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OHIO STRAWBERRY PRODUCTION

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

and Robert G. Hill, Jr.
Department of Horticulture

Ohio Agricultural Research and Development Center

Development of new cultivars and substantial improvements in
horticultural practices, along with good management, have increased
strawberry yields per acre during the past 16 years. This is evident
in the results of research studies at the Ohio Agricultural Research
and Development Center, Adoption of the new production practices and
planting of the improved cultivars is resulting in greater profits to
Ohio strawberry growers.

Since the early 1950!s, steady improvements have been made in
the development of strawberry varieties* However, comparisons made
since 1952 of yields of the Premier and Robinson cultivars with those
of the five top yielding cultivars In the experimental plots at Woostei
show that improvements in existing cultivars and new production prac-
tices have resulted in yields of the older varieties increasing about
as rapidly as yields of new cultivars. Currently, yields of 12,000
or more quarts per acre are possible year after year.

Yields of Robinson variety have improved from about 1|600 quarts
an acre in 1952 to more than 135000 quarts in 1968, an increase of
more than 8,000 quarts per acre in 1? seasons (Figure 1).

The Premier variety also has had a substantially improved yield
potential during the same period (Figure 1). Consistent yields of
9,000 quarts and more per acre have been obtained for the past 8 years,

The five most productive cultivars in the tests at Wooster have
performed somewhat better in the trials than either Robinson or Premiei
throughout the period (Figure 1)* Since these represent the effects
of new breeding as well as new production methods, It is surprising
that the advantage to the new cultivars is not even greater than it
was. During the 1? seasons, Robinson was often included among the
five best yielding cultivars. Robinson, Redchief, Senga Sengana, and
Md. U.S. 3181). were included among the best five cultivars for both the
1967 and 1968 seasons.

From these research results, it is apparent that substantial
improvements have been made both in strawberry cultivars and in produc-
tion practices during the period* However, yields alone do not tell
the whole story. Culinary quality, grade characteristics, harvest
season, and fruiting and fruit characteristics (especially berry size)
must also be considered in selection of a cultivar for a commercial
planting.

The variations in berry size between faur strawberry cultivars
tested at the OARDC are shown in Figure 2.i/ The Robinson and Md. U.S.

I/Hill, Robert G., Jr. 196?. Strawberries for Ohio. Ohio State
Hort. Soc., Annual Proceedings.







3082 varieties produce a much higher proportion of the larger berries
than Premier or Md, TI*S. 3068* A quart of berries more than 1 inch in
diameter will sell more readily and at a higher price than smaller
berries, while berries under 3/k inch are difficult to pick or get
picked and are practically unsalable*

Earlier reports have shown a high degree of relationship between
yields per acre and profits per acre*2/ An added £00 quarts per acre
is worth $5>0 to $15>0 net profit per acre, depending on price *

It is apparent from various published and unpublished yield data
from commercial growers that few attain the yields shown to be possible
in 1968 experimental plantings, Most do not reach the half way mark*
Nevertheless* experimentally possible yields of 1952 are commonplace
for commercial growers today and it is probable that experimentally
possible yields of 1968 will $oon become the required yield for the
successful Ohio commercial grower* Growers must continually re-evaluate
their production methods, in light of the latest technological advances,
if they are to gain the maximum benefits from their efforts.

The potential of increasing acre basis yields of superior quality
berries, the result of research efforts, coupled with good markets,
gives Ohiofs strawberry industry a strong economic position* These
increased yields mean increased production efficiency and higher
profits* They also mean that fewer acres need to be utilized to assure
Ohio consumers of good supplies of high quality nutritious fruits*

2/Fruit Crops Research, Res* Summary 9, June 1966, OARDC

Fruit Crops Research—1969* Part I* Small Fruits. Re-
search Summary 36, Ohio Agricultural Research and Development
Center, ¥ooster, Ohio* June 1969*



STRAWBERRY CULTIVARS

Robert G. Hill, Jr.
Department of Horticulture

Ohio Agricultural Research and Development Center

The importance of cultivar selection in successful strawberry
production is well recognized and generally accepted. Some of the
most important advances in strawberry production have resulted from
the efforts of plant breeders who have introduced superior new cultivars
which combine greater potential productive capacity with superior
berry quality and size characteristics. These genetically superior
new sorts have made far more efficient and profitable production and
help assure the consumer of a good supply of high quality, locally
grown berries at reasonable prices.

The introduction of new cultivars complicates growers f problsms
of cultivar selection. The performance of any strawberry is markedly
influenced by the local environment under which it is grown. There
is no assurance that a new cultivar will exhibit the same superior
characteristics in a local production area as it did in the area from
which it was introduced* Before the value of any new cultivar can be
judged, its performance in the local area must be known*

The Ohio Agricultural Research and Development Center maintains
a continuing strawberry evaluation program to assist Ohio growers in
selecting the best possible cultivars and to help assure that Ohio
consumers can obtain good supplies of good quality berries. A new
planting is established each spring at the Research Center to evaluate
strawberry cultivars. These plantings include new selections and cul-
tivars which appear to be suited to Ohio conditions, cultivars and
selections which have shown promise in earlier tests, and established
varieties for comparison purposes. These plantings are established
and maintained according to conventional horticultural practices.
Records are kept on growth and fruiting characteristics, including
vigor, resistance to disease, season of ripening, yield, berry size
and distribution, and berry quality. Berry samples from these plant-
ings are supplied for use in determining the desirability of the
different cultivars and selections for the manufacture of frozen
products.

The main planting in the 1967-68 study included eight cultivars,
four numbered selections (potential new cultivars in the final stages
of evaluation), and Premier and Robinson for comparison purposes. In
this part of the planting, all test materials were replicated five
times. Observational plots of four selections and five cultivars were
also maintained* All plots consisted of 10 plants.

All of the cultivars made desirable fruiting rows. A new foliage
disease was noted on four varieties—Midway, Sunrise, Senga Sengana,
and Earlidawn—just prior to and during harvest season. This disease
sharply curtailed production of these cultivars. The disorder is
believed to be associated with the use of straw mulch for frost pro-
tection during bloom. The harvest season was markedly delayed and
extended by abnormally cool wet weather.



