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OHIO M-R 9 AND OHIO M-R 12:

TWO NEW TOMATO VARIETIES RESISTANT TO THE FIVE OHIO STRAINS OF TMV

Leonard J. Alexander and Gene L. Oakes
Department of Plant Pathology

Ohio Agricultural Research and Development Center

Resistance to all five Ohio strains of the tobacco mosaic virus (TMV) has been
successfully incorporated in two new greenhouse tomato varieties. The new varieties,
Ohio M-R 9 and Ohio M-R 12, have been grown commercially for several seasons under
the designations of test lines 2409 and 712. They resulted from an extensive re-
search program initiated by Center plant pathologists in 1946.

CHARACTERISTICS

Ohio M-R 9 and Ohio M-R 12 are of the Livingston Globe type. They closely re-
semble the commercial variety Ohio W-R 29 and are similar to Ohio W-R 25 but are more
succulent. The fruit is similar to Ohio W-R 25 and 29. It is globose, with 4 to 6
locules, thick-walled, medium firm, and has a colorless skin. Fruit weight ranges
from 4 to 7 ounces. The stylar scar is smooth. The stem scar is slightly larger
than desired but is not objectionable.

The locules have a normal complement of seed and the intralocular jelly is pink
in color. General internal color of the fruit is medium to deep red, with a minimum
of white vascular tissue. The taste of the fruit is slightly sweet and resembles
that of most other commercial greenhouse varieties.

The new varieties are resistant to Race I of the Fusarium wilt pathogen,
Fusarium oxysporium f. lycopersici. They are also resistant to fruit cracking and
fruit pox. Both varieties are tolerant to high manganese in the soil.

The new varieties have two undesirable traits which can be controlled satisfac-
torily with good management. Plants have a slight tendency to grow horizontally
which increases the hazard of accidental breakage of the growing points during train-
ing. However, it has been found that this problem is not serious if plants are
trimmed and trained each week. The plants train well to a single stem and grow up a
string.

The other undesirable characteristic is that the new varieties are moderately
susceptible to blotchy ripening. If growers carefully manage their crop and maintain
a uniform growth rate so that the tendency for succulence is avoided, little or none
of the disease may be expected. However, if plants are over-watered and over-
fertilized (especially with nitrogen), blotchy ripening can be expected. It is hoped
that a variety can be produced in the near future which will be resistant to all
Ohio strains of TMV as well as blotchy ripening.

YIELD DATA

While yield data is somewhat limited at this time, both varieties have demon-
strated yielding ability and fruit quality equal to or superior to the standard com-
mercial varieties when grown by commercial greenhouse growers.

Two spring crops and three fall crops of Ohio M-R 12 were compared with the ac-
cepted varieties Ohio W-R 7, Ohio W-R 25, and Ohio W-R 29 in the plant pathology
breeding greenhouse (Table 1).





TABLE 3.—Comparative Yield Data of Ohio M-R 9 in a Northern Ohio Greenhouse,
Fall 1969.

Variety

Ohio M-R 9

Ohio Hybrid 0

Ohio Hybrid 0

Bay
No.

1

2

3

Baskets
per Acre

7,168

5,958

6,502

Generally, data collected by the commercial growers were obtained from adjacent
single row plants with no replicates. Unfortunately, the same check variety was not
used by all growers.

Data shown in Table 3 for Ohio M-R 9 were collected by one northern Ohio grower
in fall 1969. A partial row of Ohio M-R 9 was compared with two adjacent partial
rows of the commercial variety Ohio Hybrid 0. In this instance, Ohio W-R 9 produced
more total fruit than Ohio Hybrid 0.

On the basis of these comparisons, it seems safe to assume that with careful
management to reduce blotchy ripening and the horizontal growth tendency, both Ohio
M-R 9 and Ohio M-R 12 will produce yields comparable to presently grown commercial
varieties while offering growers plants resistant to TMV disease.

BREEDING FOR TMV RESISTANCE

Following the introduction of commercial tomato varieties resistant to Fusarium
wilt, TMV disease became the biggest disease problem for greenhouse tomato growers.

Early research showed that the tobacco mosaic virus lived in the soil for periods
of up to 3 or 4 months. It was found that seed carried the virus and that the virus
survived in debris from old crops. It was also discovered that certain weeds outside
the greenhouse served as reservoirs of infection and that the primary source of in-
fection was from greenhouse workers transferring the virus from the old to the new
crop.

A sanitary program for control of TMV disease was devised. However, this was
only partially successful because of the lack of willingness on the part of green-
house workers to follow the strict measures required for success.

The first attempt to breed for TMV resistance was made by using an accession
of the green-fiuited wild tomato species, Lycopersicon hirsutum (P.I. 126445) which
had been found to be resistant. Over a 3-year period, an estimated 35,000 hybrid
plants were grown without successful transfer of the resistance from the wild species
to a suitable domestic line.

Using a resistant breeding line supplied by the late J. M, Walter of Florida,
the Ohio breeding program produced F3 plants which appeared to carry a single domi-
nant TMV-resistant gene. The TMV-resistant breeding program was accelerated but was
short-lived. Later in the year, plants believed to be resistant became naturally
infected and it was concluded that different pathogenic strains of the virus e/dsted.





new introductions. The actual pedigrees of the two varieties are shown in Figures
1 and 2.

The genetics of the inheritance of resistance to the five strains was studied
and it was determined that TMV-resistance was governed by a single dominant gene
(designated Tm~2al. It was also found that six undesirable plant characteristics
appeared to be closely associated with TMV resistance, perhaps linked on the same
chromosome with the gene which controls TMV resistance. These associated character-
istics were: (1) excessive succulence, (2) hairless stems, (3) small fruit, (4)
poor fruit set, (5) horizontal growth tendency, and (6) susceptibility to blotchy
ripening.

Rigorous selection has largely eliminated the first four characteristics. The
remaining two still persist in Ohio M-R 9 and Ohio M-R 12 but can be satisfactorily
kept in check through good management.

SUMMARY

The introduction of Ohio M-R 9 and Ohio M-R 12 does not complete the Ohio TMV-
resistance breeding program. Efforts are currently underway to combine blotchy
ripening resistance with TMV resistance.

It has been observed that control of TMV is easier when the spring tomato crop
follows a fall crop of lettuce. Therefore, it is assumed that growing a fall crop of
TMV-resistant tomatoes would have the same effect in breaking the persistence of the
virus.

Current field data are not comprehensive. Thus, it will be necessary to make
further observations of performance when large plantings of the new varieties are
grown under optimum environmental conditions.

It was observed in the fall tomato crop of 1969, where rather large amounts of
the new varieties were grown, that the fruits were larger, firmer, and better colored
than nearby TMV-susceptible varieties. If this observation can be firmly established,
the production of good quality fruit in winter months alone will justify growing the
new varieties.

Since all greenhouse tomato varieties have a particular environment at which
they perform best, growers planting the new varieties should plan to adjust growing
practices to find the combination which will enable them to maximize yields.

Growers should not attempt to use either of the new varieties as parent strains
for further crossing since the resulting F-^ plants become necrotic at high tempera-
tures in the presence of TMV. It is also recommended that growers not save seed from
Ohio M-R 9 or M-R 12.

An adequate supply of seed of Ohio M-R 12 and a limited amount of Ohio M-R 9
seed will be available for fall 1970 planting. It can be obtained through the
Cleveland Greenhouse Vegetable Growers Cooperative Association, 19120 Detroit Road,
Cleveland, Ohio 44116.

Greenhouse Vegetable Research--1970. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1970.
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FUTURE TMV-RESISTANT TOMATO VARIETIES

Leonard J. Alexander and Gene L. Oakes
Department of Plant Pathology

Ohio Agricultural Research and Development Center

Alexander and Oakes (OARDC, Ohio Report, March-April 1970, and in another
article in this Research Summary), described two new tomato varieties. Both varieties
are highly resistant or immune to all five Ohio strains of TMV but are moderately
susceptible to the blotchy ripening disease. The ideal would be a combination of
resistance to both diseases.

Strenuous efforts have been made to combine resistance to both diseases and these
have been successful. In addition to the plantings of the two new varieties, the
majority of the plantings in the Plant Pathology greenhouse in 1970 are devoted to
lines which possess resistance to both diseases. In this case, difficulty has been
encountered in combining disease resistance with good production and quality. It is
hoped that in the very near future—in this crop or the next one or two—this defect
can be overcome.

When the above has been accomplished, greenhouse growers will have tomato vari-
eties which are resistant or tolerant to the following:

1. Fusarium wilt (race I)

2. Tobacco mosaic virus (five Ohio strains of TMV)

3. Blotchy ripening

4. Fruit pox

5. Soil manganese tolerance

6. Cracking

Efforts are underway to incorporate resistance to 11 races of the leaf mold
fungus. In addition, resistance to race II of the Fusarium wilt pathogen and re-
sistance to the two races of the VerticiIlium wilt pathogen will be introduced in
present varieties.

Efforts are underway to breed plants which do not have suckers. Much effort
also is being spent to develop varieties with extremely short pistils so that plants
will be largely self pollinating.

Greenhouse Vegetable Research-~1970. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1970.
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SUPPLEMENTAL LIGHTING FOR THE GREENHOUSE TOMATO

Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

In Ohio, natural light intensity is usually low during November and December
when the spring crop transplants are being grown and during January and February
after transplanting. Light is necessary for plants to manufacture carbohydrates
which are essential for plant growth and development and for blossom development and
fruit setting. Growers must be skillful managers of greenhouse temperature, nutri-
tion, and water in relation to light intensity in order to obtain a good set of
fruit for optimum production.

