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Results and Discussion

Only the Oasis block growing medium influenced the weight and number of fruit
produced in growing the spring crop (Table 1) .

Transplant growing in Oasis blocks resulted in significant decreases in total weight
of fruit and number of fruit per plant, and thus the average weight per fruit was also re-
duced with this treatment. All other transplant growing treatments produced yields com-
parable to the standard clay pot method. Tomato fruit quality was not influenced by the
method of transplant growing.

To determine if transplant treatment influenced the time of fruit maturation, the data
were divided into three harvesting periods. The first period contained the first 5 weeks
of harvest, the second period the 6th through the 10th week of harvest, and the third
period the llth through the 15th week of harvest.

The difference in fruit maturation in the first harvesting period due to transplant
treatment became apparent in the Oasis and Kys Kube block treatments, where significantly
less numbers of fruit per plant were obtained compared with the other treatments (Table 2 ) ,
This can be explained by the fact that the tomato plants grown in Kys Kube and Oasis
blocks were of a younger physiological age (were smaller) when ground bed trans-
planting took place. The younger physiological age of the plants was due to restricted
root growth imposed by the small volume of the block. Total plant growth, in turn, was
reduced.

With Oasis blocks, significant reduction also occurred in the total weight of fruit
for the first harvest period. Comparing Kys Kube to the peatlite block and peatlite
mix, Kys Kube growing media produced significantly less total weight of fruit in the
first harvest period. Except for Oasis blocks, average fruit weight did not differ
among treatments at the different harvesting periods.

Quality of fruit produced in the different harvesting periods was not influenced by
transplanting media.

All transplant growing treatments in this study were equally as time-consuming in
maintenance as plants in clay pots, except for the peatlite mix where plants were grown
in beds. The peatlite mix treatment required no maintenance labor after pricking-o*it
other than growth observations. Plants grown in this manner showed no fruit yield or
quality differences from the clay pot method. In fact, the data suggest that this method
enhances early fruit production.

Greenhouse Vegetable Research—1973. Research Summary 66, Ohio Agri-
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THE INFLUENCE OF POLLINATION METHODS ON YIELD
AND QUALITY IN HIGH DENSITY PLANT POPULATIONS

William L. Bauerle and Ted H. Short
Departments of Horticulture and Agricultural Engineering

Ohio Agricultural Research and Development Center

For many years, greenhouse tomato growers have been using new ideas and modify-
ing equipment for more efficient and profitable production. Temperature and ventilation
control in the greenhouse have become automated. Planting, tying, picking, and pack-
ing aids have been adapted and geared to give good labor efficiency.

About the only thing which has not been modified very much has been the basic
growth habit of the plant. Modification of this part of the cultural system could make
mechanical harvesting more feasible and result in yield increases per unit area.

Materials and Methods

Seeds of all varieties for the high density investigations were germinated in flats con-
taining peatlite mix. At first appearance of true leaves, the plants were pricked-out into
bins of peatlite mix using a 5 x 5 sq. inch spacing. Transplants were pulled from the
peatlite mix and planted into ground beds.

Experiment I

This study was performed under high temperature stress during the summer months.
Five Florida varieties (Walter, Tropic Red, Tropic-Gro, Manapal, and Floradel) were
used to study fruit set under warm summer greenhouse conditions. The plant population
for all varieties was 30,000 plants per acre. Three methods of pollination were studied:
electric vibrator, air blast (Solo Mist blower) , and vibrating the plant holding racks with
a pneumatic hammer.

Experiment II

Two determinate varieties (Walter and Tropic-Gro) from Experiment I plus Vendor >
Tuckcross 520, and Tuckcross-O were chosen for a fall crop experiment. Methods of
pollination were the same as in Experiment I. A spacing of 10 x 10 inches square with
20-inch walkways resulted in a plant population of approximately 40,000 plants per acre.
Cultural practices were similar between treatments except for the treatment variables.

Results and Discussion

Experiment I

The selected varieties responded quite differently to high density population. Flora-
del has an indeterminate growth habit and produced a significantly high number and
weight of fruit per plant (Table 1) . The varieties with an indeterminate growth habit
generally produced the highest yields and quality on the two-cluster crop. Floradel out-
performed all other varieties for number and weight of fruit per plant. Of the three de-





terminate varieties (Walter, Tropic-Red, and Tropic-Gro) tested, yield was lowest on
the variety Tropic-Red. Walter had the lowest number of puffy fruit and showed the
highest packout of U. S . No. 1 fruit.

Even in the summer, method of pollination influenced yield and fruit quality (Table
2 ) . The largest fruit numbers and fruit weight were obtained with the electrical vibra-
tion and air blast methods of pollination. No significant difference in fruit yield was
noted between air blast and electric vibrator treatments, even though the averages were
slightly higher for the vibrator. Low yields and poor fruit quality resulted in all conduit-
tap treatments.

Based on the results of this experiment, a good method of blossom pollination is im-
portant even under high light conditions. Air blasting the clusters was almost as effec-
tive as the vibrator and has been shown to be a good supplemental method of pollination
on fall and spring crops. Conduit pipe was a good method of supporting the plant, but
tapping the conduit with an air hammer did not serve as an effective method of pollination.

