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High Tunnel Tomato Production 
 

Ed Weaver – ed@weaversorchard.com 
Weaver’s Orchard Inc., 40 Fruit Lane, Morgantown, Pa. 19543   

  www.weaversorchard.com 
 

Weaver's Orchard in Berks County, Pennsylvania is a fourth generation, 100-acre family farm.  
Like many fruit and vegetable growers trying to survive in today's competitive environment, we 
believe in diversification and direct marketing.  The farm grows a number of fruits and vegetables 
to complement the primary crop of apples.  The farm's on-site market has become a primary sales 
outlet and the farm offers a pick your own option for crops such as blueberries, strawberries, and 
brambles, and for peaches, apricots, plums, nectarines, cherries, apples, and pears.  With these 
features to attract a good clientele to the farm, the business is able to sell half of its farm's 
production retail. 
 
Ed's grandparents purchased the farm in the 1930s.  They grew vegetables, fruits, and tobacco.  
Under Ed's management, the farm produced tree fruit, vegetables, and strawberries until ten or 
twelve years ago, when he added blueberries and brambles. After numerous crop losses to our 
sweet cherries we were searching for a way to protect the crop and discovered the Haygrove high 
tunnel in spring of 2003. We constructed the first tunnels over existing sweet cherry trees.  
 
Haygrove high tunnels are not designed to withstand more than a few inches of snow.  Each 
spring the plastic needs to be put over the structure and then removed in the fall. The plastic used 
is a luminance poly that diffuses the sunlight which helps to reduce temperature as well as gives 
more even distribution of light through the tunnel. Construction time of the tunnels can vary 
between 200 and 250 man hours depending on location and soil structure.  Rocky soil can present 
some challenges.  
 
Venting is one of the most important tasks connected with high tunnels. The weather must be 
monitored daily and venting must be done to prevent spikes in temperature and also to protect the 
crop and tunnel structure from storms.  Venting can be done quickly by pushing the plastic up or 
down on the sides. It can be a difficult decision during threats of thunderstorms whether to fully 
vent the tunnel because of high wind or pull the plastic down to protect from rain.  Our tunnels 
have withstood winds as high as 45mph. There have been reports of other Haygrove tunnels 
surviving 70mph winds. Venting takes place more often early in the season because of colder 
temperatures at night. By the middle of June the plastic is left up unless rain is forecast. As fall 
approaches once again more venting takes place to keep the tunnel warmer at night.  
 
As we became more aware of opportunities for high tunnel crops we decided to plant tomatoes in 
1/4 acre tunnel in 2004. In 2005 and 2006 we planted 700 tomato plants in a new 3-bay Haygrove 
structure that was 120 feet long.  Each bay is 28 feet wide.  5 rows were planted in each bay with 
plants 2 feet apart.  We also planted small numbers of plum tomatoes, grape tomatoes, hot 
peppers and eggplant.  
 



I will refer primarily to the 2006 crop for this presentation. Raised beds were formed and drip 
tape buried prior to laying black fabric weed barrier. The rows were 4.5 feet apart and plants were 
placed 2 feet apart. One row was left open in the middle bay to drive through with small 3 pt. 
Sprayer.  
 
On April 18, 200 Mountain Spring and 100 BHN 589 in 4” pots were planted.  On May 2, 150 
Mountain Spring, 150 Mountain Fresh, 50 Sebring, 50 Carolina Gold, and 50 Health Kick were 
planted.   
 
Plants were staked with 4’ wood stakes and tied with tomato twine throughout the season. 
 
Trickle lines were used for irrigation as well as fertigation. Leaf analysis was done two times 
through the season, and reports used to adjust nutrient applications.  
 
For pollination we walked through occasionally with a leaf blower and other times went through 
shaking the stakes.  We also placed bumblebee hives in the tunnels when we were finished using 
them in some other crops.  
 
For disease control,  combinations of Bravo , Kocide, Manex, Tanos and Curzate were used. 
 
Insects were controlled with use of Lannate , Provado, Danitol and Acramite.  Our most difficult 
pests were thrips and mites. Our structure is located at the edge of our property where a 
neighboring Christmas tree farm is host to many insects and it seemed every time the thrips were 
wiped out they were back in a few days.    
 
