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BLACKBERRY CULTIVAR EVALUATION

Robert 6. Hill, Jr.
Department of Horticulture

Ohio Agricultural Research and Development Center

Blackberries at one time enjoyed great popularity in Ohio. They were grown
rather widely to supply local demands as a dessert fruit and for culinary use.
Blackberries were particularly prized for pie making. Many berries, generally those
harvested from the wild, also have been used by home and commercial winemakers.

Interest in blackberries as a commercial crop, however, has diminished over the
years for a number of reasons. A major problem has been sterility, now considered
to be a virus disease which sharply curtailed production in the best managed plant-
ing and for which there was no therapeutic solution. Other problems were the gener-
ally low yields per acre which could be expected even under the best conditions and
the difficulty of obtaining harvest and other labor to work in these plantings be-
cause of the extremely thorny canes. Further interest in harvesting wild berries
due to changes in the economic picture and reduced stands due to purposeful herbi-
cide usage have greatly limited the supply of wild blackberries. Although the sup-
ply of blackberries decreased rapidly, the demand is still strong.

The trends in blackberry production and the development of apparently superior
cultivars made it apparent that the potential for reviving a blackberry industry
should be determined. Therefore, in 1958 a replicated planting of four cultivars
was established at the Ohio Agricultural Research and Development Center for compar-
ison purposes.

The cultivars included in the original comparison, all erect and thorny types,
were: Bailey and Hedrick, both introduced by the New York Agricultural Experiment
Station in 1950; Darrow, named in 1958 by the New York station; and Ebony King, a
cultivar which had been widely grown in Ohio. Later, individual plots of Flint and
numbered selections (having thornless characteristics) from the USDA breeding pro-
gram at Beltsville, Md., were added. In 1966 a replicated planting of the Thornfree
and Smoothstem cultivars was set at the Southern Branch to evaluate their performance
there. Data were collected from these plantings as to hardiness, vigor, season of
ripening, productivity, berry size, and quality. Berries were also supplied from the
Wooster plots to determine the suitability of the different cultivars for freezing.

The original planting consisted of four replications, with five plants per plot.
The plants were set at 3-foot intervals within rows and rows were maintained at 10-
foot intervals. The plants were maintained in hills by pulling misplaced suckers.
The plants were summer topped at 32 inches and grown without supports. Laterals were
shortened during spring pruning to 16 to 18 inches. During the early years of the
comparison, the rows were hoed. During later years, herbicide practices were adopted.
All other recommended horticultural practices were followed.

All cultivars in the replicated plots made satisfactory growth, were hardy under
Wooster conditions, and were regularly productive. Although there were some varia-
tions in yields over the years, none of the newer sorts proved to be more productive
than Ebony King (Table 1). The average yield of Ebony King was 2,210 quarts per acre,
while average yields of Darrow, Hedrick, and Bailey were 2,069, 1,806, and 1,755
quarts-, respectively.

There was no difference in the size of berries produced by Ebony King and Darrow.
Both Bailey and Darrow produced larger berries. The largest average berry size was
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produced by Darrow. No important differences were noted in season of ripening* Al-
though some differences could be noted in quality characteristics by chemical tests,
10 distinguishing quality characteristics could be noted through organoleptic com-
parisons.

Results obtained from the individual plot of Flint indicated that it was slightly
later in season than any cultivars in the main test and slightly more productive. The
average yield per acre over six harvests was 2,972 quarts. These berries were quite
tart. The plants were markedly more vigorous than the other cultivars tested and were
mich more thorny*

The most interesting results were those relating to two new thornless cultivars:
Thornfree, first tested as USDA 1503, and Smoothstem, first tested as USDA 1493.
Both proved to have a nearly erect growth habit and to be truly thornless, both at
the Southern Branch and at Wooster. Of the two, Smoothstem had a superior growth
habit. Both varieties were more tender than the thorny types included in the tests
at Wooster. The entire tops of both varieties were killed back by a late spring
freeze which occurred after bud break in 1968 at the Southern Branch. In the Wooster
comparison, both cultivars were later in season than the thorny types. The first
berries ripened as the normal berry season closed.

At Wooster and the Southern Branch, Smoothstem proved to be more productive than
Thornfree. The average yields per acre over three harvest seasons were 6,168 quarts
for Smoothstem and 3,608 quarts for Thornfree.

Thornfree berries were slightly larger. Berries of both kinds were considered
to be more tart than the conventional berry and not as firm as desired. They offer
promise for a local market or a ffpick-your-ownff operation.

The results of these tests indicate that, even with the newer cultivars, prod-
uctivity and thorny canes will continue to limit blackberry production in Ohio. The
improved yields offered by the thornless cultivars tested indicate that there is a
potential of reviving blackberry production with this type of plant. Of the two
cultivars tested, Smoothstem appears to be the best. The introduction of better
cultivars presently in the advance testing stage can be anticipated.

In the future as the concept of mechanical harvesting of blackberries becomes
more real, consideration of adaptability of cultivars to Ohio will be considered.
The proper combination of harvester and cultivar could replace Ohio's nwild berry in-
dustryn and develop a profitable production for supplying processors and winemakers.

Expanded blackberry cultivar evaluation comparison are underway at the Southern
Branch. The objective is to determine the worth of the advanced thornless selections
and cultivars from other areas in an attempt to locate superior cultivars on which to
base a future blackberry industry.