Experiment II

In this fall crop experiment, the Vendor outperformed the other varieties in quality
and yield (Table 3) .

The vibrator treatment significantly increased the number and total weight of fruit
per plant over the other two treatments (Table 4). The air blast technique was not as
effective in this experiment as in Experiment I. This difference could be due to both
varieties and time of year.

Summary and Conclusions

Plant populations of 30,000 to 40,000 plants per acre restrict movement of workers
and equipment. From additional observational experiments, populations of 20,000 plants
per acre topped after the fourth or fifth cluster may be better suited to maintenance opera-
lions if a method of support for the plants can be worked out. High density plantings al-
ready have merit for.short cropping periods before or after another greenhouse crop.
At present, uneven marketing prices during certain periods of the year and high tempera-
ture during the summer months are disadvantages of this method. However, such factors
us mechanization, a constant flow of product, little change in labor load from day to day,
less manual labor, and a way of increasing gross yields appear to favor this method tor
future use by the greenhouse industry.

Greenhouse Vegetable Research—1973. Research Summary 66, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1973.





THE INFLUENCE OF POLLINATION METHOD ON
HIGH DENSITY PLANT POPULATIONS

William L. Bauerle and Ted Short
Departments of Horticulture and Agricultural Engineering

Ohio Agricultural Research and Development Center

High density, two-cluster tomato plantings of 40,000 plants per acre have resulted
in high yields and high workloads. There are four times as many plants per acre to trin
and pollinate and the close spacing results in vine entanglements. The feasibility of grc
ing a four-cluster crop with 20,000 plants per acre was considered in this study. Three
different methods of mechanical pollination were used and evaluated.

Materials and Methods

Line No. 92 was used because it can set a high number of fruit per cluster and the
fruit tend to mature uniformly. Seeds were germinated in flats and pricked-out into bin;
of peatlite mix (1) after the first appearance of true leaves. Spacing of the seedlings wa
5 x 5 inches in the bins of mix. Transplants were pulled from the peatlite mix 6 weeks
after pricking-out and planted into ground beds on August 21, 1972.

A plant population of approximately 20,000 plants per acre was achieved by double
rows, spaced 16 inches apart. Walkways between sets of double rows were 24 inches
wide. All plants were topped one leaf above the fourth cluster. Three pollination treat-
ments were used: electric vibrator, air blast (Solo Mist blower), and paddle stick.
Plants were pollinated in the early afternoon three times a week. Harvesting fruit for
yield and quality measurements began Oct. 16 and was concluded Dec. 8, 1972.

Results and Discussion

The method of pollination did not significantly influence the number of fruit per plar
(Table 1). However, the fruit size, total weight of fruit per plant, and percentage of
No. 1 grade fruit were largest for the vibrator pollination treatment.

TABLE 1.—The Influence of Method of Pollination on Yield and Quality of a Four-
Cluster, High Population Greenhouse Tomato Crop, Fall 1972.

Pollination
Method

Vibrator

Air Blast

Paddle Stick

*HSD 5%

No. Fruit
per Plant

14.5

15.3

11.9

N.S.

Lb. Fruit
per Plant

3.1

2.9

2.2

0.5

Av. Fruit
Wt. (Oz.)

3.48

3.05

2.94

0.26

Percent
No. 1

57.37

41.50

41.87

7.59

Percent
Puffy

60.75

77.50

77.37

6.77

Percent
Crack

1.00

4.37

4.62

2.73

*Within a column, differences between means larger than the HSD value for that
column are significantly different at the .05 level of probability.
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TABLE 2.—The Influence of Method of Pollination
on Fruit Weight and Seed Count, Fall 1972.

Pollination
Method

Vibrator

Air Blast

Paddle Stick

Av. Fruit
Wt. (Grams)

104.42

86.66

92.01

Av. No. Seeds
per Fruit

145

49

56

Average fruit weights were not significantly different for the air blast (causing the
blossom to shake by means of forcing large volumes of air) and paddle stick treatments.
Both had a high percentage of puffy fruit compared to the electric vibrator treatment.

In general, there is a direct relationship between fruit weight and seed count as
found by Kretchman (2) . The vibrator pollination method resulted in the largest fruit and
the highest seed count (Table 2) . The average total number of seeds per fruit for the vi-
brator treatment was almost three times greater than the other two treatments. The number
of seeds needed for ideal fruit size and quality, however, may be something less than 145
seeds.

For four-cluster plants, 20,000 plants per acre was ideal for cultural and mechanical
operations. Equipment and personnel could move easily within the plants. Furthermore,
yields per unit area were higher than for the conventional population of approximately
10,000 plants per acre. Labor costs per acre for suckering and pollination would probably
be higher than normal, since there are twice as many plants to manage. However, sucker-
less or sucker-suppressed plants and self-pollinating blossoms might make the system
highly feasible.

Literature Cited

1. Bauerle, W. L. 1972. A Comparison of Different Methods of Crowing Tomato
Transplants. OARDC, Res. Summary 58, Greenhouse Vegetable Research—1972,
pp. 7-10.