The 2004 crop harvested 556 - 25# boxes of tomatoes or about 18.5 lbs per plant (approximately 
2800 boxes per acre).  Quality was split about half # 1 grade and half # 2 grade. We have been 
pleased with the amount of tomatoes harvested but would like to increase the quality. However 
we have not had to deal with the quality issues connected to rainfall in field tomatoes. 
 
One of our big challenges has been excessive vigor which has affected fruit quality.  We continue 
to plant further apart trying to find optimum plant spacing for high tunnels.   
 
We are very pleased with the Haygrove high tunnel.  More information on the high tunnels can be 
found at www. haygrove.co.uk 
 



Producing Tomatoes Organically 
 

Dale R. Mutch (Extension Specialist) and Todd E. Martin (Technician) 
Michigan State University/W. K. Kellogg Biological Station 

3700 E. Gull Lake Drive 
Hickory Corners, MI 49060 

mutch@msu.edu 
 

Ron Goldy and Virginia Wendzel 
MSU Southwest Michigan Research and Extension Center (SWMREC) 

 
Situation 
SWMREC has about four acres of land that have not been in production for five years.  During that five-
year period, we’ve planted cover crops, mostly rye + hairy vetch, on this ground.  No synthetic fertilizer 
or pesticides have been used in this area in more than five years.  
 
On August 17, 2005, cover crops were planted for an organic tomato project.  Four cover crops and a no 
cover crop control were planted in a randomized complete block (RCB) design with four replications.  
Cover crops were the main plot, which was split by compost or no compost treatments.   
 
On August 17, 2006, one-half of the compost was spread at a rate of 2.5 tons/a.  On May 17, 2006, 
another 2.5 tons/a of compost was spread on the compost treatment totaling five tons of compost for the 
growing season.   
 
Cover crop and biomass production were measured by harvesting all plants in a  
2 ft. x 2 ft. quadrant at two locations, selected randomly in each plot.  Biomass of the cover crops were 
collected and sorted on October 20, 2005 and April 27, 2006, where aboveground biomass and weeds 
were separated, dried and weighed. 
 
On May 16, 2006, non-genetically modified organism (GMO) soybean meal at 3,000 lbs/a was spread as 
a nitrogen source.  At a four percent N rate we applied approximately 120 lbs of N/a.   
 
Mountain fresh untreated seeds were grown in 72 cell trays by Anthony Cinzori, a certified organic 
farmer, in his greenhouse.  On May 26, 2006, transplants were set in the field.  Beds were 6 in. high and 
spaced 5.5 ft. on center with an in-row spacing of 1.5 ft. (5,280 plants/a).  Tomato plants were 
transplanted in a north/south direction across the cover crop treatments, which were east/west directions.  
Eight plants per plot were harvested for yield.  Two guard plants bordered each plot.  Plots were irrigated 
as needed and disease and insect pests were controlled by OMRI recommended organic products.  Weeds 
were cultivated and hand-weeded between beds. 
 
Cover crop biomass fall 2005 
The highest above ground biomass was collected from oilseed radish (OSR) without compost.  There was 
no difference between OSR with compost and oriental mustard (OM) with or without compost.  Rye 
produced more aboveground biomass as compared 



to hairy vetch with or without compost.  All cover crop treatments, except hairy vetch, reduced weed 
biomass.  Fall applied compost did not influence cover crop or weed growth (Table 1). 
 
Cover crop biomass spring 2006 
The winter of 2005-2006 was very mild.  OSR still winterkilled, however, the OM plants developed seed 
in the fall of 2005.  We chopped and reseeded the OM plots with rye on Oct. 20, 2005.  The weed 
biomass with and without compost increased more than 3x (Table 2) as compared to the fall biomass 
(Table 1).  OM/rye provided the lowest weed biomass for all treatments.  Rye biomass increased in the 
spring while providing good weed control.  Hairy vetch increased biomass in the spring, but never out-
competed the weed biomass.  All cover crop treatments significantly reduced weed biomass as compared 
to the control no cover crop (Table 2). 
 
There was no significant difference for total yield (no. 1 large and fruit weight) between all treatments 
(Table 3). 
 