The season of ripening of strawberry cultivars and selections
included in the tests is shown in Table 1* The earliest ripening ones
were Sunrise and Midland. Neither cultivar, however, was sufficiently
productive to justify its use in commercial fields in Ohio*

Among the early types, Cyclone was most interesting. It was not
only early but it was also productive* Further9 more than 30 percent
of its berries were 1 inch or larger in size and only 15.7 percent of

TABLE 1.—Season of Ripening of Some Strawberry Cultivars and
Selections at Wooster, Ohio, 1968 Season.

Cultivar

Sunrise
Midland 3

Cyclone
Earlidawn
Md. US 2915
Md. US 2856 2

Redglow 2

NO. US 2812 2

Redchief
Premier
Sure crop

Midway
Earlibelle 2

NO. US 293k2
Guardian
Robinson
Md. US 3181;

Badgerbelle
Empire 2
I-22-601U 2

Jerseybelle ̂
Senga Sengana
Vesper

Percent
Ripe 1

58.9
58.8

1|2.5
Uo.5
39.9
39.0

29.8
28.6
2lu3
20. U
17.ii

10.2
9.3
7.7
6.9
6.1
5.0
3.9

0.5
0.0
0.0
0.0
0.0
0.0

General
Classification

Very Early
It Tl

Early
»
it
it

Midseason
it
n
ti
n

Late
n
n
n
n
tt
it

Extra Late
it n
n ti
it n
n n
1! It

Marketable
Yield

Qts./acre

6,970
5,009

16,335
5,590
12,052
9,583

9,87it
12,197
15,173
9,220

13,791*

13,286
11, 761
8,276
13,213
1U,520
15,173
15,319

13,U31
8,639
7,550
13, SOU
lit, 593
12,12U

Percent of total crop ripe on third picking date of strawberry
season, June 114., 1968*

2]3ased on a single 10-plant plot
3Based on duplicate 10-plant plots
H-Based on triplicate 10-plant plots



its berries were less than 3/k- inch in size (Table 3)* When compared
to Sunrise, the advantages of Cyclone are easily noted * Cyclone
berries are, however, not as firm as desired* Further testing will
be required in order to ascertain this cultivar!s true worth* On the
basis of its 1967-68 performance, it is of real interest.

Badgerbelle, a new introduction from Wisconsin, did well, yielding
20,110 total quarts per acre* Of these, however, only 13ii|-31 quarts

TABLE 2.--Some Characteristics of Strawberry Cultivars and Selec-
tions Under Test at OARDC, 1967-1968 Season.*

Cultivar

Badgerbelle
Cyclone
Earlidawn
Md. US 2915
Redchief

Guardian
Md. US 3181;
Midway
Premier
Robinson

Senga Sengana
Sunrise
Sure crop
Vesper

Earlibelle •L

Empire •*-
Fulton 2

I-22-601U I

Jerseybelle 3

Md. US 2856
Midland 2

NO. US 2812 1
NO. US 2931; 1

Redglow 1

Harvest
Dates

1st last

6-2U
6-12
6-11;
6-11;
6-11;

6-17
6-17
6-17
6-lU
6-17

6-21;6-iu
6-17
6-21;

6-17
6-17
6-17
6-21
6-21;

6-H;
6-H;
6-17
6-17
6-ii;

7-10
7-1
6-28
7-1
7-3

7-3
7-3
7-3
7-1
7-3

7-8
6-26
7-3
7-10

7-3
7-3
7-3
7-3
7-10

7-1
6-28
7-1
7-3
7-1

No. of
Pickings

8
9
1
8
9

8
8
8
8
8

7
6
8
8

8
8
8
6
8

8
7
7
8
8

Yield
qts./acre
Total

Marketable

13,1(31
16,335
5,590
12,052
15,173

il;, 520
15,319
13,286
9,220
15,173

Hi, 593
6,970
13,791*
12,121;

11,761
8,639
8,276
7,550

13,50k

9,583
5,009
12,197
13,213
9,87k

Yield
Ibs./acre
Total

Marketable

15,682
19,091;
6,53U
1U,012
17, 71U

16,988
17,860
15,536
10, 7U5
17,711;

16,988
8,131
16,117
1U, 157

13, 721
10,091
9,728
8,785
15,751;

11,180
5,881

lit, 302
15,161;
11,U71

¥t./50
Berries

600
560
3U7
U90
507

637
603
k70
383
688

377
320
U30
730

kok
It88
U63
381;
667

1;76
U20
673
593
520

wAverage data from six 10-plant plots*
rows I|-8tf apart. Planting made May 19, 196?.

ISingle plots only
^Duplicate plots only
3lriplicate plots only

Plants set l8n apart in



were classed as marketable* The berries tended to be soft and 314-
percent of them graded out to be less than 3A- î °h i& size* Senga
Sengana again proved productive but was much too soft to justify its
use in Ohio*

Performance of the new variety Redchief, which was tested here
earlier as Md* U,S, 3068, is of special interest because it carries
resistance to five races of red stele root rot. It again proved to
be a very productive cultivar^ producing a marketable yield of more
than 15*000 quarts per acre* The berries are firm and have good
quality and color* The major disadvantage of the cultivar is berry
size. It does not produce a high percentage of large berries — only
13*9 percent of the crop in 1968 were 1 inch or larger compared with
31*1 percent for Cyclone* About one third of the crop was less than
3/4 inch in size* Further, lack of uniform size at any one picking
date gave baskets of Redchief a "jumble pack" appearance.