2. Kretchman, D. W. 1968. A Preliminary Report of Several Aspects of Fruit Setting
of Greenhouse Tomatoes. OARDC, Res. Summary 26, Greenhouse Vegetable
Research—1968, pp. 5-8.
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All plants were pollinated with the hand vibrator for the first three clusters. Then
all plants were shaken with the eccentric system Monday through Friday for 30 seconds
in the early afternoon. One set of plants received no further pollination, one set was
further pollinated with the hand vibrator, and one set was further pollinated with a mist
blower.

Yield and quality data were taken only on fruit harvested after the third cluster.

Discussion and Results

The yield and quality of fruit resulting from the eccentric vibrator treatment was
much lower than that resulting from the hand vibrator and air blast treatments (Table 1).
There were significant differences in yield and quality of the four varieties (Table 2), but
these differences are believed to be due more to variety differences than pollination treat-
ments.

The eccentric system did not result in a very uniform oscillation in all plants. The
system was designed with the parallel cross cables oscillating in opposite directions.
The direction of vibration reversed from one cable to the next, leaving a dead spot
(zero amplitude) midway between and a large vibrational amplitude near the cables. A
new system has since been designed using solonoid-valved air cylinders synchronized
from a rotary switch to vibrate all the trellis wires in the same direction. This air cylin-
der system should vibrate the plants much more uniformly than the eccentric system and
hopefully will do a better job of pollinating. Its uniformity will also make it a good de-
vice for selecting varieties which will pollinate easier than those currently being commer-
cially grown.

Greenhouse Vegetable Research—1973. Research Summary 66, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1973.
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FURTHER STUDIES ON THE EFFECTS OF CO2 ENRICHMENT
AND TEMPERATURE ON YIELD AND QUALITY OF SEVERAL

NEW TMV-RES1STANT TOMATO LINES AND CULTIVARS

William L. Bauerle and Dale W. Kretchman
Department of Horticulture

Ohio Agricultural Research and Development Center

A major shift to tobacco mosaic virus resistant (TMV) tomato cultivars has occurred
in the last 3 years in commercial greenhouses in Ohio. This has been due to the release
of two cultivars, M-R 9 and M-R 12, which are TMV resistant. M-R 12 has proven to be
the better of the two cultivars and now comprises the majority of the greenhouse tomato
acreage in Ohio.

In seeking superior quality attributes, however, other TMV-resistant selections
have been made and are being tested. To gain more information on the quality and yield-
ing potential of M-R 12 and to ascertain the response of several new selections to varying
environmental factors, an experiment was designed which included varying day temper-
ature regimes and CO2 enrichment.

Materials and Methods

Seeds of the cultivars Ohio W-R 25, Ohio M-R 12, and four single plant selections
from L. J. Alexander (breeding selections 2108-1, 2108-2, 2112-1, and 909-13) were
sown in flats of peatlite mix 8 weeks prior to planting the spring crop.

Seedlings were pricked-out into soil in 4-inch clay pots. Transplanting into ground
beds in the Department of Horticulture greenhouses at OARDC took place the first week
of January.

CO2 was supplied to designated compartments immediately after transplanting. A
timer engaged the CO2 generator 1/2 hour before sunrise and shut it off 1-1/2 hours be-
fore sunset.

Atmospheric enrichment of CO« ranging from about 600 to 1200 p.p.m. was main-
tained during the early months of the spring crop. However, after the outside tempera-
ture began to rise and sunlight intensity increased during April, enrichment was reduced

Day-temperature ranges of 69° to 77° F. and 73° to 81° F. were maintained on days
when temperature could be controlled. With low light, the temperature in each case was
lowered; as the light intensity increased, the temperature was increased to 77° F. or
81° F., depending on the treatment. Night temperature was held at 60° to 62° F.

The cultural practices were kept as uniform as possible for all treatments. Fruit set,
yield, and fruit quality data were analyzed by standard statistical procedures.
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Results and Discussion

No significant differences in total yields were found between the cultivars and selec-
tions (Table 1) . The data did show, however, that the cultivar M-R 12 produced signifi-
cantly smaller fruit in comparison to the other selections.

A high percentage of puffy fruit was noted in M-R 12 and the line selections (all TMV-
resistant) compared to W~R 25, M-R 12 and W-R 25 produced more cracked fruit than the
selections. The percentage of rough fruit among all cultivars and selections was exceed-
ingly high, with selections 2108-1 and 2112-1 exhibiting the greatest amount of roughness.
There was no apparent reason for the high degree of roughness. Anther scarring of
fruits of all TMV-resistant cultivars was found to be significantly higher than the amount
of scarring found in W-R 25.

Response to Carbon Dioxide

Based on data means, carbon dioxide enrichment in the greenhouse promoted more
fruit set per plant and a higher percentage of No. 1 grade in all cultivars and selections
(Table 2) . Weight of fruit per plant was increased with CC>2 enrichment on selections
909-13, 2112-1, and M-R 12 and W-R 25. A similar trend occurred in selections 2108-1
and 2108-2. Fruit size in general was not influenced by CC^ enrichment.

