging population of European red mites* Subsequently, on August 17, two trees not
included in the experiment were found to have European red mites which averaged 18
per leaf. They were sprayed with Carzol at the 2 oz./acre rate. Eleven days after
application, there was less than one European red mite per leaf, while smooth yellow
mites were spared. N. fallacis was destroyed.

Morestan showed promise, since predaceous mites and rust mites were not sup-
pressed. Morestan, however, is not legally registered for summer use and cannot be
recommended.

The low amounts of Kelthane and Fundal and the standard strength of Acaralate
did not favor predaceous mites. Their populations did not recover during the 47-
day experiment.

Tedion did not prevent recovery of the European red mite in three of eight trees.
Rust mites were not destroyed, and attracted N. fallacis back to the trees within 17
days. The smooth yellow mite was destroyed and did not recover during 47 days of
observation. The results with Tedion were inconclusive.

To summarize, Plictran, Omite, and Carzol, in the amounts under trial, were able
to suppress European red mite without upset to the biological control program.

Fruit Crops Research—1974. Research Summary 75, Ohio Agricultural
Research and Development Center, Wooster. August 1974.
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density plantings of these fruits to realize higher yields and earlier production
will require the use of size-controlling rootstocks.

It is essential to have trees of uniform size, especially in plantings of high
density. This requires that the rootstock be propagated vegetatively to eliminate
considerable variability of the rootstock and consequently the entire tree. The
dwarfing or size-controlling rootstocks being used for the apple have been and are
being propagated vegetatively by mound layering* Vegetative propagation of rootstocks
for the stone fruits, such as peach and plum, has received much less attention in the
past and lags considerably behing that of the apple and pear.

Research work is being conducted in Ohio to obtain and evaluate dwarfing root-
stocks for stone fruits and to produce these economically by vegetative means, such
as by stem cuttings or other methods.

When a supply of promising rootstocks are available, the most important cultivars
of the various stone fruits will be budded or grafted on them and the resulting trees
set in high-density fruit plantings for evaluation.

Some rootstocks now being (or to be) evaluated are Siberian C and Harrow Blood
peach, Primus besseyl (Western sand cherry), Prunus tomentosa (Nanking cherry),
Prunus fruiticosa, St. Julian plum, and others.

To date, a degree of success has been obtained by propagating stem cuttings of
Siberian C and Harrow Blood peach, during the summer, under a mist spray system in
the greenhouse. This technique is being refined and other methods are being tried
on this and all other rootstock materials which show promise.

It is apparent that the higher density orchards of stone fruits will continue
to increase and replace the present type of plantings. If the Ohio fruit industry
is to gain maximum benefits from such plantings, new philosophies and techniques of
production dealing with training, pruning, weed control, insect and disease control,
etc. must be modified and accepted by the grower. The maximum time for maintaining
and keeping a peach orchard in the future may be 10 to 12 yê rs rather than the pre-
sent 15, 20, or more years.

Fruit Crops Research—1974. Research Summary 75, Ohio Agricultural
Research and Development Center, Wooster. August 1974.
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EFFECTS OF ETHREL (2-CHLOROETHYLPHOSPHONIC ACID)
ON CONCORD GRAPES

G. A. Cahoon
Department of Horticulture

Ohio Agricultural Research and Development Center

Introduction

Ethrel is a chemical growth regulator which has produced many physiological
effects on fruit and vegetable crops. These effects are known to vary depending on
the concentration, temperature, relative humidity, stage of development, and crop
to which it is applied. Ethrel1s action involves the release of ethylene directly
to the plant tissues. The general response of fruit crops such as apples, peaches,
cherries, and citrus to Ethrel has been to accelerate the maturation date.

The purpose of the present experiment was to determine the influence of Ethrel
on fruit maturity, soluble solids, total acids, abscission, and other physiological
characteristics when applied near harvest.

Materials and Methods

Two rates (1-1/2 and 3 pt. of Ethrel) were applied in either 50 or 300 gallons
of water per acre. The treatments were: 1-1/2 pt./300 gal./acre = 150 p.p.m.; 3 pt./
300 gal./acre « 300 p.p.m.; 1-1/2 pt./50 gal./acre = 900 p.p.m.; and 3 pt./50 gal./
acre = 1800 p.p.m.