TABLE 3.—Physical Size Characteristics of Strawberry Cultivars
and Selections* 1968*

Cultivar

NC. OS 2812
Redglow
Robinson
Jerseybelle
Vesper

NC. OS 293ii
Cyclone
Md. OS 3l8ii
Md. OS 2856
Empire

Badgerbelle
Guardian
Md. OS 2915
Fulton
I-22-601ii

Midway
Redchief
Surecrop
Midland
Earlidawn

Barlibelle
Senga Sengana
Sunrise
Prenier

1 inch
and over

50.3
ii3.1
39.8
39.1
38.6

33.9
31.1
28.1
23.2
21.3

20.ii
19.9
17.ii
16.9
Hi. 3

Hi. 2
13.9
13.5
13.ii
9.5

9.1i
7.2
5.5
5.0

Cultivar

I-22-601ii
Fulton
Earlibelle
Md. OS 2856
Midland

Earlidawn
Midway
NC. OS 293k
Empire
Senga Sengana

Sunrise
Cyclone
Md. OS 2915
Redchief
Jerseybelle

Guardian
Md. OS 3l8ii
Surecrop
Vesper
Redglow

Premier
Robinson
Badgerbelle
NC. OS 2812

3A-1
inch

77.5
77.0
69.7
68.3
65.3

63.7
60.2
59.7
57.3
56.5

55.9
53.2
53.2
52.5
51.5

51.0
50.7
50.7
U9.6
U9.3

ii8.6
1*6.8
Ii5.6
iOi.2

Cultivar

Prenier
Sunrise
Senga Sengana
Surecrop
Badgerbelle

Redchief
Md. OS 2915
Guardian
Earlidawn
Midway

Empire
Midland
Md. OS 3l8ii
Earlibelle
Cyclone

Robinson
Vesper
Jerseybelle
Md. OS 2856
I-22-60Hi

Redglow
NC. OS 293U
Fulton
NC. OS 2812

3A inch
or less

Ii6.ii
38*.6
36.3
35.8
3U.O

33.6
29.ii
29.1
26.8
25.6

21.ii
21.3
21.2
20.9
15.7

13.ii
11.8
9.U
8.5
8.2

7.6

6."l
5.5



The more recently named cultivar Guardian was evaluated as selec-
tion Md» U*S* 3079* It proved to be the same season as Robinson* It
was very productive, yielding at the rate of llj.,520 quarts of market-
able berries per acre* Approximately 20 percent of the total crop
were in the 1 inch or larger size class* Unfortunately, nearly 30
percent of the berries when graded were found to be smaller than 3/k
inch* The berries were attractive9 bright, shiny, uniform appearing,
and had good caps* They were firm with a good red flesh and had a
desirable mild flavor, not too acid. Guardian has resistance to five
races of red stele and is reported to be highly resistant to verti-
cillium wilt* It appears to offer much promise where a berry of late
season is needed and where disease factors have limited selection*

Midway, in spite of the leaf disorder, produced quite well~»-
13,286 marketable quarts per acre* It still appears to be an out-
standing variety for Ohio* Interestingly, two strains of Midway have
appeared in the trade* They are referred to as Midway I and Midway II.
The major differences between these are season of maturity and leaf

TABLE L|-*—Quality Characteristics of Some Strawberry Cultivars
and Selections Grown at Wooster, Ohio, 1968 Harvest Season*

Cultivar

Badgerbelle
Cyclone
Earlibelle
Earlidawn
Fulton

Jerseybelle
Md. US 2915
Redchief
Guardian
Md. US 3181*

Midway
NC. US 2812
NC. US 293k
Premier
Redglow

Robinson
Senga Sengana
Sunrise
Sure crop
Vesper

PH

3.75
3.1*8
3.30
3.30
3.50

3.70
3.50
3.30
3.55
3.30

3.50
3.1*0
3.30
3.1*0
3.55

3.60
3.70
3.U8
3.1*0
3.68

Soluble
Solids

6.8
iu7
6.2
5.6
7.3

7.9
6.2
6.3
6.U
5.8

5.3
6.7
6.1
5.5
6.3

6.k
6.h
6.1
6.1
7.2

Total Acid
% Citric

0.66
0.71*
1.17
1.12
l.Ol*

0.82
0.95
1.06
0.78
1.15

0.78
0.99
1.19
0.98
0.93

0.70
0.81*
l.Oii
1.11
0.82

Sugar
Acid Ratio

10.32
6.37
5.31
5.00
7.03

9.67
6.53
5.9U
8.13
5.06

6.76
6.80
5.H*
5.60
6.78

9.16
7.62
5.86
5.51
B.Ik

Ascorbic
Acid

MgAOO grams

55-6
29.7
1*2.5
1*1.0
53.8

56.6
1*1.1*
U0.1
1*1.3
14.1

1*1.1
ko.k
57.1*
1*3.1
51.5

51.7
36.0
39.8
31*. 1*
51*. 8

Determinations made on one harvest date*



color. The source of these two strains is a mystery* Both strains
are included in the 1969-1970 plots* Until such a comparison can be
made, it is not possible to determine which strain offers the most
advantage to Ohio growers*

Robinson has continued to perform well. It yielded at the rate
of 15*173 quarts of marketable berries per acre and continued to be
outstanding for size* Nearly 1|0 percent of the crop was in the 1 incl
plus size class* Because of its size, season of ripening, and produc-
tivity, Robinson has been an important commercial cultivar for many
years. Premier, because of its size and quality characteristics, has
lost its importance» Vesper and Jerseybelle continued to perform well
for the late season* Vesper is preferred*

The results of the berry size distribution study proved most
helpful in evaluating cultivar$* At'each harvest date, 2-quart sample
of each cultivar were randomly selected and separated physically into
three size classes--berries 1 inch and larger, 3 A- to 1 inch, and less
than 3/h- inch. The data showed not only the percentage of berries in
each size class for the season (Table 3) "but also indicated size
relationships at each harvest date. This relationship of berry size
and yield is important in describing a strawberry. These data help
in better describing the real marketable yield potential and further
help in better describing its market potential and picker acceptabilit

The strawberry grower, if he is to continue in profitable produc-
tion, must annually re-evaluate for his own use the list of available
cultivars. His decisions will markedly affect the success of his
plantings* He should not hesitate to drop an old cultivar or to accep
a new one. He must, however, base his decision on the performance of
the varieties in his local area and for his local market, not on
performance in some distant location.