Fruit Crops Research—1971. Research Summary 51, Ohio Agricultural
Research and Development Center, Wooster, Ohio. June 1971.
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BLACKBERRIES FOR FREEZING

J. F. Gallander and J. Stetson
Department of Horticulture

Ohio Agricultural Research and Development Center

Blackberries are well suited to preservation by freezing. However, the quality
of the product may vary after thawing. One of the principal factors affecting frozen
blackberry quality is the cultivar selection. The most desirable blackberry cultivar
characteristics for freezing include: tender skin, small seeds, solid black color,
plumpness, bright appearance, and distinctive flavor*

Because cultivar selection is important, a study was initiated at the Research
Center to ascertain the suitability of several blackberry cultivars for freezing as
related to the quality (color, flavor, and texture) of the finished product. The
results are used as the basis for recommending to growers, processors, and consumers
those cultivars which are best for freezing.

Procedure

During each season, 1969 and 1970, fruit was obtained from six cultivars grown
in the horticultural plots at the Center. The berries of each cultivar were washed,
drained, sorted, packaged, and covered with 40 percent sucrose syrup. The filled
containers were then placed in -15° F. storage and held at this temperature for 6
nonths. After this storage period, the frozen berries were thawed, coded, and sub-
jected to a 10-member taste panel for sensory evaluation. Each panelist was asked
to score the product for color, flavor, and texture on a hedonic scale of 1 through
9 (5 and above being acceptable).

TABLE 1.--Taste Panel Evaluation and Chemical Composition of Several Frozen
Blackberry Cultivars, Mean Values for Two Crop Years (1969 and 1970).

Cultivar

Quality Factors

Color Flavor Texture

Chemical Composition

Total Soluble Ascorbic
pH Acidity Solids Acid

% % mg./lOOgms

Bailey

Darrow

Ebony King

Flint

Hedrick

Thornless

6.9

7.4

6.7

6.2

7.2

7.1

a. 7

6.7

6.2

5.8

6.5

6.4

6.4

6.7

6.9

6.2

6.4

6.6

3.62

3.51

3.77

3.41

3.81

3.26

0.43

0.52

0.40

0.68

0.36

0.81

23.9

23.7

20.9

24.1

23.4

21.5

10.8

10.2

12.0

13.6

10.4

14.7
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In addition to the taste panel evaluation, chemical analyses were performed on
the thawed berries of each cultivar. The following were determined: total acids
(as malic), pH, soluble solids, and ascorbic acid (Vitamin C).

Discussion of Results

The color scores of the six frozen blackberry cultivars varied from 6,2 to 7.4,
represented by Flint and Darrow, respectively (Table 1). Darrow was also rated best
in flavor along with the cultivar Bailey, each having a score of 6.7. Flint rated
lowest in flavor, with a score of 5.8, and lacked some of the distinctive blackberry
flavor of the other cultivars. Although the texture scores of most cultivars were
rather close, Flint was again ranked lowest by the taste j>anel. This cultivar was
scored low because it was soft and "mushy."

The cultivar Thornless was found to be lowest in pH, 3.26, and highest in total
acidity, 0.81 percent (Table 1). In contrast, Hedrick was highest in pH, 3.81, and
its total acidity, 0.36 percent, was lowest of the cultivars tested.

The soluble solids varied from 20.9 to 24.1 and represented the cultivars
Ebony King and Flint, respectively. As for the ascorbic acid (Vitamin C) content,
the cultivar Thornless was highest with 14.7 mg. per 100 grams of fruit. The
average content for all cultivars was 11.9 mg. per 100 grains.

Summary

It appears in general that the cultivars evaluated in this study were all accept-
able for freezing. However, certain cultivars tended to have better quality. The
recommended cultivars for freezing are: Darrow, Hedrick, Thornless, Bailey, and
Ebony King.

Fruit Crops Research--1971. Research Summary 51, Ohio Agricultural
Research and Development Center, Wooster, Ohio. June 1971.
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INFLUENCE OF CULTIVAR AND HARVEST DATE
ON THE QUALITY OF FROZEN STRAWBERRIES

J. F. Gallander and J. Stetson
Department of Horticulture

Ohio Agricultural Research and Development Center

Strawberries are one of the most popular fruits preserved by freezing. In ad-
dition to their commercial importance, frozen strawberries are a favorite of home-
makers because of ease of production and preservation.

One of the most important factors in producing a high quality frozen strawberry
is the selection of a suitable cultivar. Frequently, a strawberry is found to pos-
sess several desirable fresh qualities, such as large yields, disease resistance,
and convenient maturity dates, but cannot be recommended because of its poor freez-
ing quality, A good strawberry cultivar for freezing should possess bright and uni-
form color, light color seeds, no center cavity, delicate and distinctive flavor,
and firm texture. In addition, the cultivar should be rich in Vitamin C. Straw-
berries are a good source of Vitamin C, with an average serving usually providing
the adult minimum daily requirement (30 mg.) of this vitamin.

Since new cultivars are constantly being developed and the need for improved
cultivars is increasing, the Research Center conducted a study during the 1969 sea-
son to ascertain the suitability of promising new cultivars and selections for freez-
ing. This study also included an investigation to determine the effect of harvest
date of several cultivars on the quality of frozen strawberries. The information
from these studies should serve as a guide to commercial processors and homemakers
as to those cultivars which will produce a high quality frozen product.