The primary objective of this investigation was to examine the feasibility of
using supplemental lighting both before and after transplanting to improve fruit
set on the early fruiting clusters of spring crop tomatoes. A preliminary report
was presented in the 1969 OARDC Greenhouse Vegetable Research Summary, This paper
presents additional results from an expansion of the original investigation.

METHODS

Growing the Transplants: Seeds of Ohio W-R 25 were sown in vermiculite on
Nov. 13, 1968. After transferring the seedlings to 4-inch clay pots on Nov. 25,
the plants were divided into two lots. One lot was placed in the plant growing area
of the greenhouse and the other in a controlled environment growth chamber. Lot 1
was exposed to normal greenhouse light conditions. Night temperatures were main-
tained at 60° to 62° F. and day temperatures at 70° F. when low light conditions
prevailed and 75° F. when moderate to high light occurred.

Plants in the growth chamber (Lot 2) were exposed to 12 hours of light per day.
The chamber was fitted with F96 T12/CW/VHO fluorescent lamps and 40W incandescent
lamps. Light intensity at the plant level was about 2,000 f.c. Temperatures used
were 60° F. during the dark period and 75° F. during the light period.

Additional plant growing procedures were in accordance with usual practice for
plants used in research trials.

After Transplanting: The plants were transplanted into the ground beds of
Horticulture Greenhouse No. 2 in the usual manner on Jan. 10, 1969. They were in-
corporated into a split-plot design for the post-transplanting supplemental lighting
part of the study. The post-transplanting treatments were: 1) no additional supple-
mental light; 2) light from 3 a.m. to 8 a.m. daily for 14 days after transplanting;
3) light from 3 a.m. to 8 a.m. daily from transplanting through Feb 28. Within
each of these treatments, six plants were grown in the growth chamber and six in
the greenhouse. Each treatment was replicated four times.

Lights used for the post-transplanting treatment were FR96 T12/GRO/VHO/WS and
were placed to provide 20 watts of energy per sq. ft. at the growing tip of the
plants. The fixtures were hung with small chains which allowed for adjustment as
the plants grew. Standard greenhouse shading cloths were placed between treatment
rows each evening to prevent plants which should not receive light from receiving
additional light the following morning (Fig. 1). The cloths were removed daily at
8 a.m. to permit normal light to reach all plants during the day.
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Table 1.-- Yield and fruit size as influenced by pre-transplanting
growing conditions* Spring crop 1969.

Harvest Period Lbs. Fruit/Plant Fruit Size-oz.
(Weeks) Chamber Greenhouse Chamber Greenhouse

1- 4
5- 0

9-12

13-16

Total

1.06

3.62

5.01

2.kk

13-73

.52

3.89

5.88

2.53

12.02 Ave.

6.10

5.5̂

5.98

k.75

5.59

k.k2

5.60

6.11

it. 9k

5.27

Cultural practices were uniform for all treatments and in accordance with
standard practice. The plants were removed on July 1, 1969. Data were collected
on fruit set, yield, and the several quality attributes evaluated in research studies
with greenhouse tomatoes.

RESULTS AND DISCUSSION

Pre-Transplanting Lighting Effects: Plants grown in the growth chamber were
of excellent size and condition for transplanting. The first flower cluster was
well developed and had a desirable appearance. Plants grown in the greenhouse were
smaller, had lighter green foliage, and the first flower cluster was much less ad-
vanced, although it was visible at the growing tips of all plants (Fig. 2). The
differences in plant size and development persisted for nearly 6 weeks after
transplanting.

Plants produced in the growth chamber also had an earlier set of greater num-
bers of fruit on the first cluster (Figs. 3 and 4). The average number of fruits
was 4.28 on the first cluster of plants grown in the growth chamber. This compared
to an average of 1.54 on the first cluster of plants grown in the greenhouse.

The improved early set on the chamber-grown transplants was reflected in greater
yields the first 4 weeks of harvest (Table 1). Fruit size was also significantly
greater on these earlier fruits. These data suggest that the plants produced under
the relatively high light conditions within the growth chamber had a favorable rela-
tionship of growth rate and development, as well as carbohydrate reserves. This
resulted in adequate numbers of flowers with viable pollen and ovules which set
fruit under the usual low light conditions of January in Ohio.

Post-Transplanting Lighting Effects: No differences were apparent between the
three supplemental lighting treatments imposed after transplanting. Further, there
were no significant differences in fruit set on any of the first six clusters
(Table 2) and subsequently no differences in yield (Table 3). Although the data
suggest an increased yield during the first 4 weeks of harvest from those plants
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Table 2.— Fruit set on tomatoes exposed to post-transplanting
supplemental lighting treatments. Spring crop 1969.

Number of Fruit Per Cluster
Light Treatment Cluster- ™1 2 3 5 5 ST Total

Normal Light 2,08 3-31 2.79 3-79 4.43 4.79 22.04

Added-Transp. + 2 wks. 2.93 3-38 3-31 4.23 4.39 4.81 23.19

Added-Transp. to Feb.28 2.88 3-60 3.02 4.15 4.83 4.91 23.39

Table 3-~~ Yield of tomatoes as influenced by post-transplanting
supplemental light treatment. Spring crop 19&9-

Harvest Period
(Weeks) Light- Normal

1- 4 2. 03

5- 8 10.45

9-12 15.16

13-16 7.80

Total 36.32

No. Fruit/Plant
+2Wks. Thru Feb.

3-36

10.64

15.46

7.79

37.25

3-24

10.82

15.75

8.90

38.71

Norma 1

1.10

3.67

5.81

2.40

12.98

Lbs. Fruit/Plant
+2Wks. Thru Feb.

1.24

3.83

5.86

2.38

13.31

1.24

3-75

5.87

2.69

13-55

receiving additional light, the differences were not statistically significant and
thus must be considered the result of chance variation.

The lack of response from the post-transplanting treatment could have been the
result of several factors: 1) insufficient light intensity; 2) insufficient duration
of supplementing the natural light each day; 3) insufficient light of the correct
quality; 4) sufficient natural light; 5) insufficient control of all experimental
variables; and 6) insufficient numbers of plants in each treatment to reduce the
effect of between-plant variability. Although some of these factors probably were
not involved, there are sufficient unanswered questions to warrant a further invest-
igation. Studies are continuing and additional aspects are being included.

Greenhouse Vegetable Research—1970. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1970.
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AN ANALYSIS OF THE USE OF AN ELECTRIC VIBRATOR
OR A PADDED STICK FOR POLLINATING THE TOMATO

Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

The mechanical, electrically operated vibrator is the most frequently used tool
for effecting pollination of the greenhouse tomato in Ohio. Recommendations state
that pollination should be done on a daily basis for both spring and fall crops (1).
As light intensity increases in the spring crop and as labor demands for harvesting
increase, it is not unusual for some growers to reduce the frequency of pollination
to an every-other-day basis. Some growers substitute vibration of each flower
cluster by striking the supporting wires with a padded stick. The vibration caused
by the stick hitting the wire appears to continue down the string supporting each
plant and into the plant and may result in sufficient vibration of the flowers to
provide pollination under ideal conditions. However, all factors are seldom ideal
in commercial greenhouses and observations suggest that pollination by striking the
wire with a stick may be of questionable effectiveness.

METHODS

A study was arranged with the Greenhouse Vegetable Packing Company, Cleveland,
Ohio, to obtain data from their grower members for a statistical comparison between
growers using the electrical vibrator and those who strike the wires with a stick
for pollination.

Drivers delivering tomatoes to the packing plants were questioned about the
method of pollination being used in the growers1 greenhouses from May 1 to topping-
out in June 1968. The results were recorded for comparison with pack-out and grade
data obtained from each grower's fruit harvested from June 1 to July 6, 1968. Only
growers who used either the vibrator or stick exclusively from May 1 to topping-out
were included in the analysis. A total of 50 growers were in the "vibrator" cate-
gory and 27 were in the "stick" category. No effort was made to include other
growth or production factors in the analysis.

The pack-out and grade classification from each grower!s crop harvested from
June 1 to.July 6 are given in Table 1. To provide for an economic analysis, the
average price received for each grade classification was used (Table 1).

Data were analyzed by the Center Statistical Laboratory, with the percentage of
each size and grade classification calculated for each grower and the value calcu-
lated based upon the yield and average price received for each grade and size class-
ification.

RESULTS AND DISCUSSION

Analysis of the data revealed that the use of the vibrator resulted in sig-
nificantly more medium and large sized fruits and less small fruits than from the
use of the stick (Table 1). Since fruit size is directly associated with seed
content, which in turn is associated with pollination (2), it is reasonable to
assume that the vibrator was more effective than wire tapping with a stick for
pollination.
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The average yields per acre of fruit harvested between June 1 and July 6 were
not significantly different with regards to method of pollination due to the wide
variation in yields between growers. The range varied from 1,690 8-lb. baskets per
acre to 8,355 8-lb. baskets. However, when the dollar value was placed upon actual
grade and size classification for each grower, the differences in average price per
unit and total value per acre were significantly different.

No effort was made to determine if the $1,577.10 average difference between the
use of the electric vibrator and the stick would pay for the additional labor costs
necessary to pollinate adequately with the vibrator from May 1 to topping-out in
early June. However, workers still must walk thru the rows striking the wires per-
iodically with the stick and it seems questionable that the added time necessary to
use the vibrator would add labor costs in an amount equal to or greater than
$1,577.10 per acre.

It should be pointed out that there may have been factors other than method of
pollination which influenced fruit size and yield in these greenhouses. Management
factors such as nutrition, irrigation, temperature, C02 enrichment, and light rela-
tions significantly influence the production of greenhouse tomatoes. It cannot be
supposed that the management was completely uniform in all respects except method
of pollination in the 77 greenhouses surveyed in this study. Nevertheless, the

TABLE l.~Influence of Method of Pollination from May 1 to Topping-
Out in June on Grade and Pack-out of Tomatoes Harvested from June 1 to
July 6.