Fruit Crops Research—1969. Part I, Small Fruits. Re-
search Summary 36, Ohio Agricultural Research and Development
Center, Wooster, Ohio* June 1969*
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A NEW STRAWBERRY DISEASE IN OHIO

Brian M« Jones
Department of Plant Pathology

Robert G. Hill, Jr.
Department of Horticulture

Ohio Agricultural Research and Development Center

In 1968, a leaf spot on strawberry was observed at harvest time
in cultivar evaluation plots at Wooster which was not typical of any
of the known leaf spots* This disease occurred only on Earlidawn,
Midway, Senga Sengana, and Sunrise*

Brown lesions* varying from round to irregular,, occurred only on
the older leaves of affected plants* Lesions often were composed of
alternating light and dark brown rings, resulting in a Ttbulls~eyeTT

appearance (Pigs* 1 and 2), Red and purple pigments developed in
diseased leaves, especially in leaves of Midway, the most severely
affected variety*

The cause of this strawberry leaf spot is unknown* Several organ-
isms isolated from lesions failed to duplicate the sjmiptoms when
artificially inoculated in plants in the greenhouse* This disease is
believed to be new because of the different symptoms and because a
thiram-captan spray program, which controls the common fungal leaf
spots, was applied until the end of harvest* The belief that this
disease on old leaves was not one of the known leaf spots is supported
by the appearance of one of the common leaf spots on young leaves but
not on old leaves of Premier (Fig* 3) in the same field following
termination of the spray program*

It is possible that cultural practices employed during the 1968
season caused or contributed to the development of the new disease*
Because of continued frost warnings, the plants were covered on May £
with straw which had been used for winter cover* The straw was left
on the plants for 1 week, during which time temperatures reached highs
in the 60 !s and low 70!s. Active plant growth beneath the straw was
indicated by the yellowed appearance of plants on removal" of the straw,
It is possible that common soil organisms, which likely had colonized
the straw during the summer and fall preceding normal winter applica-
tion of weathered straw cover, could have infected the plants during
the relatively warm, moist period in May when the plants were covered*
The organisms isolated from infected leaves are common in the soil*
Although greenhouse inoculations failed to produce typical lesions,
decay of older leaves was caused by one of the isolates under certain
conditions* This indicates a certain degree of pathogenicity and
suggests that this isolate might, under certain other conditions
(e*g*, those prevalent in the field while the plants were covered with
straw), cause the observed leaf spot symptoms*

It is not believed that this disease will become a widespread
problem in Ohio strawberries. However, the circumstantial evidence
obtained suggests that aged straw may not be the best material for
spring frost protection on certain varieties*
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EVALUATING STRAWBERRY CULTIVARS FOR FREEZING

J* P* Gallander, ¥* A. Gould, and H* Staminer
Department of Horticulture

Ohio Agricultural Research and Development Center

One of the most important factors in producing high quality frozen
strawberries is the selection of a suitable cultivar. Such a cultivar
should possess bright and uniform red color, light color seeds, no
center cavity, delicate and distinctive flavor, and firm texture. In
addition, the frozen product should be rich in Vitamin C. Strawberries
are a good source of Vitamin C, with an average serving usually provid-
ing the adult minimum daily requirement (30 mg.) of this vitamin*

Since cultivar selection is important and new cultivars are con-
stantly being developed, a continuing study is underway at the Research
Center to determine the suitability of strawberry cultivars and selec-
tions for freezing. The results from these investigations should serve
as a guide to growers, processors, and consumers as to those straw-
berries which will produce a high quality frozen product under Ohio
conditions.

PROCEDURE

All strawberry cultivars and selections were grown in the horti-
cultural plots at the Research Center in Wooster. During the 1968
season, strawberries from each of 21 different cultivars were harvested
at optimum maturity*

After the strawberries were washed, drained, and sorted, the caps
were removed and each berry was sliced in half. Then, 4 pounds (about
8 cups) of sliced berries were mixed with 1 pound (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 approximately 6 months, the frozen strawberries were thawed,
coded, and subjected to a 10-member taste panel for organoleptic eval-
uation. Each panelist was asked to score the strawberries on a prefer-
ence 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 berries were made. The following were determined: pH,
total acids (as citric), soluble solids, and Vitamin C (ascorbic acid).

DISCUSSION OF RESULTS

Earlibelle and Md. U.S. 2931+ were found to be lowest in pH, 3.30,
and highest in total acidity with 1.17 and 1.12 percent, respectively
(Table 1). In contrast, Badgerbelle was highest in pH, 3*80, and its
total acidity, 0.65 percent, was lowest of the cultivars studied.
Generally, strawberries with high percent total acids tend to be tart.
However, this depends on the sweetness (soluble solids or sugar content)
of the product.



Since sugars constitute a large percentage of soluble solids in
strawberries9 the soluble solids content is a good indication of the
sugar content of the product* The soluble solids content of the various
strawberries varied from 18*9 to 13*0 percent, represented by Md, U.S.
318)4. and Badgerbelle, respectively*

For the soluble solids-acid ratios, Robinson was found to be
highest, 2£«7, and Md* U.S. 293l| lowest, 13.ij.. This ratio is an
expression which relates the sweetness and tartness of the product.
Strawberries with high soluble solids-acid ratios tend to be sweeter
than those with lower ratios *

The results of the ascorbic acid determinations showed that frozen
strawberries are a good source of Vitamin C. The Vitamin C content
varied from 31 to Ij.7 mg* per 100 grams, represented by Cyclone and
Vesper, respectively* -The- average content for all cultivars and selec-
tions was l|. 0 xng* per 100 grams*

TABLE !*<—Chemical Composition of Frozen Strawberry Cultivars and
Selections, 1968 Season*

Cultivar
or

Selection

Total
Acidity

pH %

Soluble
Solids
%

Soluble Solids-
Acid

Ratios

Vitamin C
mg.
per

100 g.