The summer of 2006 had consistent rainfall throughout the season.  We learned a lot this summer and 
plan to continue this work next year.  Dr. Goldy recommends that organic tomatoes be picked at less than 
vine ripe so they have less time to be exposed to disease organisms and other potential damage (cracking, 
insects, etc.).  They should be harvested just as they begin to change from green to red.  Internal ethylene 
will cause them to continue to ripen off the plant, but with less exposure to potential damage. 
 
Table 1 
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Table 2 

SWMREC Spring 2006 Biomass

0

500

1000

1500

2000

2500

3000

3500

4000

4500

h. vetch,
compost

rye,
coompost

o. mustard,
compost

o.radish,
compost

hairy vetch,
no compost

cereal rye,
no compost

o. mustard,
no compost

o. radish, no
compost

no cover,
compost

no cover, no
compost

po
un

ds
 d

ry
 m

at
te

r p
er

 a
cr

e

cover crop

weeds

 
 
 
 
Table 3 

 
  



Tomato Pruning and Staking

Stephen M. Olson, University of Florida, North Florida REC, 155 Research Road, Quincy, FL 32351

Pruning:   In most short-stake culture systems some pruning is usually done.  Pruning is the removal of
suckers (axillary shoots) and can vary from no pruning to removal of all suckers up to the first fork
(sucker immediately below the first bloom cluster).  The cost of pruning ranges from $0 to about $40/acre
and comprises a very small part of the total production costs, but this operation can have a very large
impact on yield and quality.

The degree of pruning is variety dependent.  With weak determinate varieties such as ‘Solar Set’,
‘Equinox’, ‘Solar Fire’ and plum types, only minimal pruning is necessary.  With these varieties only the
ground suckers (those located at the cotyledons) need to be removed or none at all.  Heavier pruning
especially to the fork with these varieties will result in significant yield losses and can lead to increased
sunburn fruit, blossom end rot and catfacing.  With more vigorous determinate varieties such as Agriset
761, Fl 91 and FL 47, heavier pruning such as removal of ground suckers plus two additional suckers may
result in increased yields and fruit size.  Again, heavy pruning (removal to fork) has resulted in reduced
yields or no effect.  A second pruning may be necessary to remove late emerging suckers.  Pruning should
be done before first string is applied.  As new varieties are available, growers will need to experiment as
to the proper pruning for each variety.  Many times the seed company that sells the variety will
recommend amount of pruning needed.  It is very important to remove suckers when they are small (2-4
inches) to minimize damage to the plants.

Sanitation is very important, the plants should never be pruned when they are wet.  Working wet plants is
an excellent way to move foliar diseases such as bacterial leaf spot, bacterial speck and bacterial canker. 
Other diseases such as bacterial wilt and Tobacco mosaic can be transmitted through pruning.

For grape tomatoes, no pruning is usually done.
 
Staking:  Staking increases yield and improves fruit quality by keeping plants and fruit off the ground.  It
also improves spray coverage and allows better air circulation so plants dry off quicker.  Staked tomatoes
are also much easier to harvest and less damage is done to the vines.  

For determinate varieties, wooden stakes 1 inch square 48 to 54 inches are used.  A stake is places
between every plant.  Some growers have used a stake every other plane successfully at times but under
extreme rain and windy conditions they may not support the plants enough.  For the indeterminate grape
varieties 1.25 in square stakes 84 to 90 inches long are used and a stake is used between every plant.  For
small acreage stakes may be driven by hand, but larger growers used pneumatic hammers to drive them. 
Stakes should be driven to a uniform depth so the spray booms can be operated in the field without hitting
the stakes.  Staking is usually done as soon after transplanting is done as the stakes will help some as a
wind break.



Tying should begin as soon as the plants reach 12-15 inches tall but before they fall over as picking up the
plants greatly slows the tying process down.  The first string should be about 8-10 inches up the stakes. 
Addition strings are made as needed and are usually spaced 6-8 inches above the last.   It is important to
keep the string tight so that plants do not flop over.   Usually 4 strings are be sufficient for a short-stake
crop.  As with pruning, tying should be down when plants are dry to prevent disease spread.
Select twine that is resistant to weathering and stretching.  Tomato twine is available in 3-4 lb boxes and
about 30 lbs are needed per acre.  The box serves as the dispensing container so it is important not to let
them get wet or damaged.  To help tying, a tying tool, piece of pipe or dowel, is used.  This allows the
worker to control placement of string and tightness.  Proper string consists of tying the twine to first stake
and passing the string along one side of the plants and looping the twine as the next stake is encountered
until end of row or section.  The same process is continued on the other side of the row.  If string are too
tight harvest can be difficult.     