Procedure

Seventeen strawberry cultivars and selections were evaluated during the 1969
season. These strawberries were grown in the Research Center's horticultural plots
in Wooster. A representative fruit sample of each strawberry was collected on two
different harvest dates. The first harvest was approximately 2 days in advance of
the second and the berries were fully colored at harvest.

After the strawberries were washed, drained, and sorted, the caps were removed
and each berry was sliced in half. Then, 4 Ib. (about 8 cups) of sliced berries
were mixed with 1 Ib. (about 2 1/3 cups) of sugar. The sugared berries were packed
and sealed in moisture-vapor-proof containers and placed in -15° F. freezer storage.

After 6 months1 storage, the frozen strawberries were thawed, coded, and sub-
jected to a 10-member taste panel for organoleptic evaluation. Each panelist was
asked to score the strawberries on a preference scale of 1 through 9 (9 being the
most acceptable). The evaluation was repeated twice for each strawberry cultivar
and selection*

In addition to the taste panel evaluation, chemical analyses of the thawed ber-
ries were made. The following were determined: pH, total acids (as citric), soluble
solids, and Vitamin C (ascorbic acid).
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TABLE 1.-.
at Two Harvest

Chemical Composition of
Dates, 1969 Season.

Frozen Strawberry Cultivars and Selections

Cultivar
or

Selection

Armore

Badgerbelle

Cyclone

Daybreak

Earlidawn

Midway

Premier

Redcoat

Redglow

Robinson

Sure crop

Vesper

Md.-US 2915

Md.-US 3079
(Guardian)

Md.-US 3184

Md.-US 3498

U.S. 4426

Harvest

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

PH

3.42
3.28

3.60
3.70

3.55
3.50

3.40
3.10

3.45
3.60

3.38
3.30

3.40
3.10

3.60
3.55

3.30
3.30

3.60
3.28

3.18
3.35

3.40
3.50

3.48
3.42

3.70
3.45

3.20
3.30

3.68
3.50

3.32
3.20

Total
Acidity

%

0.66
0.72

U.67
0.69

0.72
0.69

0.93
0.90

1.07
0.85

0.76
0.86

0.99
1.04

0.84
0.84

0.92
0.90

0.67
0.67

1.12
1.00

0.87
0.71

0.95
0.95

0.66
0.73

1.03
1.02

0.69
0.75

0.92
0.80

Soluble
Solids
%

19.2
17.9

17.4
17.4

17.5
16.4

17.4
17.4

18.2
16.9

18.9
15.8

19.2
16.0

20.2
16.3

17.2
17.4

15.5
18.8

17.1
14.7

14.6
19.2

16.9
16.8

15.0
16.5

16.8
15.0

15.8
15.6

18.1
19.1

Vitamin C
mg. per
100 gms.

20
19

49
42

38
29

42
38

39
34

32
38

47
41

45
37

40
36

45
37

45
40

42
34

46
44

38
27

42
38

39
37

39
25
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TABLE 2.—Evaluation of Several Strawberry Cultivars and Selections for
Freezing at Two Harvest Dates» Based on Quality of Thawed Product, 1969 Season,

Cultivar
or

Selection

Armore

Badgerbelle

Cyclone

Daybreak

Ear li dawn

Midway

Premier

Redcoat

Redglow

Robinson

Sure crop

Vesper

Md.-US 2915

Md.-US 3079
(Guardian)

Md.-US 3184

Md.-US 3498

U.S. 4426

LSD-5%2

Harvest

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

1
2

.

Color

7.5
7.0

6.9
7.3

7.1
7.5

7.4
7.7

7.4
7.7

7.8
8.0

6.2
7.2

7.7
7.2

8,1
7.8

7.8
7.3

7.9
8.1

7.0
7.5

8.0
8.1

6.7
7.6

8.4
8.6

8.2
8.3

7.2
6.6

0.6

Flavor

7.8
6.9

6.9
7.3

7.3
7.2

6.7
7.5

6.8
7.2

7.8
7.6

6.5
6.8

6.9
7.4

7.4
7.1

7.5
7.1

7.0
7.1

6.6
7.4

7.1
6.9

6.7
7.6

7,7
7.7

7.8
7.7

7.7
7.0

0.7

Texture

7.5
6.9

6.5
7.2

6.3
7.2

6.8
7.8

7.4
7.6

7.8
7.6

5.5
6.5

6,7
7,0

7.8
7.2

6.8
6.6

6.9 '
7.2

6.7
7.0

6.9
7.3

6.8
7.2

7.7
7.8

7.5
7.8

7.8
7.2

0.6

1
Overall
Quality

22.8
20.8

20.3
21.8

20.7
21.9

20.9
23.0

21.6
22.5

23.4
23.2

18.2
20.5

21.3
21.6

23.3
22.1

22.1
21.0

21.8
22.4

20.3
21.9

22.0
22.3

20.2
22.4

23.8
24.1

23.5
23.8

22.7
20.8

1.6

Sum of color/ flavor and texture scores.
Approximate LSD.
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Discussion of Results

The chemical composition of the various cultivars and selections was affected
by the harvest dates (Table 1). However, no definite relationship was observed be-
tween the two harvests and chemical analyses, except the Vitamin C content. The
results indicated that the Vitamin C content of the strawberries was lowest for the
second harvest. This relationship was found for all strawberries except the culti-
var Midway. The average Vitamin C content for the first and second harvests was 40
and 35 mg. per 100 grams, respectively.