The percentage of puffy fruit was reduced with CQ% enrichment in all selections and
cultivars except W-R 25, although this cultivar showed a similar trend. Further, the
percentage of rough fruit was reduced with CC>2 enrichment in all but M-R 12, which also
showed a downward trend .

Only WR-25 had less cracked fruit with CO2 treatment. Off-shaped fruit was not in-
fluenced by CO2-

Increasing the day-temperature from 69°- 77° to 73°- 81 ° F. did not result in dif-
ferences in yield or quality in any of the cultivars or selections .

In general, the data indicate that the four selections were equally as good as the two
cultivars in yield and quality characteristics. When comparing fruit size of the four TMV-
resistant selections with the released cultivar M-R 12, the fruit size of all four selections
was larger. Since size is a very important factor in determining packout in commercial
grading of tomatoes , any future release of TMV-resistant cultivars should produce larger
size fruit than that of the previously released cultivars. The TMV-resistant cultivar and
selections did not respond differently to CO2 enrichment or day-temperature gradients
than the W-R 25 cultivar. Further improvements, however, need to be made in reducing
the degree of anther scarring in the TMV-resistant cultivar and selections .

Greenhouse Vegetable Research—1973. Research Summary 66, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1973.
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PRELIMINARY OBSERVATIONS OF A HORIZONTAL
PAD COOLING VENTILATION SYSTEM

Robert J. Walker
Extension Agricultural Engineer, The Ohio State University

and William L. George, Jr.
Department of Horticulture

Ohio Agricultural Research and Development Center

Horizontal pad cooling has been used in the Southwestern United States for several
years. As the name implies, the evaporative pad is mounted horizontally rather than
vertically as in conventional systems. Users of the horizontal pad cooling system gener-
ally cite the following advantages for using the system:

1. Pad cost is reduced because bulk excelsior can be used instead
of the manufactured excelsior pad.

2. The system is more efficient because there is less frame leakage
and pad sag.

3. Easy access simplifies pad maintenance and replacement.

4. Pad area is not limited to available wall space.

5. Pad water carryover into the greenhouse is reduced.

6. Wall closing systems are simplified.

Because of high temperature problems and the above advantages, it was decided that
a horizontal pad cooling system should be installed in one of the vegetable compartments
in The Ohio State University Horticulture greenhouses in Columbus.

System Description

During the summer of 1972, the system was installed in a 35 X 60-foot compartment
(compartment 2, Fig. 1) . Two 36-inch, 1/2 hpv, 2-speed exhaust fans were installed
in the west wall of compartment 2. These fans provided 10 cubic feet of air per minute
(c.f.m.) per square foot of ground area, or a total of 21,000 c.f ,m. for summer ventila-
tion. The fans were controlled with two 2-stage thermostats, one to control day tempera-
ture and the other night temperature. A time clock was installed to switch from one ther-
mostat to the other.

The air inlet consisted of a 1-foot wide by 46-foot long opening along the east side of
the compartment. The air velocity through the 46-foot long opening was about 400 feet
per minute, but at a distance of 2 feet from the opening, the velocity had dissipated to
about 200 feet per minute. This velocity did not adversely affect the plants (lettuce, to-
matoes , and cucumbers) grown near this wall.
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each minute. A 24-hour time clock turned the system on in the morning and shut it off
in the evening. A thermostat turned the system on when the temperature rose above
80° F. and shut it off when it dropped below this temperature. The system was automatic
and required very little attention. A filter was installed in the water line to prevent clog-
ging of the nozzles. The water was not recirculated. Although the nozzles were cycled
on and off in this system to control the amount of water applied, the system would probably
be more efficient if the nozzles could be selected so they would operate continuously.

Results

Temperature

The results reported below are from one crop only and thus must be considered
preliminary. The temperature results reported for compartment 2 are probably slightly
higher than could be expected because the outside air first passed through compartment 1
and then through the horizontal pad and into compartment 2. In 1973, the system will be
modified so the outside air will enter vents above the aisle and thus the air will neither
be warmed nor pick up moisture going through compartment 1.

Compartment 1 did not have pad cooling but was ventilated with the fans from com-
partment 2 as described above. Compartment 2 had the horizontal pad cooling system
described previously. Compartment 4 had natural ventilation with ridge vents and side
vents along the west wall.

The results are tabulated in Tables 1 and 2. Table 1 gives the differences between
inside compartment temperatures and outside temperatures. The average temperature
differences were always less (i.e., closer to the outside temperature) in the pad cooled
compartment, with the differences between the compartments decreasing later in the
season.

Table 2 gives the percentage of time the temperature was between the various tempera-
ture ranges at 2: 00 p.m. from August 8 to Oct. 1. The pad cooled compartment was at or
above 90° F. 28% of the time, while the naturally ventilated compartment was at or above
90° F. 44% of the time. This seems to indicate that pad cooling is effective in keeping the
temperature down in greenhouses, but at least another yearTs testing will be required be-
fore any conclusions can be drawn.

TABLE 1.—Differences Between Inside and Outside Temperatures for Compartments
1, 2, and 4 at 2: 00 p .m.