Earlibelle 3-30 1.17 16.2
Md. U.S. 3181+ 3.35 0.99 18.9
Redglow 3.55 0.87 134
Md. U.S. 2812 3.50 0.92 15.2
Md. U.S. 2915 345 1.00 17.2

Earlidawn 3.38 1.06 16.3
Md. U.S. 293^ 3.30 1.12 15.0
Surecrop 3.1+0 1.08 16.2
Pulton 3.50 1.06 17.5
Pocahontas 3.55 0.99 18.1

Jerseybelle 3.70 0.96 16.3
Senga Sengana 3.65 0.81+ 11+.7
Redchief 3.1+0 0.96 17.0
Guardian 3.60 0.80 18.1
Midway 3.60 0.78 18.8

Sunrise 3.55 1.05 174
Vesper 3.70 0.73 16.0
Premier 345 0.92 18.1
Badgerbelle 3.80 0.65 13.0
Cyclone 3.60 0.67 15.6
Robinson 3.60 0.72 18.3

13.9
19.0
154
16.5
17.2

15.3
134
11+.9
16.1+
18.2

16.9
17.6
17.8
22.5
2ij..2

16.5
22.0
19.6
20.0
23.2
25.7

in
39
1+1

1+0

%
in

36
36
38

37

31





Table 2 lists the strawberry cultivars and selections in descend-
ing order according to their overall quality (sum of color, flavor,
and texture scores)* The overall quality of Earlibelle was highest,
23.2, while Robinson was lowest, l£.6.

The cultivar Robinson was used as a standard to compare its quality
(color, flavor and texture) with the other strawberries. Although a
common cultivar in Ohio, Robinson was rated extremely low for quality
attributes and was found to be unsatisfactory for freezing*

The majority of strawberries possessed good color and were rated
significantly higher than the standard cultivar, Robinson* Within
this group, Earlibelle, Md* IKS* 31814., Redglow, and Md. U«S. 2915 were
scored highest in color. Five cultivars, Midway, Premier, Badgerbelle,
Cyclone, and Robinson, were considered poor by the taste panel*

<•.
The flavor evaluation showed that Earlibelle and Md. U.S. 2812

were rated highest and Cyclone, Md* U.S* 29l£, and Robinson were least
preferred by the taste panel. Several cultivars and selections were
scored significantly higher than Robinson (standard) and were consid-
ered highly acceptable in flavor.

The texture ratings varied greatly among the strawberries evaluated
in this study* Earlibelle and Md* U*S* 3l8Ij. were rated highest for
texture, 7*1-1-* while Cyclone was scored $.1 and unacceptable* Several
cultivars, Premier, Badgerbelle, Cyclone, and Robinson, were ranked
low because they were extremely soft or "mushy*tr

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 are: Earlibelle, Md. U*S* 3181̂ , Redglow, Md* U*S* 2812, Surecrop,
Fulton, and Pocahontas*
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VIRUS DISEASE PROBLEMS OP RASPBERRIES

Brian M* Jones
Department of Plant Pathology

Ohio Agricultural Research and Development Center

Raspberries are seriously damaged by virus diseases* Once in-
fected , all parts of the plant remain infected so that suckers or tips
removed for propagation will also be diseased* This paper discusses
three of the more common and destructive diseases in terms of symptoms,
importance, and control*

Mild Streak—Mild streak is known to occur only in black raspberry
and possibly in blackberry* This disease is difficult to detect* For
this reason* it is readily spread in nursery stock and sometimes is a
serious problem in black raspberry* Mild streak sometimes also spreads
rapidly in the field but the agent of dissemination or spread of the
virus is unknown.

Severity of symptoms may vary with season, variety, and even
within the same plant* Symptoms of mild streak are purplish streaks,
often faint, on the lower parts of young canes in the summer (Fig* 1)*
Hooking and mottling may also develop in lower leaves (Fig* 2), Fruits
from infected plants are about three-fourths normal size (Fig, 3) and
are seedy, dull, crumbly, and poor quality, with an off flavor*

The primary control measure is use of virus-free planting stock*
Roguing of infected plants as soon as symptoms appear is beneficial*
Separation of black raspberries from wild Rubus species (wild rasp-
berries, blackberry, and wineberry) and from cultivated blackberry may
also be beneficial* Black Beauty and Improved Kansas are the only
varieties of black raspberry reported to be resistant to mild streak*

Leaf Curl~~Raapberry leaf curl is an important and easily recog-
nized disease of black, red, and purple raspberries* Symptoms are
first apparent as a downward curling of the tip leaves (Fig* IjJ,
usually on a single cane only. New canes arising later in the season
will also become infected but older canes may not until the next
season* Each year the plant becomes more stunted* Once a cane shows
curled leaves, its fruits are worthless as they ripen prematurely and
are small, dry, seedy, and distasteful*

The leaf curl virus is spread by aphids. The disease occurs on
blackberry, wild raspberry, and wineberry. Blackberry may harbor the
causal viruses in a symptomless condition* No widely grown red rasp-
berry varieties are resistant* Plum Farmer black raspberry is immune
to curl and New Logan has been reported to be resistant in some areas*

Use of clean stock, isolation from diseased plantings and wild
Rubus species, roguing of infected plants, and aphid control are all
important in reducing the disease* Infected plants may be detected
and rogued at any time during the year since symptoms, once they appear,
are always observable* However, curl symptoms in new infections may
be slow to appear*
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Raspberry Mosaic—Raspberry mosaic is the most widespread and
probably causes the largest economic losses of any raspberry virus
disease in the United States* Mosaic is considered to be caused by
a complex of viruses which may occur singly or in combinations in an
infected plant* Black raspberry is more severely injured than red
raspberry* Some components of the mosaic complex may be latent (i.e.,
cause no symptoms in an infected plant) in red raspberry but cause
severe symptoms in black raspberry (Pig. 9)* These components are
classified as heat labile (which can be eliminated from the infected
plant by exposure to temperatures below the thermal death point for
the plant) (Pig. 9) and heat stable (Pig. 10).

Symptoms vary with variety, the particular virus or virus combina-
tion involved in the infection, and climatic conditions. Mosaic is
most readily seen in the cooler weather of spring and fall, as leaf
symptoms are masked during hot summer weather. Mosaic-infected red
raspberries produce short canes, weak growth, and sparse yellowish-*
mottled foliage (Pig» 8) and gradually decline * Fruit from a severely
infected plant is dry and seedy or sometimes crumbly (Pig* 7).