Including both harvest dates, Earlidawn, Premier, Surecrop, Md.-US 2915, and
Md.-US 3184 were found to be highest in total acidity. In contrast, Armore, Badger-
belle, Cyclone, and Robinson were lowest in total acidity. Generally, strawberries
with high percent total acidity tend to be tart. However, this usually depends on
the sweetness (soluble solids or sugar content) of the product.

The results of the ascorbic acid determinations showed that frozen strawberries
are a good source of Vitamin C. The average content for all cultivars and selections
was approximately 38 mg. per 100 grams. The Vitamin C content varied from 19 to 49
mg. per 100 grams, represented by Armore and Badgerbelle, respectively.

Generally, the taste panel data revealed that the harvest date had little influ-
ence on the quality of the frozen strawberries (Table 2), However, a trend was ob-
served which indicated that the frozen fruit quality of the second picking was better
than the first harvest. This relationship was found for the majority of the culti-
vars and selections frozen in this study.

The majority of the strawberries possessed good color and were acceptable by the
taste panel. The cultivars and selections which were rated best in color are as
follows: Md.-US 3184, Md.-US 3498, Md.-US 2915, Surecrop, Redglow, and Midway. In
contrast, Premier, Badgerbelle, and U.S. 4426 were considered poor in color by the
taste panel.

The flavor evaluation data indicate that Md.-US 3498, Md.-US 3184, and Midway
were preferred by the taste panel. These strawberries were scored significantly
higher than Premier, Vesper, Earlidawn, and Md.-US 2915. However, the flavor of most
of the strawberries was highly acceptable by the panel members.

The texture ratings varied greatly among the strawberries evaluated in this
study. Earlidawn, Midway, Md.-US 3184, Md.-US 3498, and U.S. 4426 were rated high-
est by the panelists. Premier, Redcoat, Cyclone, Badgerbelle, Robinson, and Vesper
were scored low because they were extremely soft or "mushy."

Summary

The majority of strawberry cultivars and selections evaluated in this study
were acceptable for freezing. However, under the conditions of this investigation,
a few strawberries tended to have better quality. They were: Md.-US 3498, Md.-US
3184, Midway, Surecrop, and Redglow.

Fruit Crops Research—1971. Research Summary 51, Ohio Agricultural
Research and Development Center, Wooster, Ohio. June 1971.
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Plants infected with red stele grow poorly and wilt in dry weather. Older
leaves may turn yellow or red and younger leaves may have a bluish-green cast.
Roots are rotted from the tip back and small roots are rotted off, giving rise to
"rat-tail" roots (Figs. 2 and 3). When roots are split lengthwise, the stele or
core appears reddened (Fig. 3). Red stele does not cause discoloration in the
crown. Root symptoms are seen best during the spring; positive diagnosis is dif-
ficult after harvest.

Prevention is the best control measure for this disease. Planting stock should
be inspected for rat-tail roots and suspicious plants destroyed. Wet or poorly
drained areas should not be planted to strawberries.

Treatment or crop rotation will not rid the soil of the red stele fungus. The
only practical method of growing strawberries in infested fields is to use resistant
varieties such as Midway, Redchief, Sparkle, Surecrop, or Stelemaster,

VerticiIlium Wilt

Verticillium wilt is caused by Verticillium alboatrum, a fungus which lives
from year to year in the soil. Besides strawberries, many other common crops and
weeds also are hosts of this fungus. Because of its wide host range, Verticilliuzn
is present in most strawberry producing areas. Verticillium wilt is more likely to
be a problem when strawberries follow such susceptible crops as tomato, potato, or
pepper* This disease may also be a problem if such susceptible solanaceous weeds
as nightshade are numerous.

Symptoms commonly appear in the first growing year at about the time runners
begin to form. Outer leaves wilt and dry at the margins and between the veins and
eventually turn dark brown. Few new leaves develop and new roots arising from the
crown are very short with blackened tips. Plants appear dry and flattened and may
collapse abruptly (Fig. 4). The disease will often develop in mother plants but
not in rooted daughter plants.

Leaf petioles of infected plants often show dark streaks or blotches along the
upper surface. Main veins of the petiole may show a slight vascular discoloration.
There is usually no vascular discoloration in the crown nor any rotting of roots
attributable to Verticillium wilt reported from western states. However, slight
discoloration in the crown and vascular discoloration in roots is described from
eastern states.

Varieties vary in their susceptibility to Verticillium, with none being abso-
lutely resistant. Earlidawn, Jerseybelle, and Vesper are among the most susceptible;
Catskill, Blakemore, Robinson, Surecrop, Sunrise, and Vermillion have some resistance

At least 2 years should be allowed between strawberries and potatoes, tomatoes,
or peppers. In areas where Verticillium wilt is a major problem, a variety which
has some resistance should be considered. Soil fumigation has given good results,
but the use of this control method should be considered carefully in view of cost.

Nematode Infection

Nematodes are worms too small to be seen easily with the unaided eye. Root-
lesion nematodes are the most likely to cause damage to strawberries in Ohio. These
nematodes infest most cropland in the United States.
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If infection is severe, young roots may become wiry and brown. Plants may be
stunted, less vigorous, less productive, and more easily damaged by drought than
healthy plants. Brown lesions usually are visible on young infected roots. If
nematodes are believed to be a problem, the grower should contact an Extension
specialist in plant pathology to arrange for field inspection and soil sampling.

If plantings are infected, root damage from cultivation should be kept to a
minimum, weeds should be eliminated, high soil fertility should be maintained, and
plantings should be irrigated during dry periods.