Four replications of four vines were treated, or a total of 16 vines per treat-
ment. The method of application was to spray the vines to runoff with a hand-type,
3-gallon sprayer. X-77 was used with the Ethrel as a surfactant to maximize surface
retention and absorption.

Application was made 1 week after variason (color break) or on August 25, 1973.
Additional applications of 5 pt*/acre in 50 and 300 gal. were made to a smaller number
of vines 4 days before harvest.

Results

The data presented here are a progress report on work carried on during the 1973
production season. The grapes were produced on mature Concord vines planted in 1960
at OARDC Horticultural Research Unit 2, Wooster.

As can be seen in Table 1, the vines were of excellent vigor. Statistically, the
uniformity or variability among the vines was such that no significant differences
existed among the treatments before treatment. Ethrel had neither an accelerating
nor retarding effect on growth and thus pruning weight differences did not exist
following treatments. Treatments which tended to have the greatest pruning weight
before treatment also had the greatest pruning weight following treatment. Interest-
ingly enough, the average pruning weights for the 2 years were nearly identical.

Approximately 3 to 5 days following treatment, some of the berries began to
abscise from the clusters. This was most noticeable at the highest per acre concen-
tration applied with the least water (3 pt./50 gal.). Concentrations of 3 pt./300
gal. and 1-1/2 pt./50 gal. were also observed to produce some abscission. It should
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TABLE 1.—Pruning Weight Before (1973) and After (1974) Application of Ethrel
to Mature Concord Grape Vines.

Pruning Weight (Lb») per Vine
Treatment

Control
1% pt./300 gal. (150 p. p.m.)
3 pt./300 gal. (300 p. p.m.)
1% pt./50 gal. (900 p. p.m.)
3 pt./50 gal. (1800 p. p.m.)

1973

3.38
3.22
3.25
3.74
3.80

1974

3.39
3.03
3.17
3.92
3.83

TABLE 2.—Effects of Ethrel on Yield and Cluster Number of Concord Grapes
(Applied August 25, 1973).

Treatment Weight (Lb.)/Vine Cluster No./Vine

Control
1% pt./300 gal. (150 p. p.m.)
3 pt./300 gal. (300 p. p.m.)
1% pt./50 gal. (900 p. p.m.)
3 pt./50 gal. (1800 p. p.m.)

28.2
27.3
23.2
23.5
13.5
~**~

LSD .05 6.6
LSD .01 10.9

127.3
130.3
118.0
116.8
83.0
**

LSD .05 26.8
LSD .01 44.4

TABLE 3.—Effects of Ethrel on Berry and Cluster Weight of Concord Grapes
(Applied August 1973).

Treatment Weight (Gm.)/100 Berries Weight (Lb.)/Cluster

Control
1% pt./300 gal. (150 p. p.m.)
3 pt./300 gal. (300 p. p.m.)
1% pt./50 gal. (900 p. p.m.)
3 pt./50 gal. (1800 p. p.m.)

280
277
274
275
275

.22

.21

.20

.20

.16

-30-



be noted that during the period of application the maximum temperature was 82° F. For
a period of 11 days following application, maximum temperatures ranged between 88° and
92° F. This was the longest and most severe period of high temperatures experienced
during the growing season. Leaf discoloration and abscission were also found to be
most severe on the 3 pt./50 gal. rate and least on the 1-1/2 pt./300 gal. rate.

As can be observed in Table 2, yield and cluster number were greatly reduced
when 3 pt./50 gal. were applied per acre as compared to the control (13.5 Ib./vine
vs. 28.5 Ib./vine and 83 vs. 127 clusters/vine). Application of 1-1/2 pt./300 gal./
acre, on the other hand, produced no significant reduction in yield even though there
was a slight indication that some berry abscission took place. Both the 3 pt./300
gal. and 1-1/2 pt./50 gal. rates reduced yield and cluster numbers somewhat inter-
mediate to the two other rates.