In many red raspberry varieties, the two classes of virus compon-
ents may occur singly or in combination without producing striking
symptoms, although yields (Pig. 6), cane numbers and height may be
reduced in comparison with healthy stocks of the same variety (Pig. 5).
In some cases, however, the presence of the virus can be detected only
by grafting a portion of the infected plant on very sensitive indicator
plants (Pig. 11).

Synptoms produced on black raspberry are similar to those on red
raspberry except that black raspberry is more severely affected* Tips
of newly-infected shoots may die (Pig. 9)> leaves may mottle, plants
become dwarfed, and shoots tend to be brittle near the tips and to
snap off. Mosaic-infected plants also leaf out a few days later in
the spring than healthy ones. Fruits from infected plants are usually
dry and seedy*

The mosaic viruses, like the leaf curl virus, are spread by aphids.
Mosaic occurs on wild raspberries and wineberries. Blackberries may
also be infected but usually are symptomless. September and Milton
red raspberries are reported to be rather resistant to mosaic infection.
Other varieties, such as Canby and Indian Summer, are generally mosaic-
free because the aphids do not colonize them. Most black raspberries
are susceptible to mosaic and to aphid feeding but may vary in toler-
ance to the disease. As a general rule, black raspberries should not
be planted near red raspberries, even though both are mosaic-free,
because black raspberries are more susceptible to mosaic and because
red raspberries tend to harbor large numbers of aphids.

Use of mosaic-free stock is essential for establishing a vigorous
raspberry planting. Such plants are obtainable from nurseries in
several states as registered stock or registered virus-free stock*
These plants are certified to be substantially free of the major viruses
which can be detected by visual inspection and by indexing on standard
indicator hosts. The term virus-tested is probably more appropriate
than the term virus-free, sinc-e viruses may be present in virus-tested
plants which produce no symptoms on the indicator plants used.
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Frequent roguing is essential to maintain a raspberry planting
free of the major virus diseases* Roguing for mosaic is best accomp-
lished during cool cloudy weather, when symptoms are most apparent*
Infected plants should be scorched with flame or sprayed with a good
aphicide before removal so that the virus-carrying aphids on them are
not scattered throughout the planting*

Elimination of wild Rub us species (raspberries , wineberries, and
blackberries) around commercial plantings will reduce the source of
mosaic , other diseases, and aphids coming into the planting* A spray
program for aphids is beneficial but complete exclusion of mosaic and
other virus diseases is virtually impossible since winged aphids can
come into a planting from a distance and infect a few plants before
being killed by the insecticide* When a planting becomes severely
affected with a virus or viruses , the grower must decide when it is
no longer profitable* Then he should destroy the planting and start
another with registered virus-tested stocks*

For more complete information on viruses and other diseases of
bramble fruits, the grower should consult Agriculture Handbook No* 310
Diseases of Raspberries and Erect and Trailing Blackberries, for sale
(50 cents) by the Superintendent of Documents, U* S« Govt* Printing
Office, Washington, D* C. 2014.02.

For information concerning sources of registered raspberry stock,
growers should contact Extension or research plant pathologists and
horticulturists or the Division of Plant Industry, Ohio Dept. of Agri-
culture*

Figures 1, 2, 3, £, 6, 7, 8, 9, and 10 courtesy of Dr* R. H*
Converse, Crops Research Division, Agricultural Research Service,
U* S* Dept* of Agriculture*

Figures 5 and 7 reproduced by permission of the American Phyto
pathological Society*

Figures i). and 11 courtesy of Dr* A* J* Braun, New York State
Agricultural Experiment Station, Geneva*
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became the cordons* Each cordon was secured horizontally to the top
trellis wire and extended a distance of approximately ij. feet in each
direction to meet a cordon from the next vine*

Excess fruiting wood was pruned from the cordons (canes on the
cordons were pruned to five buds each) as well as from other positions
on the vine* All 1-year old pruning wood was then weighed and a
sufficient number of buds left to obtain a 30 + 10 pruning ratio
(i.e., 30 buds for the first pound and 10 buds for each additional
pound of wood removed)* Not more than 60 buds were left on any one
vine. The five-bud canes which remained were selected on the basis
of condition as well as position. The remainder of the canes were
pruned to one-bud renewal spurs.

If suitable 2-year-old wood was not available, 1-year-old canes
were selected and tied horizontally on the top wire to develop as
future cordons.

Pruning vines to the Umbrella Kniffen system consisted of select-
ing three to six canes from near the head of the vine. These canes
were then looped over the top of the trellis, brought down, and tied
to the bottom wire where possible*

EESULTS

As shown by Table 1, there were no significant yield differences
between the two trellising systems the first year* An average of
2l»lj. Ib. per vine was produced on the Umbrella Kniffen and 22.![, Ib.
per vine on the Single Curtain. Weights of individual grapes or
clusters were also not significantly different*

TABLE 1.--Selected Comparisons Between 8-Year-Old Concord Grape
Vines Trained to the Umbrella Kniffen and the Single Curtain Systems,
OARDC, Horticulture Research Unit 2, 1968*

Measurement
Training Systems

Umbrella Kniffen Single Curtain

Yield/Vine
Weight/100 Berries
Weight/100 Clusters
Clusters/Vine
Pruning Wt. - 1968
Pruning Wt. ~ 1969
Soluble Solids
Juice Content

214 Ib.
2?2 grams
32,5 1̂
97
2.20 I b . ^
1.70 Ib./vine'
13.8# **
111 ml.

22.8 Ib.
26l grams
31*2 Ib,
108*
2.22 Ib./vine
1.50 Ib./vine
13.3#
108 ml.

"'^Significant at .05 level of probability.