If strawberries must be planted in heavily infested fields, soil/fumigation
should be considered.

Black Root-rot

Black root-rot is a general name for several root disorders which produce sim-
ilar symptoms. This disorder is so ill-defined that it is often termed the black
root-rot complex. While the exact cause of black root-rot is not known, one or
more of many factors such as soil fungi, nematodes, winter injury, fertilizer burn,
and excess salt, water, or alkali may be involved in any given case. Considerable
black root-rot has been observed in recent years in Ohio. Winter injury and excess
soil moisture appeared to be contributing factors in the cases examined.

Injured plants may be randomly scattered throughout the planting or located in
defined areas within a field. Infected plants are less vigorous and produce fewer
runner plants.

One or more of the following symptoms may be present in the root system of in-
fected plants:

1. Root system much smaller than in normal plants.

2. Main roots spotted with dark patches or zones*

3. Feeder roots lacking or spotted with dark patches or zones.

4. All or part of main root killed and the entire cross-section of the root
dark.

5. Crowns discolored in patches or zones.

Because several disorders are involved in the black root-rot complex, no gen-
eral control measure is effective in the control of this disease. In general, only
healthy white-rooted plants should be used to establish beds. Avoidance of poorly
drained areas and fumigation for control of nematodes and fungi may also help.

Fruit Crops Research—1971. Research Summary 51, Ohio Agricultural
Research and Development Center, Wooster, Ohio. June 1971*
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FRESH MARKET STRAWBERRY SUPPLIES, 1970

M. E. Cravens, Jr.
Department of Agricultural Economics and Rural Sociology

Ohio Agricultural Research and Development Center

During 1970, approximately 11,386 carloads of strawberries were reported un-
loaded at the major markets having market news reports. These 41 cities account
for a major portion of the carlot and trucklot unloads in the U.S. However, in-
complete data are available on local supplies marketed by growers near these or
other cities and for strawberries shipped to markets which do not have a market news
reporter. In Ohio, only Cleveland and Cincinnati are included in the 41-city report.

!
Of the total reported unloads at 41 major wholesale markets, Ohio growers ac-

counted for one carload in 1970. California was by far the largest shipper, with
63.7 percent, with Mexico furnishing 16.6 percent. The Mexican share of the total
supply has increased each year for the past several years.

Because of their extreme perishability, more and more strawberry shipments are
by air. In 1970, 22.7 percent of the California shipments to the 41 cities were by
air. A few air shipments (carloads) were made from Mexico. In general, more air
shipments were to cities in the northern and eastern portion of the U.S. than to
western and southern cities. The highest percentage by air was to Boston, where
77.2 percent of all California strawberries were by air. Nineteen of the 41 cities
had no shipments from California by air in 1970.

The major direct competition to Ohio growers in 1970 came from Michigan, Cali-
fornia, Indiana, and Kentucky for the Cincinnati market. For Cleveland, Michigan
and California were the only shippers during the period when local berries were in
season. During 1970, no Ohio strawberries were reported on the Cleveland market and
only one carload on the Cincinnati market.

Out-of-state competition is least for Ohio growers who sell by Mpick-your-ownTf

methods. These growers are much more successful at setting and maintaining their
price than are growers who sell on wholesale markets. Part of this added market
power is due to the fact that distance of the out-of-state producer precludes his
direct customer contact and part is due to the fact that the pick-your-own grower
is selling family entertainment, springtime fresh air, freshness, and a chance to
buy wholesale, in addition to strawberries. Ohio growers have their greatest advan-
tage in pick-your-own and other methods of retail sales. There is an untapped poten-
tial demand for local berries near many large Ohio cities and areas of concentrated
population.

Fruit Crops Research-~1971. Research Summary 51, Ohio Agricultural
Research and Development Center, Wooster, Ohio. June 1971.
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PLUM KUUSTUUKS RECEIVE MORE ATTENTION

Fred 0. Hartman
Department of Horticulture

Ohio Agricultural Research and Development Center

During the past 100 years or more, much time and effort has been spent in im-
proving tree fruit production by developing and propagating new fruit cultivars.
Fruit breeders have developed many improved cultivars of apple, peach, plum, and
other fruits. For example, apple cultivars with numerous undesirable characteris-
tics such as Baldwin which originated in 1740 and Grimes Golden in 1804 are gradu-
ally being replaced by relatively new cultivars like Cortland, Idared, and Melrose.
During this time, rootstocks of the various fruits, although not neglected, have
received far less attention. However, in recent years the importance of rootstocks
in fruit production appears to be somewhat more appreciated and more attention is
being devoted to their improvement.

For example, research has been conducted at the Ohio Agricultural Research and
Development Center to obtain improved plum rootstocks. This was initiated due to a
serious problem called quick decline which was affecting plum trees in Ohio and neigh
boring states. Since this problem appeared to be related to an incompatibility be-
tween the scion cultivar and its root, several promising rootstocks were obtained and
tested to determine their performance. When a good performing rootstock is obtained,
the next step is to obtain a supply of it to be used for commercial production of
trees.

To increase the supply of a given rootstock and have it true to type, it must
be propagated vegetatively (not from seed) as is done with any cultivar which is
grown for its fruit. There is too much variability when grown from seed.

Plum rootstocks under test at the Research Center are being propagated vegeta-
tively by stem cuttings. Such cuttings have been taken during both the dormant and
growing seasons. The percentage of cuttings rooting has been quite variable. This
has depended on the time the cuttings were taken, how they were handled during prop-
agation, and the particular strain being rooted.