Grade and Size
Classification

No. 1 Mediums

Large

No. 2

Unclassified

Unclassified Small

Ripe

Cracks

Cartons 5 's

Cartons 6 's

Baskets No. 1 Small

Percent in
Vi brator

61.81

10.97

6.50

.97

5.60

.57

1.99

5.55

3.56

2.48

Each Classification
Sti ck

56.80**

8.52*

6.92

.97

8.53**

.47

2.43

7.31**

4.82*

3.24*

Value
$/Unit

2.44

2.80

1.75

.77

.78

1.82

1.68

2.31

1.94

1.20

Differences between methods of pollination are statistically signif-
icant at odds of 19:1 indicated by a single asterisk or 99:1 by a double
asterisk.

-16-



TABLE 2.—Relation of Method of Pollination to Yield and Returns of
Tomatoes.

Method of
Pollination

Vibrator

Sti ck

Average
Yield/Acre (a)

4,416

3,845

Average Price
Received/Unit(b)

$2.25**

2.17

Total $
Val lie/Acre

$9,989.84*

8,412.74

(a) Yield of salable units as in classification in Table 1 for fruit
harvested from June 1 to July 6, 1968.

(b) Price per salable unit calculated from yields of grade and size
data and prices as given in Table 1.

Differences between methods of pollination are statistically signif-
icant at odds of 19:1 indicated by a single asterisk or 99:1 by a double
asterisk.

results strongly suggest that the electric vibrator is the more desirable tool for
pollinating the greenhouse tomato in Ohio.
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FREQUENCY OF POLLINATION AND FRUIT CRACKING

Dale W. Kretchman and Freeman S. Hewlett
Department of Horticulture

Ohio Agricultural Research and Development Center

The influence of the frequency of pollination on yield and quality attributes of
tomato was presented in a preliminary report in the 1969 Greenhouse Vegetable Research
Summary. The data presented and those from subsequent studies revealed that pollin-
ating daily with an electric vibrator resulted in the highest yield of larger fruits
compared to pollinating every third, fourth, or fifth day. Initial observations sug-
gested that the incidence of fruit cracking was also affected by frequency of pollin-
ation.

Data from two spring crops and two fall crops revealed that as the interval be-
tween vibrator pollinations increased, the percentage of fruits with cracks at
harvest increased (Table 1). The radial type crack at the stem end was the only
type observed. The size of cracks ranged from about 1/8 to 1 inch or more in length.
No effort was made to classify the severity of fruit cracks. However, the percent-
age of U.S. No. 1 grade fruit was less from plants pollinated every fourth or fifth
day and this undoubtedly reflected the severity of the cracks since this was the
primary quality defect influenced by the pollination treatment.

These studies included Ohio W-R 25 and Ohio-Indiana Hybrid 0. No differences
between the two varieties were found with respect to fruit cracking and frequency
of pollination.

The precise cause for this relationship between fruit cracking and frequency
of pollination has not been determined.

TABLE 1.--Relation of Frequency of Pollination to Fruit Crack-
ing of Spring and Fall Crop Greenhouse Tomatoes.

Percent of Harvested Fruitwith Cracks
Frequency of Pollination F-67 F-69 S-£8 S-&9

Every day

Every 2nd.

Every 3rd*

Every 4th.

Every 5th.

day

day

day

day

4.06 21.6 9-1 27-3

4.38

28.1 9.6 28.6

4.50

34.4 11.6 36.8

Greenhouse Vegetable Research—1970. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1970.
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A PRELIMINARY REPORT ON THE INFLUENCE OF ETHREL
ON RIPENING OF THE GREENHOUSE TOMATO

Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

Ethylene is a naturally occurring compound which has been found to initiate
ripening of many fruits. Southern-produced mature green tomatoes are frequently
ripened with ethylene in northern re-packing plants.

Greenhouse tomato fruits harvested at the last picking prior to plant removal
are frequently in the mature-green stage of development. Further, some of the
fruits are at an even less mature stage and will not ripen satisfactorily after
harvest. Ethrel, a mixture of 2~ chloroethane phosphonic acid, mono-2-chloroethyl
ester and 2- chloroethane phosphonic anhydride, has been shown to release ethylene
within plant tissues when applied in an aqueous spray or dip. A preliminary study
was made to determine the influence of Ethrel on the ripening of harvested green-
house tomatoes which would improve the salvageability of fruits picked just prior
to final plant removal from the greenhouse.

METHODS

Fruits of Ohio W-R 25 from the final harvest of the 1969 fall crop were select-
ed from the various experimental plots. Three randomly selscted sub-samples of 50
fruits each were then taken from fruits showing no evidence of color-break at the
stylar end. One sub-sample was dipped in tap water, a second in 2,000 ppm aqueous
solution of Ethrel, and the third in 4,000 ppm Ethrel. Treatment time was 30 seconds,
The fruits were then placed in a temperature controlled room at 68° - 70° F. for
ripening.

Daily examinations of the fruits were made and the fruits were divided into
each of four color categories: green, breakers, light pink, and pink ripe. Numbers
of fruits in each color category from each treatment were recorded.

RESULTS AND DISCUSSION

Data on color development are summarized in Table 1. Six days after treatment,
58 percent of the check fruit were classed as green compared to 24 percent and 20
percent green for the 2,000 ppm and 4,000 ppm Ethrel treatments, respectively. By 9
days after treatment, 40 percent were pink ripe in the check treatment, 60 percent
were pink ripe in the 2,000 ppm Ethrel treatment, and 80 percent were pink ripe in
the 4,000 ppm treatment. All fruits were pink on the 14-day examination of both
Ethrel treatments, compared to 82 percent for the check treatment. There is little
doubt that these Ethrel treatments hastened the ripening of the tomatoes in this
study. The color development appeared normal in every respect.

Objective taste tests were not made on the ripened fruits. However, measure-
ments of pH, titratable acidity, and soluble solids revealed no differences between
treatments.

The relationship of physiological maturity to ripening response with Ethrel
needs to be established. Some preliminary observations indicate that tomato fruits
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MODIFIED ATMOSPHERE STORAGE OF GREENHOUSE TOMATOES

Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

Greenhouse tomatoes are generally not stored for long periods of time after
harvest. However, there are times when heavy volume of fresh tomatoes so depresses
market values that limited storage of excess fruit would be economically beneficial.
Tomatoes are subject to chilling injury when stored at temperatures below about
55° F. Mature green fruits or fruits showing pink at the stylar end will usually
not ripen properly when kept for 2 weeks or more at these temperatures. Further,
when chilling injury has occurred, the fruits become very susceptible to infection
by fruit rotting organisms.

Some fruits such as apples, pears, cherries, apricots, and strawberries can be
stored for relatively extended periods in atmospheres low in oxygen and usually
higher-than-normal levels of carbon dioxide. These atmospheres appear to reduce the
life processes within the fruit so that their after-harvest life can be extended
beyond that obtained from storage in normal atmospheres. Further, development of
fruit diseases is also frequently retarded.

No information has been found concerning storage of greenhouse tomatoes in
modified atmospheres, although some reports are available on this type of storage
for southern-produced mature green tomatoes. Therefore, a preliminary study was
made with fall crop tomatoes in 1969 to obtain information on the effects of modified
atmospheres on after-harvest life of greenhouse tomatoes.

METHODS

Graded U.S. No. 1 medium fruits of Ohio W-R 25 were randomly selected from the
research plots immediately after harvest and divided into two color categories;
1--light pink and 2--mature green to slight color break. Eight-pound samples of
each of the color categories were subjected to the following treatments: 1) exposed
to normal storage atmosphere; 2) enclosed in a polyethylene bag of 1.5 mil thickness;
3) enclosed in a polyethylene bag with 1/4 Ib. of hydrated lime in a Kraft bag
included. A sealed plastic tube was tied into the plastic bags when the fruits were
enclosed to permit analysis of the gas within the bag during the storage period.
Treatments of the pink fruit category were replicated three times and duplicate
treatments were used with the mature green fruit.

All treatments were held in a 55° F. storage. At periodic intervals during
storage, the storage atmosphere and atmospheres within the plastic bags were analyzed
for oxygen and carbon dioxide using an Orzat analyzer. The general condition of the
fruit was also observed but the fruit was not handled so that bruising was minimized.

At the end of the 25-day storage period, the fruit was examined for color
development, firmness, shrivel, chilling injury, and rot development. No internal
quality analyses were made due to the relatively few sound fruits remaining.

RESULTS AND DISCUSSION

Results of the atmospheric analyses revealed that the general storage atmosphere
(Treatment 1) contained normal levels of oxygen and carbon dioxide throughout the
storage period, i.e. 20.8 percent and less than 0.1 percent respectively. The
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atmospheres within the plastic bags of Treatment 2 with the pink fruit category
averaged 13.2 percent oxygen and 4,9 percent carbon dioxide after 5 days in storage
and remained relatively constant throughout the storage period. One sample contained
10.1 percent oxygen and 5.8 percent carbon dioxide. Analyses of this same treatment
,with the mature green fruit gave an average of 16.0 percent oxygen and 3.1 percent
carbon dioxide and these levels also remained relatively the same during storage.

Oxygen contents within the polyethylene enclosures containing pink fruit when
stored and which included the hydrated lime (Treatment 3) averaged 18.5 percent and
carbon dioxide less than 0.2 percent. This same treatment imposed on mature green
fruit resulted in about 1 percent less oxygen but the same level of carbon dioxide.