Aug. 28-Sept. 3 Sept. 19-27
Aug. 8-17 Aug. 18-27 Sept. 6-8 Sept. 9-18 Oct. 1

Compartment 1

Compartment 2

Compartment 4

—

7.8°

15.1°

F.

F.

5.2°

11,2°

F.

F.

7.3° F.

3.1° F.

7.2° F.

5.6° F. 4.9° F.

1.3° F. 4.9° F.

5.6° F. 6.9° F.
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TABLE 2.—Percentage of Time the Temperature Was Between
Various Temperature Ranges at 2:00 a.m.

Temperature Above 100° 90-99° 80-89° 70-79° 60-69C

Compartment 2 2% 26% 32% 40% 0%
(pad cooled)

Compartment 4 22% 22% 42% 12% 2%

Yields

Several cultivars and advanced breeding lines were grown in single plots in the fan-
pad cooled compartment during the fall crop of 1972. Yields ranged from 7 to 10 Ib. per
plant, depending on the cultivar. In most cases these yields were about 1 to 2 Ib. per
plant higher than the yields of comparable plants grown in compartment 4. However,
these results are considered preliminary since there was no replication of plots in the
fan-pad cooled compartment.

The same watering frequency was carried out in both compartments. In most in-
stances fruit size was reduced and blossom end rot increased in the fan-pad cooled com-
partment, suggesting more frequent watering was needed. Additional information on
crop performance will be obtained from the 1973 spring crop.

Greenhouse Vegetable Research—1973. Research Summary 66, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1973.
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RESISTANCE OF OHIO TMV-RESISTANT CULTIVARS TO DOUBLE STREAK
AND COMBINATION CUCUMBER MOSAIC VIRUS AND TMV DISEASE

James D. Farley
Department of Plant Pathology

Ohio Agricultural Research and Development Center

Greenhouse tomatoes may be infected with more than one virus in a growing: season.
These combined infections are often very damaging to the plants and result in significant
losses to the grower. The most serious virus combinations in greenhouse tomatoes are
tobacco mosaic virus (TMV) plus potato virus X (PVX) which cause double streak and TMV
plus cucumber mosaic virus (CMV) . Since TMV plays an important role in the develop-
ment of these diseases, tests were conducted to study the severity of these combined in-
fections on Ohio TMV-resistant cultivars.

Materials and Methods

Two-week-old seedlings of Ohio cultivars W-R 25 (TMV susceptible) and M-R 12
(TMV resistant) were inoculated with TMV. Approximately 2 weeks later, plants were
inoculated with PVX or CMV. Control plants consisted of uninoculated plants and plants
inoculated singly with TMV, CMV, or PVX. Tests were conducted in a greenhouse at
23-25° C . , with 16-hour supplementary light provided.

Results and Discussion

Results are presented in Table 1. Ohio M-R 12 and W-R 25 inoculated with PVX or
CMV displayed typical susceptible symptoms. Ohio W-R 25 inoculated with TMV plus
PVX or TMV plus CMV were severely diseased, with typical symptoms of each combina-
tion . Ohio M-R 12 plants inoculated with the virus combinations showed no double
streak or combined TMV plus CMV symptoms. The striking difference in symptoms in
Ohio W-R 25 and M-R 12 inoculated with TMV and PVX is illustrated in Fig. 1.
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TABLE 1.—Symptoms Produced by TMV, CMV, PVX, and the Com-
binations TMV + CMV and TMV + PVX on TMV-Resistant and Sus-
ceptible Plants.* f $

Variety

Ohio M-R 12

Ohio W-R 25

Ohio M-R 12

Ohio W-R 25

Ohio M-R 12

Ohio W-R 25

First Virus Plant Second Virus Plant
Inoculation Symptoms Inoculation Symptoms
11/29/71 12/10/71 12/10/71 1/18/72

TMV

TMV Healthy —

TMV Mottled —

CMV alone and TMV + CMV

None Healthy CMV

None Healthy CMV

TMV Healthy CMV

TMV Mottled CMV

Healthy

Mottled

Some plants
mottled

Some plants
mottled

Slight stunting
and mottle

Slight stunting
and mottle and
some plants with
filiforme leaves

Ohio M-R 12

Ohio W-R 25

Ohio M-R-12

Ohio W-R 25

PVX alone and TMV + PVX

None Healthy PVX

None Healthy PVX

TMV Healthy PVX

TMV Mottled PVX

Mottled and very
slight stunting

Mottled, slight
stunting and
yellowing

Mottled

Mottled, stunted,
severe yellowing,
leaf necrosis and
stem streaking

*Ten plants were used in all tests. Tests were conducted in a greenhouse thermostatic-
ally controlled at 80° F. Supplementary light was used to give a 16-hour day.

fTMV=^Tobacco mosaic virus strain 5. CMV:=Cucumber mosaic virus* PVX=Potato
mosaic virus.

$AII uninoculated control plants remained healthy.
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CHEMICAL CONTROL OF BOTRYTIS AND CLADOSPORIUM LEAF MOLD

James D. Farley
Department of Plant Pathology

Ohio Agricultural Research and Development Center

During periods of high humidity, Cladosporium leaf mold and Botrytis may be major
disease pathogens in tomato greenhouses. Attempts at their control are often unsuc-
cessful. Exothermil termil, a fungicide reported to be effective against leaf mold and
Botrytis, has recently been registered for use on greenhouse tomatoes. Effectiveness of
this material was tested in the spring crop of 1972.