All strains being tested are of the species Myrobalan (Prunus cesasifera) .
Seed of Myrobalan has been used as a source of rootstocks for the plum for a long
time. However, it is obvious that there is great variability within this species.
For example, one of the strains being tested is much more vigorous in growth than
the others. They also differ relative to growth habit, leaf characteristics, and
time of bloom. Moreover, they differ considerably in the percentage rooting of
cuttings. One strain has regularly given more than 90 percent rooting, another
about 60 percent, and a third only about 10 percent. This great degree of vari-
ability within this species makes it apparent that to perpetuate a given strain,
it must be done vegetatively rather than from seed.

Time of taking the cuttings plays an important part in the percentage rooting.
Although some success in rooting of cuttings has been obtained when they were taken
in January, February, June, July, August, and October, the results vary greatly. The
timing of taking the cuttings is important, as well as the maturity of the wood and
how the cutting is handled. The type of rooting media used and its temperature in-
fluence the results.
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Humidity of the atmosphere also is very important. Best results have been ob-
tained when cuttings were placed under intermittent mist propagation.

To date, regardless of the conditions under which the cuttings were taken and
placed, the percentage of rooting between the plum strains being tested varied con-
siderably. Work is continuing to attempt to obtain a high percentage of rooting
from all strains of Myrobalan.

Fruit Crops Research--1971. Research Summary 51, Ohio Agricultural
Research and Development Center, Wooster, Ohio. June 1971.
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STEPS IN INSECT CONTROL

Richard L. Miller
Extension Entomologist

The Ohio State University

Successful control of destructive insect and mite pests requires doing the
right thing at the right time with the right tools. The knowledge and the tools
are available to manage any known insect or mite pest which exists today* Failure
to control a pest is the result of misuse of this knowledge. To successfully man-
age pest problems, basic steps in insect control must be followed.

Step 1,—Identification

Most people do not know one bug from another and consider them all to be harm-
ful. If a plant leaf has a hole eaten in it and there is an insect nearby, some
people automatically conclude that the insect caused the hole. Such guilt by assoc-
iation is often incorrect. It must be remembered that all insects are not harmful,
and not all insects have chewing mouthparts. Unless pests are known, a person can't
be sure that the one seen is destructive.

More than one beneficial insect has been sprayed because it was thought to be
destructive, while the destructive one continued to live and cause damage. Many in-
sects have three or four stages in their development, but only one or two of these
stages may actually be feeding stages and cause damage to trees or shrubs. Moths
and butterflies, for example, are only destructive in the larval or worm stage. The
egg, pupa, and adult stages are totally harmless as far as feeding on foliage is con-
cerned. Some beetles, like the Japanese beetle, are destructive in the larval as
well as the adult stages. So unless a person knows insects, he may attempt to con-
trol the wrong stage and get discouraged because he is not able to stop the injury.

Once the identity of a pest is known, important facts about it can be ascer-
tained. For example, it can be determined if it is beneficial or harmful, if it has
chewing or sucking mouthparts, the stages in its development, which of these stages
are destructive, the number of generations it has each year, its favorite food, some
of its interesting and important habits, where it lives, and where in its develop-
ment is it most vulnerable and defenseless to management and/or control by man.

It is understandable that most people do not know the identification of too
many insects and need help in this area. The Ohio Cooperative Extension Service, a
part of The Ohio State University, has an office in each of Ohio's 88 counties.
Personnel are available in these offices to help with pest problems. Help may also
be obtained from an Extension entomology specialist at The Ohio State University,
1735 Neil Avenue, Columbus, Ohio 43210. These services are free. If an insect
specimen is sent to the Columbus office or to a county Extension office, it should
be sent in a crush-proof box or in a vial with ordinary alcohol in it.

Once the identity of the insect or mite is known and, assuming it is destruct-
ive, the next step is to control it.

Step 2.—Prescription

Usually the prescription is a chemical insecticide or miticide. A typical pres-
cription might read as follows: "Use malathion 57% liquid concentrate at 2 teaspoon-
fuls per gallon of water and apply the spray to the plant foliage and repeat the pro-
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cedure in 10 days." This is somewhat detailed and some people may wonder how the
prescription or recommendation was derived. It certainly wasn!t just pulled out of
a hat. Insecticide recommendations are derived from scientific tests and trials
conducted repeatedly by research entomologists. Sometimes it may require two to
four seasons of work before entomologists are confident that they have enough in-
formation to formulate a prescription or recommendation. Once it is made, it is
accurate and will work if the directions are followed exactly.

The best sources of pesticide recommendations are the many bulletins, circu-
lars, leaflets, and other material prepared by the Cooperative Extension Service of
The Ohio State University. These publications are free and are revised each year
to bring them up to date.

With the proper insect identification and correct control prescription, the
final step is applying the material.

Step 5.--Application

This is probably the most important step of all and where the greatest number
of mistakes are made. The best and most expensive pesticide in the world will give
poor results if it is not applied properly. For an insecticide to perform best, it
must be applied when the pests are present and vulnerable and at the proper rate in
sufficient gallonage or weight to permit a good, thorough coverage of the subject
to be protected, whether plant or soil. Because many destructive pests have multi-
generations, repeated applications may be necessary throughout the season to prevent
economic damage.

If these steps in insect control are followed, destructive insect and mite
pests can be controlled successfully.