Fruits of the pink color category were in excellent condition after 14 days in
storage. Color development was retarded in fruits enclosed in the plastic bag without
hydrated lime. However, fruits held in the normal atmosphere (Treatment 1) and those
in the polyethylene bag plus hydrated lime (Treatment 3) had a slightly deeper pink
color than at the start of the storage period. This same color development relation-
ship was observed with the mature green stored fruit but the differences were greater.
Only an occasional fruit in Treatment 2 had evidence of pink coloration after 14 days
of storage, whereas many fruits were showing pink in the other treatments. The color
differences persisted throughout the storage period. These observations suggest that
increased carbon dioxide concentration around fruits after harvest has an inhibitory
influence on color development. Further, reduced oxygen concentration apparently has
little influence on color development.

Large numbers of fruits were infected with rotting organisms in all samples of
fruits enclosed in polyethylene bags. This was undoubtedly associated with the water
saturated atmosphere within the bag. Water condensation was observed in the bags
throughout the storage period. The oxygen or carbon dioxide levels within the bags
apparently had no retarding effect on the development of the disease-producing
organisms.

Results from this preliminary study suggest that:

1. Tomato fruits when sealed within 1.5 mil polyethylene are capable of re-
ducing the oxygen and increasing the carbon dioxide concentrations by the normal
respiratory processes.

2. Higher than normal levels of carbon dioxide apparently inhibit color
development of fruits after harvest when stored at 55° F.

3. Modified storage atmospheres within the ranges of this study do not appear
to extend the storage life significantly over that from normal air at 55° F.

4. Greenhouse tomatoes are very susceptible to fruit disease development when
in water-saturated atmospheres.

Greenhouse Vegetable Research—1970. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1970.
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YIELD AND FRUIT DEFECTS IN THE GREENHOUSE TOMATO AS AFFECTED
BY APPLIED NITROGEN AND POTASSIUM, SPRING CROP 1969

Freeman S. Hewlett and Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

This study, initiated in the spring 1964 greenhouse tomato crop, had several
objectives of major importance. In view of the great significance of the nitrogen-
potassium relationship, it was proposed to ascertain under Ohio conditions the
extent to which this aspect was of real importance to Ohio greenhouse production.
The second objective was to ascertain the effects of excessive nitrogen and potassium
upon total yield and certain fruit defects. The third major objective was to cor-
relate or associate the same aspects with leaf composition, particularly nitrogen
and potassium. This latter information would obviously be of great importance in
the interpretation of leaf analysis results obtained from grower samples in the Ohio
program.

Leaf contents of phosphorus, potassium, sodium, calcium, magnesium, manganese,
boron, iron, copper, molybdenum, and zinc were obtained by spectrographic analysis.
Thus it was possible to associate elements other than nitrogen and potassium with
growth, yield, and quality.

Six spring and five fall crops have been produced in the 36 plots assigned to
this experiment. This work was concluded with the fall 1969 c'rop and some of the
results are reported in this Research Summary. A major publication involving the
11 crops is being prepared for publication.

This report involves the spring 1969 tomato crop planted on January 7 and
removed July 9. When controllable (usually to mid-April), the night temperature
was held at 62° F. and the day temperature at 77° F. Peanut hulls were utilized
as mulch at the rate of 8 tons per acre in all except the lowest nitrogen plots.
In the latter case, sugar cane hulls served as the mulch. The total water applied
was at the rate of 27.5 inches per acre. Two cultivars were utilized—Ohio-Indiana
Hybrid 0 and Ohio W-R 25.

The total quantities of elemental nitrogen and potassium applied during the
season are given in Table 1. Five dates of application were involved: Feb. 13,
March 5, March 25, April 16, and May 6. Equal amounts were applied at each applica-
tion.

The effects of applied nitrogen and potassium and the relationship of the two
elements upon yield and fruit defects are presented below. The correlation between
applied, soil, and leaf potassium was very satisfactory in light of the fact that
the same plots received the same treatments during the experiment. The amounts of
elemental nitrogen and potassium applied differed between the spring and fall crops.

OHIO-INDIANA HYBRID 0

Number of Fruits per Plant: The number of fruits per plant at first increased
with added nitrogen and then leveled off at the higher nitrogen applications. The
relationship of potassium and nitrogen applications was very significant. At the
two highest potassium applications (treatments 4 and 5), the yield of the two highest
nitrogen treatments (treatments 4 and 5) showed an outstanding decrease in number of
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TABLE 1.—Total Quantities of Elemental Nitrogen and Potas-
sium Applied in the Five Treatments, Spring 1969.

Total Quantity of N & K
Applied (Lb. per Acre)

Treatment Number Nitrogen Potassium

1

2

3

4

5

19

97

327

554

641

0

181

632

1071

1252

fruits per plant. The reverse was true with the two lowest nitrogen applications
(treatments 1 and 2). The most satisfactory combination was 327 Ib, of elemental
N and 632 Ibs. of elemental K.

Weight of Fruits per Plant: As might be expected, the correlation between
number and weight of fruits per plant is very high. In consequence, the same situa-
tion developed with applied nitrogen and potassium with respect to weight of fruits
per plant.

Weight per Fruit: Weight per fruit at first increased with added nitrogen and
then leveled off. Applied potassium had no significant effect.

Percentage of U.S. No. 1 Fruits: The percentage of No. 1 fruits increased some-
what with added nitrogen and then leveled off. Again, with the two highest nitrogen
and potassium treatments, a marked reduction in percentage of No. 1 fruits occurred.
The median nitrogen treatment was best throughout the whole range of potassium
applications.

Defects per Fruit: Defects increased with added nitrogen. However, they showed
a very marked increase in nitrogen treatments 3 and 4. At the two highest nitrogen
and potassium levels (treatments 4 and 5), defects per fruit showed an outstanding
increase.

Puffiness: Neither applied nitrogen nor potassium showed a significant effect
on fruit puffiness.

Cracking: Cracking increased appreciably with added nitrogen. It was inter-
esting to note that cracking decreased with added potassium up to and including the
median potassium treatment. Above that level, cracking increased with added potas-
sium with the exception of the median nitrogen treatment. At the two highest
potassium and nitrogen treatments, cracking again showed a marked increase. Defects
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per fruit were high at all levels of nitrogen in the zero potassium treatment. This
treatment actually resulted in deficient potassium within the plants and the pro-
nounced cracking at this level is very interesting.

Burst Fruits: Burst fruits increased very decidedly above the median nitrogen
treatment. At the highest nitrogen and potassium treatments, bursting was the highest

Scarred Fruits: The effect of nitrogen and potassium on scarred fruits was not
significant.

Off-colored Fruits: The amount of off-colored fruits was very high at the zero
potassium treatment but decreased greatly to the median potassium treatment. Above
the median level, little change occurred. However, at the two highest nitrogen and
potassium treatments, off-colored fruits again increased,

Off-shaped Fruits: No significant effect of added nitrogen and potassium upon
off-shaped fruits was obtained.

OHIO W-R 25

Number of Fruits per Plant: Number of fruits per plant increased with added
nitrogen. Above the median nitrogen level, number of fruits increased to the great-
est extent in the two highest nitrogen and potassium treatments*

Weight of Fruits per Plant: Weight of fruits per plant increased as nitrogen
applications increased and then leveled off. The effect of potassium was of little
consequence.

Weight per Fruit: Neither nitrogen nor potassium had a significant effect upon
fruit weight.

Defects per Fruit: As occurred with Ohio-Indiana Hybrid 0, defects increased
with added nitrogen. Again at the two highest nitrogen and potassium levels, defects
showed a marked increase.

Percentage of" U.S. No. 1 Fruits: At the two highest nitrogen and potassium
levels, percentage of No. 1 fruits showed a very marked decrease,

Puffiness: No significant effect of added nitrogen or potassium occurred.

Cracking: Little increase in cracking took place up to the median nitrogen and
potassium treatments. Above that point, cracking showed an outstanding increase in
the two highest nitrogen and potassium treatments.

Burst Fruits: Bursting increased with added nitrogen at every potassium level.
It was particularly high at the two highest nitrogen applications. Actually, it
showed some increase as potassium increased from the zero to median potassium level.

Scarred Fruits: No significant effect of nitrogen or potassium occurred with
respect to scarred fruits.

Off-colored Fruits: As expected, no significant effect of nitrogen or potas-
sium was obtained.

Off-shaped Fruits: A similar condition existed as with off-colored fruits.
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DISCUSSION

Nitrogen deficiency was clearly evident in plants receiving only 19 Ib. of ele-
mental nitrogen. It should be recalled that this plot had only received nitrogen
from peanut hulls except during the last three crops. From evidence available from
other sources, the plants in plot 2 were also deficient in nitrogen* Potassium was
clearly deficient in the plots receiving no additions of that element (treatment 1).

The interrelationships of nitrogen and potassium at the two highest levels
(treatments 4 and 5) were definitely indicative of an undesirable condition. The
decrease in number and weight of fruits and percentage of fruits in the U.S. No. 1
grade and the increase in certain defects support this conclusion. The results
definitely indicate the superiority of the third treatment of 327 Ib. of elemental
potassium. There is no question but that at every level of nitrogen, defects were
increased and particularly fruit cracking. At present it would not be possible to
produce crops with such a low nitrogen content as was found in treatments 1 and 2,
This indicates the importance of utilizing eventually a cultivar resistant to this
disorder.

Obviously the amount of nitrogen and potassium applied in treatment 3 cannot be
taken as the amount that a tomato producer should apply. The important matter is
the nitrogen and potassium content of the leaves which this treatment represents.
This conclusion will be established in the next article relative to the relation of
nitrogen and potassium leaf contents to yield and fruit defects.

Greenhouse Vegetable Research—1970. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1970.