Materials and Methods

Plants were transplanted Dec. 6 and treated with Maneb (3 Ib. per 100 gal. per acre)
and Exothermil termil (1 can per 10,000 cu. ft .) at weekly intervals from Feb. 2 until
May 18. Severity of infection was estimated May 20. One can of Exothermil contains 3.5
oz. of materials, 20% of which is active ingredient.

Results and Discussion

Exotherm and Maneb were equally effective in controlling Botrytis (Table 1) . Maneb
was more effective in controlling Cladosporium leaf mold than Exotherm; both materials,
however, significantly reduced the number of infected leaflets compared to the control.
The rate of 3 Ib. per acre of Maneb appears to be too high because fruits were often coated
with a milky white precipitate which was not easily washed off.

TABLE 1.—Effects of Exotherm Termil and Maneb on Cladosporium
and Botrytis Infections on Tomatoes.

Number of Botrytis Number of CZadosporium
Treatment* Stem Lesions/Plant Infected Leaflets/Plant

Exotherm 2.8 at 9.3 a

Maneb 2.5 a 3.9 b

Unsprayed Control 6.0 b 28.7 c

*Exotherm (1 can/10,000 cu. ft.) and Maneb (3 Ib. / lOO gal./acre)
were applied at weekly intervals from Feb. 2 to May 18.

^Numbers followed by the same letter are not significant at the 1%
level.

Greenhouse Vegetable Research—1973. Research Summary 66, Ohio Agri-
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RESEARCH DEALING WITH INSECT PESTS OF GREENHOUSE
VEGETABLE CROPS IN 1972

Richard K. Lindquist
Department of Entomology

This article is a summary of projects involving insect and mite pests of greenhouse
vegetables. Completed projects and those in progress are discussed.

Pesticidal Residues

Cooperators: H. R. Krueger, R. R. Spadafora, J. F. Mason, and W. L. Bauerle

Funds for this work were provided largely by the Ohio Greenhouse Vegetable
Growers Association, with the goal of eventually achieving registration of additional in-
secticides for use on greenhouse vegetables.

Several criteria were used in selecting materials to evaluate, but the most important
one was whether the material was registered on field vegetables* A second requirement
was that the material be effective in controlling at least one major greenhouse pest. Two
insecticides, Diazinon and Lannate, were then chosen.

Diazinon AG500 was applied to greenhouse tomatoes as a foliar spray and through a
Micro-Gen insecticidal dispersal unit for vegetable leafminer control. In general, both
application methods gave excellent control at the rates used. Sprays at 4 oz. or 8 oz.
per 100 gallons killed 100% of larvae in leaves 48 hours after treatment. Micro-Gen appli-
cations at 5, 10, and 20 oz. per 500,000 cu. ft. (approx. 1 acre) killed 68, 96, and 99%,
respectively, of larvae in leaves 48 hours after treatment.

Three applications with each method were made 10 days apart. Fruits were harvested
for insecticidal residue analysis 1, 3, 8, or 10 days after each application. Highest resi-
dues after spray applications were 0.073 and 0.173 p.p.m. for the 4 oz. and 8 oz. rates,
respectively, 1 day after treatment. Highest residues 1 day after using the Micro-Gen
were 0.022 and 0.037 p.p.m. for the 5 oz. and 10 oz. per 500,000 cu. ft. rates. Neither
method resulted in any apparent buildup of residues, which was well below the Federal
tolerance of 2 p.p.m. established for tomatoes.

All of this information has been sent to the manufacturers, Ciba-Geigy Corp., and to
Dr. C. C. Compton, project leader of IR-4.

Lannate was selected for two reasons. 1) It is very effective in controlling whiteflies
and several species of caterpillars. 2) Many growers requested studies concerning resi-
dues in foliage and fruits.

Lannate 90 SP was applied only as a foliar spray at 4 oz. and 8 oz. per 100 gallons.
Both rates gave excellent whitefly control. Averages of 2.4, 0.6, and 35.9 nymphs per
leaflet were recorded from plants sprayed at 4 oz., 8 oz., and untreated, respectively,
7 days after the third application at 7-day intervals. Adults also were controlled, and
Lannate apparently volatilized from treated plants in large enough amounts to greatly re-



duce adult counts on check plants. In a separate test, residual killing continued for at
least 7 days when adults were caged on treated plants.

Foliage and fruits for residue analysis were harvested 0, li, 3, or 6 days following
each application. Analysis of fruits indicated a gradual buildup of Lannate residues
after repeated applications, and that under conditions such as those present during
autumn 1972, excessive Lannate residues probably would be found in fruits at harvest.
Therefore, eventual registration of Lannate on greenhouse tomatoes is doubtful.