Fruit Crops Research—1971. Research Summary 51, Ohio Agricultural
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GRAPE PHYLLOXERA IN OHIO

Franklin R. Hall
Department of Entomology

Ohio Agricultural Research and Development Center
and George W. Still

Entomology Research Division, ARS, USDA

This insect, Phylloxera vitifoliae (Fitch) forms galls on both grape foliage
and grape roots* It is native to eastern North America and can be found on wild
grapes as well as cultivated vines. The galls on the leaves can readily be seen,
while one must examine the roots to observe the root galls. Some species of grapes
are resistant to the galls on the roots, others have resistance to galls on the
leaves, and some are resistant to both forms.

The same species of phylloxera (or root louse as it is sometimes called) infests
both the roots and the foliage but does not necessarily interchange between the two.
The insects are inside the galls which occur on the foliage while they are on the
outside of the galls or swellings on the roots.

Grape cultivars with a large proportion of vitis vinifera germplasm (including
the European and California grapes), are susceptible to the root infestations. Dur-
ing the 1800's, many vineyards in these locations were severely damaged by phylloxera
on the roots.

At present, the most common method for control of the root form is to graft the
desired cultivar onto rootstocks which are resistant to the phylloxera. Grafting
vines onto resistant rootstock does not prevent the foliage on susceptible cultivars
from becoming infested*

Severe infestations of galls on the grape foliage may cause defoliation and re-
tard shoot growth. Severe root infestations produce a general decline in vine growth.

Grape cultivars with thick, pubescent leaves are less subject to phylloxera
galls on the foliage than thin, smooth-leaf types. Grapes with considerable germ-
plasm of vitis labrusca are generally less subject to foliage galls than are vines
with high proportions of germplasm from such species as vitis riparia.

Grapes susceptible to foliage galls of phylloxera should be planted in blocks
so that special control practices may be applied which may not be needed on other
vines. Examples of grapes, including the French hybrids, which are subject to fo-
liar galls are: Clinton, Delaware, Baco #1, Foch, Himrod, Blue Eye, Seyve Villard
5276, Siebel 10878, Seyve Villard 5247, and Seyve Villard 18315.

The foliar form of grape phylloxera may be kept under control by application of
insecticides recommended by the Ohio Cooperative Extension Service. At present,
carbaryl (Sevin) is preferred for most vineyards* The control program involves at
least two consecutive applications of the insecticide about 7 days apart but not
longer than 10 days* Carbaryl should be used at not less than 3 Ib* of actual in-
secticide per acre in both sprays. The first spray should be applied when early
galls are observed on the foliage* In some instances, one of these sprays could co-
incide with the regular spray program. A fungicide could also be combined with one
or both of these sprays.

Fruit Crops Research--1971. Research Summary 51, Ohio Agricultural
Research and Development Center, Wooster, Ohio. June 1971.

-23-







This page intentionally blank.



NUTRITIONAL RELATIONSHIPS IN YOUNG
REDHAVEN PEACH TREES: PROGRESS REPORT II

6* A. Cahoon
Department of Horticulture

Ohio Agricultural Research and Development Center

In Research Summary 36 (July 1969) , a progress report was presented which
briefly reviewed previous and current peach nutrition investigations at the Research
Center. This report specifically dealt with nutritional content, growth, and devel-
opment of a young Redhaven peach experiment during 1967 and 1968. In 1969 and 1970,
the first two crops of peaches were harvested from trees in this experiment. This
is an updated report on the progress of this work.

As mentioned in the previous report, the principal purpose of the experiment
was to relate the amount of fertilizer (nutrients) absorbed by a tree to yield,
quality, and other growth characteristics. The application rates, applied to the
soil, are thus incidental to getting a desired level of a nutrient into the tree,
as determined by foliar analysis.

Under soil types or conditions different from those of this experiment, a
comparable amount of fertilizer applied to the soil may or may not be absorbed by
the tree in the same quantities. Therefore, there is still a need to obtain infor-
mation on a more direct relationship between the nutrient content of a tree and its
response. Foliar analysis is believed to be the best diagnostic technique whereby
this relationship can be established.

Treatments

A series of 128 uniform Redhaven peach trees were planted on a deep Wooster
silt loam at Research Unit 1 in the fall of 1966. The experiment was designed so
that the effects of individual applications of N, P, and K as well as all possible
combinations could be studied. Treatments consisted of single tree plots. Four
levels of these three nutrients were used to create as wide a range of nutrient
concentrations within the trees and their leaves as possible. The trees have been
maintained in sod except for an area around the trees approximately 3 feet square.
This area was kept free from grass or weed growth by approved herbicides.

The first applications of fertilizer were made in April 1967 and consisted of
1/16, 1/8, 1/4, and 3/8 Ib. of ammonium nitrate; 0, 1/2, 1, and 1 1/2 Ib. of 20%
superphosphate; and 0, 1/8, 1/4, and 3/8 Ib. of potassium sulfate per tree (Table 1).
These rates have been increased by this same increment each year of the experiment
thus far (1967 to 1970).

Results

Field: In 1969, the first production year, the orchard produced an average of
40.5 Ib* of fruit per tree. As shown by Table 2, no yield differences were obtained
in response to nitrogen (N), phosphorus (P), or potassium (K) applications. Nitro-
gen in the leaves increased with increasing amounts of N applied but P and K did not.
It was observed that of the macronutrients, calcium (Ca) and magnesium (Mg) concen-
trations in the leaves decreased with increasing rates of K application, even though
an increase in K content was not found. Only Mg was reduced with the addition of
phosphorus.
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In 1970, the average yield of fruit was 60.1 Ib. per tree. Yield differences
were very significantly increased with increasing rates of N application, as shown
in Table 2. High N treatments produced essentially twice as much fruit as low N
treatment.