^Significant at .01 level of probability.
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More grape clusters were harvested from the Single Curtain vines
than from the Umbrella Kniffen vines* With only 1 year's data, it is
difficult to know how much significance to attach to this latter point.
On the other hand, it can be observed that pruning weights for the two
systems at the beginning of the experiment were the same* Slight
reductions in both berry weight and cluster weight tended to off-set
yield differences which might have resulted from this larger cluster
number*

Of considerable interest was the observation that the soluble
solids content of grapes from Single Curtain vines was lower than for
the Umbrella Kniffen* Juice content was not different between treat-
ments » Pruning weights for 1969 reflected a decrease in both treatments,
with slightly more wood being produced from the Umbrella Kniffen than
the Single Curtain vines*

CONCniSIONS

Studies of the physiological principles involved in fruit produc-
tion have shown that maximum exposure of leaves to sunlight is very
Important* Shoots which will be next year's fruiting canes are more
productive if their leaves are fully exposed to light* Much of the
grower preference for the Umbrella Kniffen system has been due to this
proven yield-quality relationship* Training systems which are able
to improve production and/or quality over and above this owe much of
their success to the application of this important principle. Such
Is the case with the Geneva Double Curtain System, developed at the
New York Agricultural Experiment Station*

The Single Curtain system as used here is similar in design to
the Geneva Double Curtain* The major difference is that only half of
the trellis area was available to position vine growth* For vines of
only moderate vigor such as those in the present experiment, the con-
ventional trellis should provide adequate exposure to handle the
foliage produced*

It was shown that conversion from the Umbrella Kniffen to the
Single Curtain system can be accomplished without sacrificing yields*
Results also show that the number of fruit clusters was i-ncreased* A
condition which was not anticipated was the decrease in soluble solids
content of fruit from the Single Curtain vines* A continuation of the
investigation during 1969 will provide additional information on this
important relationship*

Fruit Crops Research—1969. Part I* Small Fruits* Re-
search Summary 36, Ohio Agricultural Research and Development
Center, Wooster, Ohio* June 1969*
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GRAPE CANE GALL MAKER Ampeloglypter sesotris (LeConte)

George ¥* Still
Agricultural Research Service

TJ»S* Dept. of Agriculture
and Department of Entomology

Ohio Agricultural Research and Development Center

INJURY

This insect causes galls to form on grape canes just beyond the
nodes. Most galls are found beyond the cluster-bearing nodes and
therefore the fruit crop is not materially reduced* However, as the
galls are formed on the growing shoots before bloom, the cane growth
maybe reduced and result in the formation of lateral shoots» The
openings in the galls can also serve as an entrance point for fungi
and diseases*

Breaking of the cane at the wound may occur in some instances
early in the season* If the larva within the gall dies before it
becomes full~grown, only a slight swelling of the cane is visible;
there is also no larval tunneling within the cane*

LIFE CYCLE

The adults of this insect are small, reddish-brown, curculionid
beetles (snout beetles) about 1/8 inch long* These beetles overwinter
in or near the vineyard in brush and trash or in adjoining areas *

With the advent of warm weather and grape cane development, the
beetles migrate into the vineyard to deposit eggs in the grape canes*
On warm days they may be seen chewing circular depressions or holes
in a row along the grape cane* The female beetle chews a series of
6 to 12 small holes along the cane above the node in a space which
does not exceed 3/U- inch long* Usually only one gall is formed near
the node* In the hole nearest the node, a single yellowish-white egg
is deposited. Eggs are not laid in the other holes but all holes are
refilled with fine cane fibers or chewings*

Eggs are laid from late May through June in northern Ohio* The
injured or wounded area discolors to a purplish-brown color (on vines
which produce red or blue grapes) and the cane starts to swell around
the wound* The egg hatches into a small footless grub or larva about
1/l\. inch long (when mature) which feeds in the egg chamber and later
tunnels into the pith area of the cane in an area about 1 inch in
length* The larva becomes full grown in 8 to 10 weeks and pupates
within the gall chamber* Prom this pupa, an adult emerges, usually
in August, and goes into hibernation for the winter*

CONTROL

Results of Ohio tests indicate that pruning out the galls during
July, before the adult emerges, and burning them will reduce the number
of overwintering adults in small plantings. In larger vineyards. Ohio
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studies have shown that the use of insecticides, when properly applied,
will kill both adults on the vine and larvae within the galls* The
data indicate that combinations of insecticides such as lindane and
diazinon or carbaryl (Sevin) and azinphosmethyl (G-uthion), applied in
two applications about 12 to li| days apart, are effective in control-
ling the grape cane gall maker* The first spray should be applied
when the first wounds or feeding holes or adults are seen in the
vineyard, which usually occurs about June 1*

Fruit Crops Research—1969* Part I. Small Fruits* Re-
search Summary 36, Ohio Agricultural Research and Development
Center, Wooster, Ohio* June 19&9*
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BIRD CONTROL IN SMALL FRUITS

Thomas M* Stockdale
Department of Entomology

Ohio Agricultural Research and Development Center

Birds cause several million dollars in damage to Ohio crops
annually. This damage takes many forms, occurs on a variety of crops,
and involves several species of birds. Every bird damage problem must
be considered separately and the control technique employed must be
tailored to fit the problem and the species involved.

The Ohio Agricultural Research and Development Center has had an
active research program to determine ways of reducing bird damage to
crops for several years* Initially, emphasis was placed on the control
of blackbirds in corn* More recently, attention has been given to
bird problems in fruit production areas* Working in cooperation with
several northeastern states and with the Division of Wildlife Services,
U* S. Pish and Wildlife Service, many techniques developed for black-
bird control in field crops have subsequently been tested for use in
fruit crops.

There are three basic approaches which may be applied to control
birds whether the problem is in field crops, at livestock feedlots, in
urban areas, or in fruit production areas. These are: (l) eliminate
the attractiveness of the area to birds; (2) eliminate the damage-
causing birds; or (3) limit the birds1 access to the problem area.
No single one of these approaches is suited to the control of bird
damage in fruits*

The individual problem should be analyzed before attempting to
apply one or more of the basic approaches. To do this, the following
must be determined: (1) What are the problem-causing species? (2)
What is the status of each problem-causing species? (3) What are the
factors which make this area attractive to these species? (L|_) What
factors exist which will restrict the control measures employed?

Problem Species: Birds which are commonly reported to be doing
damage in small fruits include: starlings, common grackles, robins,
Baltimore orioles, blue jays, and warblers.

All of these are protected by state and federal laws except the
starling* An exception in these laws also exists for grackles at
certain times. All of these species are common summer residents in
Ohio except the warbler. Each has habits and requirements which make
it unique.