-28-



YIELD AND FRUIT DEFECTS IN THE GREENHOUSE TOMATO
IN RELATION TO LEAF COMPOSITION, SPRING 1969

Freeman S. Hewlett and Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

For the entire period extending from the spring of 1964 to the present, the
^position of leaves sampled at various intervals during planting has been cor-
>lated with yield and fruit defects. Although the content of 11 essential
rtrient elements has been ascertained, only nitrogen and potassium have been given
ttention in the annual Research Summaries. These results have been obtained fol-
Dwing application of various increments of nitrogen and potassium involving five
reatments.

During the 1969 spring crop, the total amounts of elemental nitrogen and potas-
ium applied to the crop were:

Total Quantities
on Acre Basis (Lb.)

Treatment

1

2

3

4

5

Nitrogen

19

97

327

554

641

Potassium

0

181

632

1071

1254

The sampling dates and clusters involved were:

Sampling Date Cluster

February 11 1

March 4 2

March 21 3 § 4

April 15 5

May 5 6

May 26 7

June 26 8
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The plants of treatment 1 were obviously nitrogen deficient. There was a con-
siderable difference in appearance of these plants from those of treatment 2. Evi-
dence is available, however, indicating that the plants of treatment 2 were likewise
nitrogen deficient. The plants receiving the zero potassium (treatment 1} were
deficient and plants receiving treatment 2 were, from evidence presented here,
characterized as potassium deficient.

TABLE 2.--Average N and K Leaf Composition in Plants Receiving Treat-
ment 2, Dry Weight Basis.

Sampling Date

February 11

March 4

March 24

April 15

May 5

May 26

June 16

February 11

March 4

March 24

April 15

May 5

May 26

June 16

Cluster

Ohio-Indiana
1

2

3

4

5

6

7

8

Ohio W-R
1

2

3

4

5

6

7

8

Average
Date

N

Hybrid 0
2.44

2.66

2.70

3.23

2.52

2.66

2.49

2.43

25
3.25

3.00

2.83

3.41

3.05

2.88

2.54

2.66

Composition at Sampling
and Cluster Indicated

K

3.05

3.30

2.58

3.79

2.48

1.98

1.39

1.02

3.61

3.73

2.75

4.34

2.62

2.30

1.37

1.24

-31-



OHIO-INDIANA HYBRID 0

Number of Fruits per Plant; Number of fruits per plant was positively corr<
with leaf nitrogen in clusters 1, 3, and 5. With potassium, the favorable effed
extended from cluster 1 to 5, Apparently nitrogen was deficient in treatments 1
It is apparent that potassium was deficient in plants of treatments 1 and 2,

TABLE 3.--Average N and K Leaf Composition of Plants Receiving Treat-
ment 3, Dry Weight Basis.

Sampling Date

February 11

March 4

March 24

April 15

May 5

May 26

June 16

February 11

March 4

March 24

April 15

May 5

May 26

June 16

Cluster

Ohio-Indiana
1

2

3

4

5

6

7

8

Ohio W-R
1

2

3

4

5

6

7

8

Average
Date

N

Hybrid 0
3.30

3.57

3.18

3.59

3.03

2.86

2.66

2.83

25
3.30

3.49

3.12

3.59

3.05

3.01

2.65

2.93

Composition at Sampling
and Cluster Indicated

K

4.59

4.32

4.34

6.42

4.13

3.84

2.92

1.94

5.19

5.52

4.30

6.23

4.29

4.70

2.97

2.32
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Weight of Fruits per Plant: As expected, the total weight of fruits per plant
was positively correlated with leaf nitrogen in clusters 1, 3, 5, and 8. Leaf potas-
sium was positively correlated with weight of fruits only in clusters 1, 3, and 4.

Weight per Fruit: Weight per fruit was positively correlated with leaf nitrogen
of cluster 8 on June 16.

Defects per Fruit: Leaf nitrogen in clusters 1, 3, 7, and 8 was positively cor-
related -with fruit defects. Leaf potassium was negatively correlated with defects
in cluster 8,

Percentage of U.S. No* 1 Fruits: Leaf nitrogen was negatively correlated with
the percentage of U.S. 'No* 1 fruits in clusters 1, 3, 5, 7, and 8. On the other
hand, the reverse was true with potassium. U.S* No. 1 and leaf potassium were
positively correlated in clusters 2,5, and 8.

This difference clearly shows the unfavorable relationship of nitrogen and the
favorable influence of potassium upon U.S. No. 1 fruits. These results in no way
negate the fact that very high nitrogen and very high potassium in conjunction with
each other provide an unfavorable situation for U.S. No. 1 fruits.

Puffiness: No consistent relationship between leaf nitrogen and potassium with
puffiness was evident.

Cracking: Leaf nitrogen was positively correlated with cracking in clusters 1,
3, 5, 7, and 8. Potassium showed no significant relationship.

Burst Fruits: Burst fruits were correlated positively with both leaf nitrogen
and potassium only in cluster 5 leaves.

Scarred Fruits: Scarred fruits were positively correlated with leaf nitrogen
in clusters 1 and 8. Potassium showed no relationship to scarring.

Off-colored Fruits: Leaf potassium was negatively correlated with off-colored
fruits in clusters 1 and 3 to 8 inclusive. This assumes a favorable effect of potas-
sium in preventing as much off-color as might otherwise have occurred.

Off-shaped Fruits: Leaf nitrogen and potassium were not significantly related
to the development of off-shaped or malformed fruits.

Ohio W-R 25

Number of Fruits per Plant: Leaf nitrogen was positively correlated with number
of fruits per plant in clusters 1, 2, 7, and 8. Leaf potassium was positively cor-
related in clusters 1 to 4. It is interesting to note that leaf nitrogen of plants
receiving treatments 1 and 2 was higher in Ohio W-R 25 than in Ohio-Indiana Hybrid 0.

Weight of Fruits per Plant: A similar condition occurred with respect to
nitrogen and potassium as with number of fruits per plant.

Weight per Fruit: At no time was potassium or nitrogen correlated with fruit
size.

Defects per Fruit: Leaf nitrogen and defects per fruit were positively cor-
related in clusters 1 to 4, 7, and 8. Leaf potassium was positively correlated
with defects in cluster 3 on March 24.
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Percentage of U.S. No. 1 Fruits: Leaf nitrogen and percentage of U.S. No. 1
fruits were negatively correlated in clusters 1, 2, 3, 7, and 8. Leaf potassium
likewise was negatively correlated in clusters 1 and 3. This result indicates at
the beginning an unfavorable effect of potassium upon the percentage of fruits
grading U.S. No, 1.

Puffiness: No relation of leaf nitrogen and potassium to puffiness was signif-
icant.

Cracking: Cracking was positively correlated to leaf nitrogen in clusters 1
to 4, 7, and 8. Even leaf potassium was positively correlated with cracking in
clusters 1 and 3. This result also indicates an unfavorable effect of potassium
upon fruit cracking.

Burst Fruits: Burst fruits were negatively correlated with leaf nitrogen and
potassium in cluster 5.

Scarred Fruits: Both leaf nitrogen and potassium were positively correlated
with scarring in clusters 1 to 3. Leaf nitrogen was also positively correlated in
clusters 4 and 8.

Off-colored Fruits: As expected, no off-colored fruits were obtained.

Off-shaped Fruits: Leaf nitrogen was positively correlated with off-shaped
fruits in clusters 1, 2, and 4 and leaf potassium was positively correlated with
off-shaped fruits in clusters 1, 3, 6, and 8.

DISCUSSION

These results are important because they present information on relation of
leaf nitrogen and potassium to yield and fruit defects and also present evidence
concerning the leaf composition below which yield may be reduced and defects
accentuated*

Nitrogen and potassium deficiencies characterized the plants in treatment 1.
The results indicate that the plants in treatment 2 were likewise deficient in
nitrogen and possibly in potassium. From these results, it would seem that nitro-
gen leaf content must exceed 3.0 percent (dry weight basis) from February to April.
Potassium values ranging from 2.5 to 3.0 percent would be necessary during this
early period. This result tentatively indicates that the minimum requirement for
leaf potassium might be close to 3.0 percent during this early period.

From the evidence presented in the preceding report concerned with applied
nitrogen and potassium and that presented here, it appears that nitrogen ranging
from 3.5 to 4.0 percent and potassium from 6 to 8 percent found occasionally in
treatments 4 and 5 affect both total yield and fruit defects. The results have
shown that the interrelationship or interaction of nitrogen and potassium is par-
ticularly important with respect to both yield and defects.

In this report the maximum leaf nitrogen content in treatments 4 and 5 reached
3.8 percent and leaf potassium 8.0 percent. Apparently this combination produced
the undesirable effects previously noted. On the basis of present evidence, it
would appear more practical to keep potassium at a lower level in some greenhouses
than has been the case. From the nitrogen viewpoint, 4.0 percent (dry weight basis)
has been set in the leaf analysis program as the value to be held from Feb. 10 to
mid-April.
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The results presented involve only one spring crop. With full interpretation
of the results from the preceding crops, it is hoped that more precise stipulations
with respect to leaf nitrogen and potassium can be presented. It should be pointed
out that in those cases in which the results from applied nitrogen and potassium
do not agree with leaf correlations, no essential disagreement may occur. Further
study must be made of the correlations to ascertain the effects of maximum leaf
nitrogen and potassium upon yield and defects.