Host-Plant Resistance Studies

Cooperators: W. L. George and R. R. Spadafora

For the past 2 years, plant introductions and available cultivars have been screened
for leafminer and whitefly preference. The first experiments were with plant introduc-
tions, and sometimes involved different species in the genus Lycopersicon. Plants were
arranged at random in a greenhouse compartment and exposed to a natural infestation of
leafminers and whiteflies for approximately 30 days. Whitefly infestations were rated on
a 1 to 10 scale, with 1 = no nymphs present and 10 = leaves completely covered with
nymphs. Leafminer infestations were recorded as mines per leaf. Mean whitefly infesta-
tion ratings ranged from 2.5 to 8.2 and several plants were selected for further evalua-
tion. However, when selected plants were the only ones available, whiteflies generally
did not hesitate to populate them, indicating that true resistance was not present. Ap-
proximately the same situation occurred with leafminers. Average mines per leaf ranged
from 0 to 5.51, but when selected plants were isolated, they also became infested.

At present, several cultivars which normally are field-grown are being evaluated for
possible resistance to leafminers. Although differences appear to exist, their interpre-
tation depends to a large degree upon the method of recording data. Number of completed
mines per leaflet does not always correspond with the leaf puncture : leaf mine ratio.
Both criteria have been used to evaluate resistance. Hopefully, these problems can be
resolved in the near future.

Insecticidal Application Equipment — Micron Generators

Cooperators; K. R. Spadafora and W. L. Bauerle

Considerable time was spent during the past year evaluating the use of micron gen-
erating insecticidal dispersal units. Two such units have been tested: Micro-Gen Model
SW-15 and Turbair Scamp. Both devices disperse insecticides in droplets much smaller
than those normally found in conventional sprayers. Smaller droplets normally penetrate
foliage and give better contact with the target organism. They have the disadvantage of
not leaving a residual film on foliage for continued killing power after application. How-
ever, initial contact kill usually was sufficient so that no residual control was necessary.

Several insecticides and acaricides were tested. A residue study using Diazinon
AG500 applied with a Micro-Gen unit has already been mentioned. Other insecticides
applied included malathion, Thiodan, Pyrenone Crop Spray, and resmethrin. Pyrenone
contains pyrethrins, and resmethrin is a synthetic pyrethroid. Kelthane and resmethrin
were applied with the Turbair unit.
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Diazinon gave 100% control of leafminer adults. Larval control varied from 66 to 98%,
depending on application rates. Pyrenone and resmethrin gave nearly 100% adult white-
fly kill, but did not control spider mites or green peach aphids. Neither malathion nor
Thiodan gave adequate whitefly kill at the application rates used.

Resmethrin also killed virtually 100% of adult whiteflies when applied through a
Turbair unit. However, Kelthane was not effective in controlling spider mites. There
is some evidence that this may have been a resistant population.

Effect of Leafminers on Yields of Greenhouse Tomatoes

Cooperators: JR. R. Spadafora and W. L. Bauerle

This study is in a very preliminary phase and no data are available at present. Ba-
sic goals are to establish economic injury levels for leafminers on greenhouse tomatoes.
The reasons are: 1) to determine potential population levels, trends, etc, of this pest on
greenhouse crops; and 2) to establish the level at which increases in populations must be
halted.

Establishment of these levels is important for both chemical and future biological con-
trols. Very few insecticides will kill 100% of an insect pest, and for biological control to
be effective, pests must be present at low levels to enable parasites and predators to
survive.

Greenhouse Vegetable Research—1973. Research Summary 66, Ohio Agri-
cultural Research and Development Center, Wooster, Ohio. April 1973.
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MANGANESE TOXICITY IN GREENHOUSE LETTUCE

William L. Bauerle
Department of Horticulture

Ohio Agricultural Research and Development Center

It has been known for some time that heating or steaming soil in an effort to control
soil pathogens also results in the release of toxic quantities of soil manganese. The prob-
lem exists worldwide in greenhouse-steamed soils where manganese is present in the
parent material of the soil. In Ohio, greenhouse growers have been experiencing this
problem ever since steaming was first used for soil sterilization. For this reason, crop
tolerance to high levels of manganese has also been sought and found in the greenhouse
tomato breeding program here in Ohio.

.
Selection of a type of lettuce suitable for greenhouse culture w$s previously worked

on by Prof. I. C. Hoffman at the OARDC. He was familiar with lettuce sensitivity to high
manganese, but was unable to find or incorporate high manganese tolerance in lettuce.

Several factors influence the release and valance state of manganese in the soil, thus
directly influencing toxicity symptoms on lettuce.

Manganese Toxicity Symptoms

Manganese toxicity on leaf lettuce first appears on the lower leaves as a necrosis
(browning) along the leaf margin (Fig. 1) . Tan-colored midrib and lateral veins accom-
pany the leaf margin necrosis when very high levels of manganese are concentrated in the
plant. With high levels of soil manganese, young lettuce plant leaves may be totally
dwarfed, with a crinkled appearance on the lower leaves.

FIG. 1.—Manganese toxicity in lettuce.
Note necrosis along leaf margin.
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Soil Temperature

At a temperature of 150° F « , fixed manganese is converted to a readily available form
(Mn4""1") which can cause injury to plants. This temperature is far below that required
for pathogen control of greenhouse soils. Therefore, if greenhouse soils are steamed,
toxic amounts of available manganese may be released.