Physiological, Nutritional and Other Disorders of 
Tomato Fruit 

 
Stephen M. Olson, University of Florida, North Florida REC, 155 Research Road, Quincy, FL 32351 
 
 
This publication attempts to describe, give possible causes or explanations and possible controls for 
certain tomato fruit problems.  Color version: http://edis.ifas.ufl.edu/BODY_HS200. 
 
 
Blossom-End Rot.   Blossom-end rot (BER) is caused by a localized Ca deficiency in the developing 
fruit.  It begins with light tan, water-soaked areas which can then enlarge and turn black and leathery in 
appearance.  Most often the problem occurs at the blossom end of the fruit, but on occasion can occur on 
the side of the fruit.  It may also occur internally with no visible symptoms on outside of fruit.  Many 
factors can influence BER.  The following conditions may increase BER: low soil Ca, high N rates, using 
ammoniacal sources of N, high concentrations of soluble K and Mg in the soil, high salinity, low 
humidity, inadequate soil moisture, damage to root system by nematodes, disease or mechanical means or 
heavy pruning.  In greenhouse production not cycling the irrigation system at night can increase BER, 
since night is an important time of Ca uptake.  In Florida, adequate soil Ca is considered to be 300 ppm or 
higher by Mehlich-1 index.  Foliar applications of Ca materials have not proven to reduce BER since very 
little Ca is taken up by the fruit and that taken up by the leaves can not be translocated to the fruit.  
Control is through proper fertilization and good water management. 
 
Catface.  Catfacing is a generic term used to describe a tomato fruit that has a gross deformity and is 
usually not marketable.  The defect is usually located on the blossom end of the fruit.  The deformity is 
caused by something (internal or external) that occurs during the formation of the flower that results in 
the fruit not developing normally.  There is little published information as to the exact cause and there 
actually may be more than a single cause.  Cool or cold temperatures that occur about 3 weeks before 
bloom can increase the amount of catfacing.  In general, jointless varieties are more prone to catfacing 
than jointed varieties.  Heavy pruning in indeterminate varieties has shown to increase catfacing but this 
has not shown to happen in our short-stake varieties.  In indeterminate varieties, this is thought to be 
related to reduction in auxins in the plant from removing the growing points.  Drifts of herbicides such as 
2,4-D can cause fruit to catface.  Heavy thrips feeding on young fruit can cause a type of catfacing.  Also 
fruit on plants that are mildly affected by Tomato little leaf (See EDIS Publication HS-883 for more 
information) are severely catfaced.  There is not that can be done for the control.  Varieties should be 
selected that historically have had little problem for catfacing.  Try to prevent spray drift from undesirable 
chemicals and in the case of little leaf, prevent soils from becoming waterlogged. 
 
Cracking.  Two different forms of cracking occur in tomato fruit.  Radial cracking originates from the 
stem end and progresses toward the blossom end.  Concentric cracking occurs in a ring or rings around 
the stem scar.  It is possible to have both types on the same fruit.  Cracking occurs when the internal 
expansion is faster than the expansion of the epidermis and the epidermis splits.  Varieties differ greatly in 
their susceptibility to cracking.  Cracking can occur at all stages of fruit growth but as fruit matures they 
become more susceptible, especially as color develops.  The more resistant a variety is, the later in 



maturity of the fruit cracking may occur.  Control is through selecting tolerant varieties or by reducing 
fluctuations in soil moisture.  Cracking may also be reduced by maintaining a good foliage cover, since 
exposed fruit are more susceptible.  Wide fluctuation in air temperature can also increase cracking.  
Cracking is more of a problem in a vine-ripe operation versus a mature green operation. 
 