Greenhouse Vegetable Research—1970. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1970,
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YIELD AND FRUIT DEFECTS IN THE GREENHOUSE TOMATO AS AFFECTED BY
APPLIED NITROGEN AND POTASSIUM, FALL 1969

Freeman S. Hewlett and Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

This report presents the results of applying increments of nitrogen and potassiun
to the soil in which the fall 1969 plants in the nitrogen-potassium experiment were
growing. As has been pointed out in the articles in this Research Summary concerned
with the relation of leaf composition to yield and fruit defects, environmental con-
ditions for the spring and fall crops vary to a marked degree. Furthermore, the
plants of the fall crop are headed back above the 8th flower cluster while in the
spring crop 12 to 13 clusters are usually allowed to produce fruits*

During the period from August through December, two applications of fertilizer
were made to the soil. Each application involved the same quantity. The amount
per application was the same as that applied during the spring 1969 crop. The dates
of application were Sept. 3 and 26.

The total quantities of elemental nitrogen and potassium applied were:

Amounts of Nitrogen and Potassium
Applied per Acre Basis (Lb.)

Treatment N K

1 0 0

2 39 72

3 131 252

4 222 428

5 261 500

Only one variety was utilized--Otiio-Indiana Hybrid 0, As usual, the soil was
steamed prior to planting. The plants were bedded on July 31 and removed Dec. 31.
Peanut hulls were used as the mulch for all treatments.

The results of applied nitrogen and potassium on yield and defects were:

Number of Fruits per Plant: No significant effect of applied nitrogen or potas-
sium was obtained.

Weight of Fruits per Plant: No significant effect of applied nitrogen or potas-
sium was obtained.

Weight per Fruit: No significant effect of applied nitrogen or potassium was
obtained.
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Defects per Fruit: No significant effect of applied nitrogen or potassium was
obtained*

Percentage of Z7.S* No* 1 Fruits: The percentage of No, 1 fruits increased
significantly with added nitrogen and then leveled off. No effect of applied potas
sium was significant.

INDIVIDUAL DEFECTS

Puffiness: No significant effect of added nitrogen or potassium was obtained.

Cracking: Generally, little effect of added nitrogen and potassium was obtain
There was some indication that cracking increased at the two highest levels of nitr
gen and potassium.

Scarred Fruits: No significant effect of added nitrogen or potassium was
obtained.

Off-colored Fruits: Generally, off-colored fruits were highest in quantity at
the lower nitrogen levels when potassium was likewise at the lower levels (treat-
ments 1 and 2). At the highest nitrogen and potassium levels, off-colored fruits
showed a marked increase. The median levels of nitrogen and potassium were general
the most satisfactory.

Off-shaped Fruits: No significant effect of added nitrogen or potassium was
obtained,

DISCUSSION

The results indicate that applied nitrogen and potassium had little effect on
yields and defects in this fall crop. This was a marked departure from the results
obtained in the spring crop. Without question, the plants receiving no nitrogen in
treatment 1 were slightly deficient. The plants receiving no potassium were defi-
nitely on the borderline. It should be kept in mind that the soil had been steamed
following the spring crop. In addition, peanut hulls contain a reasonably large
amount of both nitrogen and potassium and a portion of these elements was available
for growth and yield of the plants during the period from August through December.

Greenhouse Vegetable Research—1970. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio, April 1970.
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YIELD AND FRUIT DEFECTS IN THE GREENHOUSE TOMATO
IN RELATION TO LEAF COMPOSITION, FALL 1969

Freeman 3* Howlett and Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

From 1964 through 1969, correlations of the essential nutrient elements with
yield and fruit defects have provided much information on factors affecting the
quantity and quality of greenhouse tomato fruits. The five fall crops produced to
date have not given as much information as the spring crops since the growth period
is shorter and fewer fruit clusters develop. Another difference which undoubtedly
affects the results is the fact that during the fall crop the days are becoming
shorter and light intensity is reduced, while the reverse is true during the spring
crop.

The fall crops have always involved applications of a smaller quantity of nitro-
gen and potassium. It has been the intention, however, to develop an excessive
nitrogen and potassium situation, which has been the objective in the spring crops
during the same period. The number of leaf samplings has usually been as extensive
as the spring crop, since they have been made at 2-week intervals. This frequent
sampling has thus presented a rather extensive set of correlations between the con-
tent of leaves and the yield and quality of fruits obtained during these crops,

FALL 1969

The plants were bedded on July 31 and removed Dec* 31. Ohio-Indiana Hybrid 0
was used in this crop. Peanut hulls were utilized as the mulch for all treatments.
The plots in both compartments received the equivalent of 15*1 inches of water per
acre during the period of growth.

Sept.
During this period, two applications were made—one on Sept* 3 and the other
26. The total quantities of elemental nitrogen and potassium applied were;

Amounts of N and K Applied
perAcre Basis (Lb«)

Treatment Nitrogen Potassium

1 0 0

2 39 72

3 131 252

4 222 428

5 261 500
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The sampling dates and the flowering cluster from which the leaves were removed
are indicated below. In each case, the leaf was removed below the cluster indicated.

Date of Sampling Cluster

September 2

September 23

October 7

October 21

November 3

November 17

December 1

December 15

2

3

4

5

6

7

3

4

The average nitrogen and potassium contents of the leaves of plants in treat*
lents 1 to 3 are presented in Tables 1 to 3.

TABLE 1.—Average N and K Leaf Composition of Plants Receiving Treatment
1, Dry Weight Basis.

Average Composition of Nitrogen
and Potassium at Sampling Date

and Cluster Indicated

Sampling Date

September 2

September 23

October 7

October 21

November 3

November 17

December 1

December 4

Cluster

2

3

4

5

6

7

3

4

N

4.23

3.27

3.20

3.09

2.66

2.35

2.11

1.82

K

2.08

2.36

3.02

3.45

1.88

1.31

1,49

1.12
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TABLE 2.—Average N and K Leaf Composition of Plants Receiving Treat-
ment 2, Dry Weight Basis.

Average Composition at Sampling
Date and Cluster Indicated

Sampling Date

September 2

September 23

October 7

October 21

November 3

November 17

December 1

December 4

Cluster

2

3

4

5

6

7

3

4

TABLE 3. --Aver age N and K
ment 3, Dry Weight Basis.

N

4.27

3.86

3.63

3.45

2.81

2.85

2.72

2.46

Leaf Composition of Plants Receiving

K

3.99

3.71

4.32

4.65

3.56

2.88

3.27

2.26

Treat-

Average Composition at Sampling
Date and Cluster Indicated

Sampling Date

September 2

September 23

October 7

October 21

November 3

November 17

December 1

December 4

Cluster

2

3

4

5

6

7

3

4

N

4.47

3.98

3.84

3.47

3.29

3.16

2.84

2.70

K

5.19

4.76

6.25

5.81

5.41

5.34

5.37

4.26
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The values in Tables 1 to 3 are important since they enable comparison of cor-
relation results with leaf content of plants receiving three of the five treatments.
As has been pointed out in previous Research Summaries, plants of treatment 1 have
been nitrogen and potassium deficient. It should also be understood that the zero
nitrogen treatment received potassium applications, while the zero potassium treat-
ment presumably received adequate nitrogen. Thirty-six plots were involved in the
experiment.

FRUIT DEFECTS

Number of Fruits per Plant: Number of fruits per plant was positively cor-
related with leaf nitrogen in the leaves of cluster 4, sampled Oct. 7 and Dec. 4.
The leaves of cluster 5 sampled Oct. 21 showed a similar result. At no time was
leaf potassium correlated with number of fruits per plant.

Weight of Fruits per Plant: Weight of fruits per plant was positively cor-
related with nitrogen in the leaves of the same clusters as in the case of number
of fruits.

Weight per Fruit: Weight per fruit was positively correlated with leaf
nitrogen in cluster 6 on Nov. 3.

Defects per Fruit: Neither leaf nitrogen nor potassium showed any relation
to defects per fruit.

Percentage of U.S. No. 1 Fruits: Neither leaf nitrogen nor potassium showed
any relation to percentage of U.S. No. 1 fruits.

Puffiness: Leaf potassium was significantly correlated with puffiness in
cluster 3 on Sept. 23.

Cracking: There was a negative correlation of leaf potassium with cracking in
cluster 3 on Sept. 23.

Off-colored Fruits: Off-colored fruits showed a negative correlation with leaf
potassium in clusters 5 and 6. Obviously, a reduced quantity of off-colored fruits
was associated with larger quantities of potassium in the leaves.

Off-shaped Fruits: Neither leaf nitrogen nor potassium was correlated with
off-shaped fruits.

DISCUSSION

The results dealing with the correlations of leaf nitrogen and potassium with
yield and defects were not as pronounced in this fall crop as they were in the
spring crop. There was no question but that the plants of the lowest nitrogen
treatment (treatment 1) were nitrogen deficient. Comparison of the nitrogen content
of the leaves of treatment 1 with those of treatment 2 shows a difference of 0.4 to
0.6 percent during the period from Sept. 23 to Dec. 4. Even the differences in leaf
potassium indicated that the plants of treatment 1 were on the borderline of being
deficient. There was some indication that at times the higher the leaf potassium,
the less cracking and off-colored fruits. Otherwise, the relation of leaf nitrogen
and potassium to defects was not statistically significant.

Greenhouse Vegetable Research—1970. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1970.
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EFFECTS OF DIBROM ON GREENHOUSE TOMATO FRUIT SET

Richard K. Lindquist
Department of Entomology

Ohio Agricultural Research and Development Center

In recent years, many greenhouse tomato growers in Ohio have stated that apply-
ing Dibrom 8 to hot pipes during flowering and pollination of tomatoes caused flowers
to drop and reduced fruit set. An experiment to determine any effects of Dibrom on
fruit set was conducted in 1968 at the Ohio Agricultural Research and Development
Center by Dr. J. P. Sleesman (Department of Entomology) and Dr. D. W. Kretchman
(Department of Horticulture). Results of this experiment indicated that Dibrom had
no detrimental effect on tomato fruit set.