Site Factors: What are the land uses on areas surrounding the
fruit production area? Most birds feed close to cover types into
which they can escape when frightened. Such ar^as as woody fencerows,
windbreak plantings, woods, and brushy pastures adjacent to fruit
plantings will increase the attractiveness of these areas to birds.

Are there residences or areas of human activity close to the fruit
planting? If so, these must be considered when selecting the control
methods to be employed.
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CONTROL METHODS 

Decoy trap is useful de
vice in controlling star
lings and blackbirds. 

Cultural Methods: Eliminate woody cover from areas adjacent to 
small fruit plantings or select sites away from such areas when estab
lishing new plantings. 

Mechanical Methods: Keep birds from small fruits by enclosing 
plants, bushes, or trees with bird-proof netting. This practice is 
only feasible on high cash value fruits such as berries and grapes and 
possibly on cherries. 

Audio and Visual Scaring Devices: Devices which emit loud 
explosion-like sounds or duplicate the distress cries of the problem 
birds can be effective when properly employed. Such devices include 
automatic gas exploders, single report and two-shot shotgun shells, 
and amplified play-back of recorded bird distress cries. These sounds 
may be irritating to people residing close to the area to be protected. 
This should be considered before employing such devices. 

Replicas of hawks suspended on wires over berry fields have been 
effective in some areas in New York, Maryland, and New Jersey. 

Elimination of Problem-Causing Birds: Limitations imposed by 
state and federal laws restrict the killing of most birds which damage 
fruit. One selective device which has proven effective in some areas 
is the decoy trap. This is a large cage into which birds are attracted 
by decoy birds placed in it. Birds captured in the decoy trap can be 
selectively eliminated. This device is especially useful in the control 
of starlings and blackbirds. 

Other population reduction methods are now being developed which 
may enable the reduction of the numbers of damaging birds at locations 
away from fruit-producing areas, such as in night roosts. 

Fruit Crops Research--1969. Part I. Small Fruits. Re
search Summary 36, Ohio Agricultural Research and Development 
Center, Wooster, Ohio. June 1969. 
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FRUIT CROPS RESEARCH NOTES

Paraquat for Vineyards

Paraquat is approved for use under the vineyard trellis* It is
a very effective chemical weed control agent and its use is recommended*
However, care should be exercised in its use. Users should avoid con-
tact with the concentrated material and the diluted spray mixture*
Special care should be used to wash thoroughly if contacted* Inhalation
should be particularly avoided.

R. G* Hill, Jr.
Department of Horticulture

Dichlobenil in Small Fruits

Dichlobenil (Casoron) has proven effective for the control of
difficult weeds such as quackgrass, dock, and bindweed in grape, blue-
berry, and bramble plantings. Applications of the i|.G formulation at
the rate of 100 pounds per acre treated are approved and recommended*
It should be applied in very early or late winter* It is best used in
the row area only,

R* G* Hill, Jr*
Department of Horticulture

Elderberry Yields

The third summer the plants were in the field, yields of the
elderberry varieties Victoria, Kent, Johns, and Adams No* 2 exceeded
2 tons per acre* The yield of Nova this same season was i|_ tons per
acre* These results were obtained at the Southern Branch of the
Research Center at Ripley, Ohio, in 1968*

R. G* Hill, Jr*
Department of Horticulture

Grape Jellies

An investigation has shown that grape cultivars other than Concord
can be used to manufacture high quality grape jelly* Jellies made
from the cultivars Fredonia and Kendaia were considered as good as
Concord in flavor and color.

James F* Gallander
Department of Horticulture
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New Small Fruit Plantings Planned
byDepartment of Entomology

President Kennedy!s Science Advisory Committee recommended that
the use of pesticides which are persistent in the environment be phased
out as soon as possible* These are mainly the stable chlorinated
hydrocarbons such as chlordane, DDT, aldrin, and dieldrin.

Recent research has shown that DDT is present in the entire bio-
sphere in small amounts* For example, DDT can be found in the body
fat of penguins in Antarctica. The penguins probably picked up the
DDT from migrating fish.

It also has been shown that DDT in small amounts affects the cal-
cium balance in nesting birds and that fewer eggs survive when DDT is
present*

For these reasons, research on insect pests of small fruits will
be directed toward discovering substitutes for stable pesticides which
do not present the hazards cited above* For example, DDT is now
recommended for control of four pests on raspberry. A new small fruit
planting including raspberries, strawberries, blueberries, and elder-
berries is planned to provide facilities for developing safer and
better control of small fruit insects*

Roy ¥* Rings
Department of Entomology

Mechanical Harvesting of Grapes

Although the developmental work on mechanical grape harvesters
has been done at institutions outside of Ohio, they will become a
reality for many Ohio growers in 1969. During 1968, using llj. machines,
National Grape Co-op harvested more than 10,000 tons of grapes mechan-
ically* Only one harvester was operated in Ohio and that was by Meier!s
Wine Cellars on the Isle of St* George* For the 1969 season, from four
to six harvesters will be in operation in Ohio, primarily in Concord
grape vineyards*

Four and possibly five types of machines are presently available:
the Geneva Double Curtain harvester manufactured by Chisholm-Ryder;
the conventional trellis Chisholm-Ryder harvester; the Mecca-Nizzed
conventional trellis harvester; the John Bean harvester for I!Tlf type
or standard trellis; and the Lewis Geneva Double Curtain harvester
(experimental)*

The major developmental work toward a mechanical grape harvester
was done by the New York State Agricultural Experiment Station and
Cornell University* In just 11 years (since 1957)5 such equipment has
reached the stage of commercial practicality* The impact of the tran-
sition will be felt heavily throughout the eastern grape processing
industry during 1969*
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Some of the related problems which have been or will have to be
solved include: rapid procedures for bulk: handling of the fruit from
machine to processing plant; quality standards for cleanlinessj modi-
fication of pesticide spray program; prevention of contamination from
foreign material such as weed growth* birdsf nests5 etc,; and training
and trellising methods.

Garth A. Cahoon
Department of Horticulture
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