In Table 3, it can be seen that the weight per cluster was reduced as Ethrel con-
centration was increased. As observed in Table 2, this reduction was nrrost severe at
the 3 pt./50 gal. rate, and only very slight at the 1-1/2 pt./300 gal. rate. As men-
tioned previously, evidence that some abscission did take place in this latter treat-
ment was further confirmed by the visual observation that more berries were found on
the ground under vines on this treatment than on unsprayed vines. *

It can also be seen in Table 3 that no significant increase was obtained in
berry weight by Ethrel application. In fact, if any trend could be observed, it was
a reduction in berry weight with increasing concentrations of Ethrel.

In the introduction, it was stated that in conducting the experiment the primary
goal was to determine the effects of Ethrel on fruit maturity. As can be observed in
Table 4, neither the percent soluble solids nor percent total acids were affected by
the application of Ethrel at the four concentrations. Similiarly, it was not possible
to determine any difference in fruit or juice color among the treatments. There is a
possibility that the fruit which abscised from the vines (especially at the higher
concentrations) may have been more mature than fruit remaining on the vine. However,
this possibility was not investigated by gathering samples of recently dropped fruit
for analysis.

Five pt./acre applied in 50 and 300 gallons of water 4 days before harvest failed
to produce a noticeable effect on the vine. One major difference in the latter appli-
cation was much cooler temperatures.

TABLE 4.—Effects of Ethrel on Percent Soluble Solids and Titratable Acids of
Concord Grapes, Wooster (Applied August 259 1973).

Percent Percent
Treatment Soluble Solids Titratable Acids

Control
1% pt./300 gal
3 pt./300 gal.
1% pt./50 gal.
3 pt./50 gal.

. (150
(300
(900
(1800

P
P-
P-
P-

P
P
P

p.m
.m.
.m.
.m.
f

13.
13.
13.
14.
13.
N.S

LSD .05
LSD .01

6
7
4
0
8

'l.02
1.69

.64

.67
. .69

.67

.72
N.S.

LSD .05
LSD .01

.10

.17
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Conclusions

From tests conducted in 1969, it was known that Ethrel at certain concentrations
would induce abscission on Concord grapes (Gaboon, unpublished data). There was some
indication from other sources that Ethrel applied near variason would enhance fruit
color development and without inducing abscission, reverse soluble solids and/or
decrease total acids. For both of these factors, the results were negative (Table 4).
However, concentration range was established within which minimal abscission was
obtained. Future work will be in this area.

Besides gathering data on Ethrel concentration, another objective of the experi-
ment was to determine the effects of two dilution rates (1-1/2 pt./acre in 50 and
300 gal. of water, or 3 pt. in 50 and 300 gal.) Such information was needed because
of the popular tendency toward concentrated spraying.

There was a definite but adverse effect of dilution on yield and cluster number
(Table 2), although the relationship did not appear to be linear. For example, 1-1/2
pt./acre in 300 gal. produced only small effects while 1-1/2 pt./acre in 50 gal. had
a much larger effect. Three pt./acre in 300 gal. was essentially comparable in effect
to 1-1/2 pt./acre in 50 gal. Three pt./acre in 50 gal. resulted in severe yield and
cluster number reductions, and also leaf discoloration and drop. The solution concen-
tration between treatments varied 12 fold (150-1800 p.p.m.).

In conclusion, the effects of Ethrel applied 1 week following variason produced
no favorable effects on yield, cluster size, soluble solids, total acids, or vegetative
growth. Further evaluations will be made on the same vines to see if any carryover
effects exist.

The effects of high temperatures were also involved in this study. All informa-
tion available indicates that the effects of leaf and fruit abscission would have not
been as severe at lower temperatures. Thus, temperature remains one of the larger
variables in predicting the concentrations to use to produce the most desirable effects.
Future studies will be conducted to determine if Ethrel can be used beneficially as a
mechanical harvesting aid.

Fruit Crops Research--!974. Research Summary 75, Ohio Agricultural
Research and Development Center, Wooster. August 1974.
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