Many growers did not accept this information, however, because they felt that
conditions under which the experiment was conducted did not duplicate those in large
commercial greenhouses. Therefore, another experiment was conducted in a large com-
mercial greenhouse operation near Avon, Ohio, from January to March 1970.

Two ranges of greenhouse tomatoes were used. One range covered approximately
7/8 acre and the other 2 acres. The two ranges were separated by a distance of 50
yards. The same tomato variety (Ohio W-R 25) was planted in each range. Tempera-
tures in both ranges were maintained at approximately 70° F. day and 60° F. night
throughout the test period. C02 was added in the 7/8-acre range but not in the other
range.

Dibrom 8 was applied to hot pipes in the 7/8-acre range on Jan. 24, Jan. 27, and
Jan. 30. Applications were made at the recommended rate of 1 fl. oz. per 10,000
cubic feet. Vents remained closed overnight following each application. Dibrom was
not applied in the 2-acre range. During this period, flowers on the first cluster
were open and were being pollinated daily.

On Jan. 26, first clusters on 50 plants in each range were tagged and numbers
of flowers per cluster were recorded. Plants were selected at random but plants in
all areas of both ranges were tagged. The number of fruits on tagged clusters was
recorded on March 3. Results are given in Table 1.

TABLE l.--Mean Number of Flowers and Fruits on First Clusters of Greenhouse
Tomatoes Exposed to Dibrom During Flowering and Pollination. March 1970.

Treatment

Dibrom

No Dibrom

No.
Flowers per
Cluster*

7.1

7.2

No.
Fruits per
Cl uster*

5.8 (4.3)**

4.4

Percent
Fruit Set

82 (61)**

61

*Means based on 50 plants per treatment.
**Numbers in parentheses show fruits per cluster reduced 25 percent and the

resulting percent fruit set to compensate for any yield increases due to addition
of C02-
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Fruit set was considerably higher on clusters in the Dibrom-treated range but
this was probably due to addition of C02« According to Brooks et al. (1969), tomato
fruit set has been increased up to 24 percent by the addition of C02- However,
even when total fruit set in the Dibrom treated range is reduced 25 percent (assuming
that C02 addition gave maximum yield increase), results of the two treatments are
identical. Thus, it seems proper to conclude that under the conditions of this
experiment, Dibrom did not adversely affect fruit set.
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DIBROM AND INJURY TO GREENHOUSE TOMATOES—REPORT II

Dale W. Kretchman and J. P. Sleesman
Departments of Horticulture and Entomology

Ohio Agricultural Research and Development Center

The first report (1) on this subject indicated that fumigation with Dibrom for
insect control resulted in no adverse effects on fruit set, even with application
of 32 times the recommended rate. However, leaf injury was observed and the con-
ditions promoting leaf injury were described.

In the first trials, single applications were made to a few plants in a very
confined treatment chamber. Because of this and repeated grower reports of Dibrom
causing blossom drop, an additional study was made with the spring crop of 1969.
This study was designed to determine effects of multiple applications on fruit set,
utilizing larger numbers of plants and fumigating a larger volume of greenhouse
space.

METHODS

Twelve plants of Ohio W-R 25 were transplanted into each of three containers of
Cornell Peat-lite mixture on Feb. 14, 1969. Covers were fabricated with 4-mil clear
polyethylene to completely enclose the plants in each container. This kept the
Dibrom gas from contacting any one set of plants while fumigating another set with
a given treatment (Fig. 1).

Tip leaves were checked weekly for nitrate nitrogen, using the diphenylamine
test. Ammonium nitrate fertilizer was added to keep the plants in the 3 to 4 range
on the color plate scale of this test. This was done to provide vigorous plants
which likely would have less than desirable pollen viability and thus be more sus-
ceptible to adverse effects on fruit set following Dibrom fumigation.

The treatments used were: 1) untreated check, 2) fumigated with Dibrom at 1 oz.
per 10,000 cu. ft., and 3) fumigated with Dibrom at 2 oz. per 10,000 cu. ft. Treat-
ment 2 was applied in the evening on Feb. 25, March 4, 11, 18, and 25. Applications
of Treatment 3 were made 24 hours later in each instance. In the afternoon prior
to each treatment date, the flowers in full bloom were tagged with a small white tag
indicating the date (Fig. 2). Fruit which were already set also were tagged. Pol-
lination was accomplished daily with an electric vibrator.

The plants were topped after the final treatment date. Four clusters on each
plant were involved in the study.

Observations were made on visible evidence of injury by the fumigant to flow-
ers, leaves and stems of the plants. Data were taken on fruit set from flowers
which were at full bloom the day prior to each fumigation.

RESULTS AND DISCUSSION

Marginal leaf necrosis was observed on young leaves of plants from Treatment
3 (2 oz. per 10,000 cu. ft.) the day following the Feb. 26 treatment. There was
occasional damage to the edges of the sepals and petals of the flowers open on the
first cluster. There was no further evidence of leaf or flower damage from the
fumigant at any other time and in any other treatment. No clearly defined reason
for this injury was apparent from condition and management records.
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TABLE 1.—Influence of Fumigation with Dibrom on Number o'
Fruits Set per Cluster from Those Flowers at or near Full Bloor
at the Time of Treatment* Spring Crop 1969.

No. Fruit Per Cluster
Dibrom Treatment Cluster 1 2 3 4 Total

1 oz/10,000 cu.ft. 1.67a 1.75b 1.67ab 0.83a 5.87

2 oz/10,000 cu.ft. 2.25a 3-25a 1.50a 0.83a

None 2.l6a 3.50a 3.00b 2.00a 10.66b

Treatment means within each column followed by the same letter are
not significantly different from each other.

Data in Table 1 show that the treatments had no effect on fruit set of the
first cluster in bloom at the time of fumigation. This suggests that even though
some leaf, petal, and sepal damage occurred after the first Dibrom fumigation, it
had no apparent influence on fruit set of the open flowers. It is possible that
the flowers had been pollinated and ovules fertilized prior to fumigation. However,
with the numbers of flowers involved on the 12 plants per treatment, it is unlikely
that all would have been set. Further, there were no more fruits set on the un-
treated plants than on those exposed to Dibrom.

The remaining fruit set data in Table 1 indicate that some factor or factors
other than the fumigant probably were influencing fruit set in the three beds, even
though some statistical differences are present. If the fumigant had been the cause
of these differences, it appears illogical that there would be less total fruit on
plants exposed to 1 oz. of Dibrom per 10,000 cu. ft. than on the untreated check
when there was no significant difference between plants treated with double this
rate and the untreated plants. Further, there were no differences in total fruit
harvested from the treated plots. There were, however, considerable numbers of
fruits which were small and contained few seeds. An analysis of the data showed
that this condition was not associated with the Dibrom treatments. This lends addi-
tional strength to the supposition that factors other than fumigation were influ-
encing pollination and fertilization of the ovules and subsequent fruit development.
No effort was made to ascertain these factors in this study.

It appears from the results of this study and of the one reported previously
(1) that fumigation with Dibrom for insect control does not directly influence
fruit set on Ohio W-R 25 greenhouse tomatoes when used as recommended under Ohio
conditions.
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REDUCING PLANT DISEASE LOSSES IN GREENHOUSE CROPS

R. E. Partyka
Extension Plant Pathologist
The Ohio State University

The growing of a greenhouse crop is similar to the manufacturing of a product
with a certain profit per unit in mind. Many input factors must be considered in
growing a crop. Disease control is one of many input factors. How to overcome the
threat of losses due to diseases must be kept foremost in mind from pre-seeding
time to the consumer's kitchen.

There are many ways to control diseases in greenhouse crops but most fall into
four major categories. The first is to exclude or keep the organism out of the
greenhouse or away from the plant. This is accomplished by the use of disease-free
plants, cleaning equipment before it enters the plant growing area or greenhouse,
and controlling insects which are known transmitters of disease-causing organisms.
The second control is to eradicate the pathogen after it is present in the area.
This is often accomplished by treating the soil or the greenhouse to eliminate
potentially dangerous organisms which may attack the greenhouse crop. Removing
infected plants is a normal practice in the greenhouse industry. A third category
is the use of resistant varieties to control destructive diseases. Nutritional
relationships in the plant and its degree of susceptibility to a disease are very
important. The fourth category is associated with plant protection. This may be
with specific chemical fungicides or by manipulation of the environment which can
be readily accomplished in the greenhouse. The following ideas should be re-examined
when a disease problem develops to see if a certain area was neglected.

Seed: Clean seed should be purchased from a reliable dealer or organization.
Many greenhouse growers save their own seed and unless proper seed collecting and
treatment practices are followed, there is a chance of transmitting or propagating
a disease problem which will be serious during the peak production period.

Soil Disinfestation: Chemicals or steam are used to disinfest the soil. One
important factor is a must for good soil disinfestation and that is soil moisture.
The soil must be in a good seedbed condition. Soils which are too dry act as in-
sulators and the steam will not penetrate soil clods or organic matter to provide
effective kill of soil-borne pathogens. Dry soils will not hold chemical fumigants
long enough to do an effective job of disinfesting.

Wet soils require more heat and it takes longer to heat existing soil moisture.
Chemical fumigants do not move in soils laden with excess water. It may be necessary
to irrigate the soil 2 weeks prior to disinfesting to bring the soil moisture up to
a good seedbed condition or drying may be necessary.

Soil drying is necessary in areas where plants die and the overhead irrigation
nozzles are not turned off. Plugged drain tile lines may be a factor and should be
checked periodically if an area remains consistently wet.