Period of Manganese Availability

Manganese can remain high in the soil and can cause toxic effects to lettuce for a
period of 6 months after soil steaming (Fig. 2) . Manganese is the highest right after
steaming. It is gradually made chemically unavailable to the plant until a steady state is
again reached after approximately 6 months.

Forms of Manganese Available

Manganese can be either available or unavailable to the plant, depending on its chem-
ical form. A summary of the different forms is as follows:

Form

1. Water Soluble (Mn++)

2. Exchangeable (Mn"1""1")

Available
to Plant

Yes

Yes

3. Easily Reducible MnO2 No
+ Other Manganese Compounds

When Found
Toxic

to Plant

During and After Steaming Yes

During and After Steaming Yes

After Chemical Conversion No

4. Inert Oxides No In Chemical Combination
with Soil

No

Water soluble and exchangeable manganese are the forms reduced by steaming which
cause toxicity to lettuce plants after the element is taken up by the lettuce roots. Easily
reducible MnO2 can be toxic to plants if a soil becomes waterlogged, causing chemical re-
duction of Mn©2 to Mn++, the toxic form.

Foliar and Soil Analyses

A foliar analysis reading 400 p.p.m. of Mn in the lower leaves is considered to be
the level which causes toxicity symptoms in lettuce. A soil analysis reading of 300+ Ib.
of Mn per acre is considered to be the soil concentration level which causes toxicity symp-
toms. The quantity of manganese necessary to cause toxicity can vary, however, depending
on several other soil chemical reactions. These reactions must also be considered.

Source of Manganese

To date, the only known source of toxic manganese is the greenhouse soil. Peanut
hulls and various forms of fertilizer have been tested for manganese content, but all were
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When working with a soil pH of 7 .2 , the important thing to consider is a pH decrease
through the growing season. If the pH slowly drops through the growing season, a soil
pH of 7.2 after steaming should not cause concern. Generally biological and chemical
actions cause a drop in the soil pH. Only when the pH rises without the addition of lime
should alternative action be considered. All soils tested to date indicate a pH drop through-
out the year. even with the addition of lime after steaming. A pH of 7.2 will not affect
growth of a tomato crop which may follow the lettuce crop.

Effects of Water Application to Soil

After transplanting, lettuce should be thoroughly watered to get the plants started,
but from then on the soil should be kept on the dry side. The reason for this is that if
large amounts of water are applied to the soil, manganese is converted to a reduced state
capable of causing plant toxicity symptoms. By running the soil on the dry side, air or
Dxygen aids in preventing a toxic reduction of manganese and further allows for the con-
version of manganese to unavailable forms.

High Salts

High soil salts cause dwarfed growth of lettuce and can be mistaken for manganese
oxicity. The only accurate way to differentiate between manganese toxicity and soluble
alt toxicity is to determine the amount of each in the soil and the concentrate of manga-
ese in the lower lettuce leaves.

Cultural Practices to Prevent Manganese Toxicity

Several cultural practices should be used together to prevent manganese toxicity
Fter steaming the soil. They are:

1. Lime to a pH of 7.4 with calcium carbonate (limestone) .

2. Steam only long enough to kill soil pathogens and pull covers after steaming.

3. If possible, till the soil after steaming to aerate it.

4. Keep organic matter high.

5. After transplanting and watering lettuce, keep soil on the dry side to reduce
toxicity.

6. If necessary, syringe older lettuce plants to prevent wilting, but do not apply
large amounts of water.
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A PRELIMINARY REPORT ON THE DEVELOPMENT OF A GREENHOUSE
LEAF LETTUCE HARVESTER

Ted H. Short
Department of Agricultural Engineering

Ohio Agricultural Research and Development Center

Leaf lettuce is grown in many Ohio greenhouses, usually in a rotation with tomatoes.
High yields and high quality are possible throughout the winter, but many potential
growers avoid the crop because of the extensive stoop labor required for transplanting
and harvesting. Any machine which could perform at least the stoop portion of these jobs
would be an aid to lettuce growers, even if the total labor force was not reduced. Con-
tinuous creation of better working environments can help growers attract and maintain
high quality labor.

Emphasis is currently being placed on the development of a harvester for greenhouse
leaf lettuce. The machine is based on a batch harvest principle as opposed to continuous
harvesting. Commercial greenhouse lettuce is normally planted in rows 9 inches apart.
.Plants are spaced 7 to 9 inches within the row. The present machine is being designed
to simultaneously harvest and relocate six rows of lettuce in sections 5 feet long. The
entire 54 by 60-inch section may be carried and placed on a table for sorting, cleaning,
and packing.

The harvest mechanism is mounted on'a highly maneuverable Bobcat skid-steer
loader-tractor. It is shown in Figure 1 during an experiment with two of the plant row
holders and cutters in use. Preliminary trials in a commercial greenhouse have indicated
that the plants can be successfully batch harvested without damage. The transfer of
plants from the harvester to the sorting table is currently under development.

FIG. 1.—Two rows of plants
have been cut and are being
held by an experimental leaf
lettuce harvester.
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