The addition of either P or K failed to result in yield increases. Potassium
content was found to increase significantly in the leaves with increasing rates of
application; phosphorus did not.

Maturity; In 1969 and 1970, fruit was harvested when firm ripe. Thus, fruit
from all treatments was harvested at a similar stage of maturity.

In 1969, the fruit was picked on three harvest dates. Results (Table 3) showed
that there were only minor differences between treatments at any of the three dates.

In 1970, fruit was picked on five harvest dates. Table 4 shows the percentage
of fruit harvested on the various dates. Increasing the rate of nitrogen applica-
tion and/or the amount of N in the plant was found to delay the average date of har-
vest or rate of maturity. When calculated on the basis of actual Ib. of fruit har-
vested (Table 5) , there was a greater quantity of fruit picked from the low N treat-
ment only during the first harvest period; by the second period, no differences were
found. During the third, fourth, and fifth harvest dates, more fruit was harvested
from the high nitrogen treatments because they had more total fruit to harvest. Thus
the delay in maturity in such data as this becomes much less important if an increase
in nitrogen can increase the quantity of fruit produced.

Increasing the potassium application rate as mentioned previously did not in-
crease yield, but it increased the percentage of fruit harvested during the first

TABLE 3.---Pounds of Fruit per Tree Harvested from N, P, and K Treatments at
Each of Three Picking Dates, 1969,

Harvest Dates
Treatment 8/8 8/11 8/14 Total

Nitrogen
Nl
N2
N3
NA

Ibs.
1.4
3.1
2.3

.9

Ibs.
18.2
21.0
18.0
17.7

Ibs.
20.4
15,3
25.1
18.3

Ibs.
40.0
39.4
45.4
36.9

Phosphorus
Px 3.1 19.8 15.3 38.2
P2 1.4 21.1 13.9 36.4
P3 1.7 17.5 17.2 36.4
P4 1.3 17.1 13.9 32.3

Potassium
Kx 1.4 20.7 17.4 39.5
K2 2.2 19.2 12.1 33.5
K3 1.5 18.2 10.4 30.1
K4 2.3 17.4 18.1 37.8
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TABLE 8.—Effects of Increasing N Applications on Soluble Solids Content of
Fruit, 1969 and 1970.

Treatment PERCENT SOLUBLE SOLIDS
Level

Nitrogen 1969 1970

N 8.7 % 9.5 %
N2 9.0 % 9.9 %
N3 9.5 % 10.5 %
N 9.5 % 10.8 %

N.S. **

** Significant at the .01 level of probability.

In 1970, treatments remained essentially the same as for the previous year;
i.e., growth was greatest for high N treatments and least in low N treatments. 'NO
effect was observed for P treatments but increasing potassium was found to decrease
trunk circumference.

Soluble Solids Content: In 1969, no differences were observed between the sol-
uble solids content and any treatment. In 1970, the fruit taken from the high N
treatments showed higher solids content than that from the low N treatments (Table 8),
This trend was also evident but not significant in 1969. Phosphorus and potassium
did not affect soluble solids content either year.

This data would appear to be in contradiction to the maturity data presented.
Apparently the more immature fruit had less juice and this juice was higher in solids,
If samples for maturity had been taken at each harvest date, the soluble solids con-
tent would probably be reduced as more fruit in the higher N treatments became ma-
ture. Further investigation will be conducted on this important relationship.

Total Acid; In both 1969 and 1970, none of the N, P, or K treatments produced
any differences in total acid content.

Leaf Sample Date as Related to Yield: During 1970, mature mid-shoot leaves
were taken on five separate dates from each of the treatments, June 15, July 1,
July 15, August 10, and August 26. This was done to correlate foliar levels of nu-
trients with such factors as yield, maturity, and trunk circumference throughout the
growing season* As stated in the introduction, this relationship between nutrient
content and growth-yield is of greatest importance. If leaves are to be taken for
foliar analysis by growers to estimate growth, yield, and quality effects, the opti-
mum sampling time should be determined as accurately as possible.

An indication of the type of information being obtained is shown in Table 9
correlating yield, with the July 16 sampling date producing the highest coefficients
for N, P, and K. The most outstanding relationship was that of nitrogen. For ex-
ample, the nitrogen content resulting from the leaf sample taken on June 16 showed
no relationship to yield (R=.096). On July 2, this value increased to ,243, a
highly significant relationship to yield. On July 16, however, the R value increased



en further to .408 but declined progressively on the next two sampling dates
=.202 and .190). Thus, the best estimate of fruit yield would be obtained by
king a leaf sample for analysis about mid-July.

TABLE 9.—Correlations Between N, P, and K Content of Leaves and Total Fruit
eld, 1970.

imple Date

me 16

ily 2

ily 16

igust 10

agust 26

Nitrogen

.096 N.S.

.243 **

.408 **

.202 *

.190 *

Correlation Coefficient
Phosphorus

-.245 **

-.228 **

-.265 **

-,173 *

-.215 *

(R Value)
Potassium

-.170 N.S.

-.192 *

-.273 **

-.115 N.S.

-.010 N.S.

Significant at the .05 level of probability.
* Significant at the .01 level of probability.
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