Failure to disinfest an area as noted by re-occuring disease problems of a
soil-borne nature may indicate a restricted steam tile. The use of a plumber's
snake passed through the steam tile will insure its functionability and correct it
if plugged.
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Adequate time and temperature for soil steaming are musts, as are accurate
thermometers and tight soil covers. Temperature readings should be taken near possi-
ble cold spots such as walkways with no disinfesting tiles under them, along outside
walls, in drip areas where the soil tends to be moist, and especially in noted trouble
areas of the previous crop.

Certain disease problems become established below steam tile lines or under
walkways and are extremely difficult to control. Retiling under a walkway may be
considered or else retiling around the walkway for a certain distance so that the
area can be disinfested before each crop. Persistent pathogens below the tile lines
are extremely difficult to eradicate and cultural practices to keep the active root
system growing in the upper treated zone may be considered.

Are the walkways and equipment cleaned up when the soil is disinfected? Dis-
infested soils can be easily contaminated from infested soil on walkways and equip-
ment. Disinfestation must be looked at from the standpoint of the entire greenhouse
and not just the soil where the plants are to be grown. The headhouse and equipment
stored in this area should also be disinfested by steam or chemicals when necessary.

Plant House: * Soil disinfestation practices should be followed, as well as good
sanitation aimed at the worker or workers growing the plants. Clean clothing before
entering the area is a must for a worker who helps in the overall operation. Washing
hands, disinfesting shoes, and watching that all cleaned equipment stays in the plant
house are essential. Screens to keep rodents, birds, and domestic animals out of
the plant house should be considered. A worker who is familiar with diseased seed-
ling plants should be considered for this position.

Seedlings transplanted into pots for the plant growing area must be handled with
care to avoid* excessive injury. Injuries at this time may not be apparent until a
later date when conditions are more favorable for certain organisms to develop.
Soil mixtures should be such that water will not remain on the surface as this can
result in stem rot diseases which may not appear until the plants are growing in the
range.

Again, sanitation must be considered in the plant growing area. Keep all hose
ends off the walkways. Limit access to the area to key individuals designated to
care for the crop.

Water: Water is essential to the growth of greenhouse crops but it is also
necessary for the development of many foliage diseases such as leaf mold and Botrytis
on tomato and Botrytis and downy mildew on lettuce or powdery mildew of cucumber.

Moisture control is extremely important for disease control. If relative
humidity is kept below 85 percent, foliar diseases can be minimized.

Watering when plants will dry rapidly should be considered. Temperature flue-
uations may influence moisture accumulation on the foliage in the form of dew or
condensation and should be guarded against. Therefore, heating lines, ventilation,
and air movement must be carefully examined to eliminate a pocket effect in the
greenhouse where moisture may accumulate. Water from a leaking gutter may be slight
as far as the overall operation is concerned, but humidity in this local area may be
sufficient to favor a disease problem which then spreads to the remainder of the
greenhouse.

Moisture added to the greenhouse with various carbon dioxide generators must be
considered in the growing procedure. High humidity levels at the end of the day may
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result in free water or relative humidity in excess of 90 percent when temperatures
drop after sundown. Plants grown under high humidity conditions are often soft and
succulent and subject to mechanical damage when plants are handled during tying,
suckering, and picking operations.

Temperature: Temperature is important in relation to dew formation and moisture.
This may be on the foliage or it may be soil temperature as influenced by soil
mulches. Temperature affects fruit quality during setting time and may be the direct
cause of certain post-harvest rots at a later date, such as Rhizopus or Botrytis.
Placement of thermometers in relationship to the growing and setting crop should be
considered rather than in large open spaces away from the plant. Continuous record-
ing thermometers or maximum-minimum thermometers are helpful in keeping track of
night temperatures.

Air Movement: Moving air can sweep away excess moisture from around plant tis-
sue and thereby prevent foliage diseases. This has been accomplished by the use of
heat lines near the soil at the base of the plant to result in thermal convection
currents. Recently, the use of fan and tube systems has reduced the need of heat
ground lines. However, some care should be exercised in making the holes in the
tubing in order to-obtain proper directional flow of the air in the greenhouse. The
fan and tube system can be coupled with outside air vents and can be effectively used
to reduce relative humidity in the greenhouse. Air flow in the greenhouse should be
directed in such a manner to prevent sudden temperature drops on plants which may
result in dew formation and lead to a possible disease problem.

Mulches; Mulches are used in greenhouses for several purposes. A major concern
is the introduction of disease-causing organisms into disinfested soil. Disinfesting
a mulch is helpful but often saprophytic fungi become established on this treated
mulch and become a problem with excessive spore loads in the greenhouse. Allergy and
dust factors become of major concern. Mulches could be placed in the greenhouse
early before work loads increase with the idea that the fungal bloom will be past
its peak when workers enter the greenhouse. However, the early placement of mulches
often reduces soil temperature and encourages Botrytis stem rot problems. Fixed
copper fungicides, Botran or Maneb, may be used to suppress fungal bloom on the
mulch.

Mulches may also introduce Verticillium wilt if straw contains considerable
soil. In other cases, herbicides used on the soil in growing the mulch crop must be
considered if it is to be used on greenhouse tomatoes.

Fungicides: Several fungicides can be used for the control of greenhouse
diseases. Maneb has been used for leaf mold control but excessive use leads to a
greater problem with Botrytis. Thus, the material should be used sparingly if
Botrytis is a constant problem. When a fungicide must be relied upon for disease
control in the greenhouse, this often indicates poor management of environment manip-
ulation. Botran has given good control of Botrytis stem rot and helps to control
Rhizopus fruit rot when sprayed on mulches.

Mechanical Damage: Wounds of various types provide an entry place for many
fungi, especially wound invaders. Fruit injury often occurs on the vine from
pollinators. Removal of lower leaves should be done during dry days to aid rapid
callus formation of the leaf scars.

Low temperatures often result in rough stylar scar tissue on fruit which is
easily ruptured upon picking and is more prone to Rhizopus fruit rot. Are the picking
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baskets clean and free of debris? Fingernail punctures can ruin many fruits and
workers should wear gloves if fingernails are long. Handling fruit in such a manner
to impart an impact or pressure bruise must be avoided whenever possible. Injured
fruits stored in a warm headhouse are often subject to fungal invasion. Excessive
vine injury by mis-treatment of the plants should be avoided.

Recognize Disease Problems: A good grower will recognize a disease problem
and try to correct it as soon as possible. Be sure to keep up with the latest re-
search, new publications, and most of all, know who to contact in your immediate
vicinity to give you some help* Good representative samples can be sent to the
Plant Disease Clinic, Department of Plant Pathology, 1735 Neil Avenue, Columbus,
Ohio 43210. There is no charge for diagnosis this year.

External Sanitation: Sanitation in the growing area has been discussed but
areas surrounding the greenhouse also must be considered. Over-grown grass and
weeds harbor many virus diseases and their insect vectors which can attack the
greenhouse crop. Plant material and accumulated trash can impede the air flow
around the greenhouse and favor disease buildup. Many wild weeds are perennial
hosts for fungal diseases which become important threats during moist seasons.
Clean surroundings-both inside and outside the greenhouse aid in the aesthetic
appearance and morale of the workers.

Greenhouse Vegetable Research—197Q. Research Summary 41, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1970.
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Calculate Your Potential Loss if Plant Returns Equal $4 per Plant
(Adjust $4 Figure to Your Average Plant Return)

Percent
of Plants

Lost per Acre
Plants per Acre

9,000 10,000

Transplant loss or
Botrytis loss 2 weeks
after transplanting
if cost of plant is
$.25 per plant

Loss due to Botrytis
at 1st cluster. 50%
loss of plant production
if other plants compensate

Loss due to VerticiIlium
or root knot nematode at
10% plant production loss

Loss due to Verticillium
or root knot nematode at
50% plant production loss

Loss due to Verticillium
or root knot nematode at
90% plant production loss

1 =
2
3
4
5

1 =
2
3
4
5

= 90 X $.25

90 X .50 X

90 X .10 X $4 =

= 90 X .50 X $4

1 =
2
3
4
5

90 X .90 X $4 =

Tobacco Mosaic
Early Infection with 25% yield reduction
Medium late infection 15% yield reduction
Late infection with 10% yield reduction

EXAMPLE

$22.50
45.00
67*50
90.00
112.50

180.00
360.00
540.00
720.00
900.00

36.00
72.00
108.00
144.00
180.00

180.00
360.00
540.00
720.00
900.00

324.00
648.00
972.00
1296.00
1620.00

$9000.00
5400.00
3600.00

100 X .25

1% transplant loss on 9000 plants per acre
1% loss due to Botrytis at 2 weeks on 9000 plants
1% loss due to Botrytis at 1st cluster on 9000 plants
1% loss due to Verticillium at 10% production loss on 9000 plants
1% loss due to Verticillium at 50% production loss on 9000 plants
1% loss due to Verticillium at 90% production loss on 9000 plants
Late infection mosaic with 10% reduction on 9000 plants

Total potential loss

$25.00
50.00
75.00
100.00
125.00

200.00
400.00
600.00
800.00
1000.00

40.00
80.00
120.00
160.00
200.00

200.00
400.00
600.00
800.00
1000.00

360.00
720.00
1080.00
1440.00
1800.00

$10,000.00
6000.00
4000.00

$22.50
22.50
180.00
36.00
180.00
324.00
3600.00
$4365.00

*Crop loss is difficult to ascertain. If plant loss occurs as scattered plants
throughout the greenhouse range, it is questionable if a 5% loss in plants can be
detected as other plants will compensate in greater yields because of more light,
water, and nutrients. However, if 5% of the plants die in groups of 5-10 plants
in a row, adjacent plants will not be able to compensate and a loss will occur.
When a plant dies in relation to its peak production capacity will also influence
the percent loss. These figures are a guide in determining losses which could
occur on greenhouse tomatoes due to certain diseases.
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