Graywall (blotchy ripening).  Internally graywall is characterized by dark necrotic areas usually in the 
vascular tissue of the outer walls.  The necrosis is sometimes present in the cross-walls and very 
infrequently in the center pith area of the fruit.  Outward symptoms show up as grayish appearance caused 
by partial collapse of the wall tissue hence the term graywall.  It typically develops on green fruit prior to 
harvest but can show up later.  Fruit affected are typically not marketable due to blotchy appearance as 
fruit ripens.  Cause is not completely understood.  There are varieties differences in susceptibility. 
Graywall is more of a problem during cool and short days.  High N may increase problem and adequate K 
may reduce the problem. 
 
Internal White Tissue.  Fruit affected by this disorder usually show no outward symptoms.  When ripe 
fruit are cut, white hard areas especially in the vascular region are present in the outer walls.  Under 
severe conditions, fruit may also show white tissue in cross-wall and center of fruit.  The problem is more 
of a concern with vine-ripe or u-pick producers since fruit picked mature-green and gassed rarely show 
the problem.  High temperatures during the ripening period in the field seem to trigger the problem.  
Adequate K fertilization has shown to reduce but may not eliminate it. Some varieties are more resistant 
to the problem, especially the high colored varieties.  Problem at time may be so severe that fruit are 
unmarketable.   
 
Irregular Ripening.  Irregular ripening is a fruit ripening disorder caused by feeding of nymphs of the 
Silverleaf whitefly (Bemisia argentifolii)on the tomato foliage.  Green fruit show no symptoms but as 
fruit ripens, color fails to develop uniformly.  Color often develops along locule walls with intermediate 
areas remaining green or yellow, producing a star-burst appearance.  With sufficient time, nearly normal 
external color develops on most fruit but internal areas remain hard with little or no color development.  
Fruit affected are unmarketable.  Irregular ripening can occur with as few as four Silverleaf whitefly 
nymphs per terminal leaf.  This disorder can be controlled if nymphs are controlled.  Silverleaf whiteflies 
get its name from damage it does to foliage of squash plants. 
 
Pox and Fleck.  In most cases when a fruit is affected both disorders are found together but are 
considered separate problems.  Pox is described as small cuticular disruptions found at random on the 
fruit surface.  The number can vary from a few to many.  Fleck also know as Gold Fleck, shows up as 
small irregular shaped green spots at random on the surface of immature fruit which turn to a gold color 
as fruit ripens.  Number of spots can vary from few to many.  Fruit severely affected with pox and fleck is 
not marketable.  Both conditions seem to be genetic in nature, but are difficult to breed out of a variety 
since the conditions only show up under certain environmental conditions.  There seems to be some 
differences of opinion as to the conditions for the problem to show up.  There are differences between 
varieties as to susceptibility to pox and fleck. 
 
Puffiness.  When this problem is slight, it may be impossible to detect puffiness until fruit are cut.  
Severe puffy fruit will appear to be flat sided or angular in nature.  When fruit are cut, open cavities open 
cavities are observed between the seed gel area and the outer wall.  Fruit are also very light in relation to 



size.  This problem is caused by any factor that affects fruit set.  This can be due to inadequate 
pollination, fertilization or seed development.  Most common causes in Florida are too low or high of 
temperatures during fruit set.  Use of “hot set” varieties can reduce the problem but even these have 
limitations when night temperatures get above about 75 F.  Other factors such as high N, low light or 
rainy conditions can also cause seed set problems. 
 
Rain Check.  Rain check can be described as tiny cracks that develop on the shoulder of the fruit.  These 
cracks can vary from just a few to almost complete coverage of the shoulder.  The cracks feel rough to the 
touch and affected areas can take on a leathery appearance and not develop proper color as fruit ripens.  
Green fruit are most susceptible, followed by breakers and ripe fruit are not affected at all.  Damage 
occurs most often on exposed fruit after a rain.  Exact cause is not known, but appears to be related to 
exposure of the fruit to water.  Problem is more severe when heavy rains occur after a long dry period.  
There are differences among varieties to susceptibility to rain check.  Also varieties with good leaf 
coverage usually have less rain check. 
 
Sunscald.   Sunscald can be broken down into 2 types, they are sub lethal and lethal.  Sub lethal sunscald 
can be described as a yellow, hard area usually on the shoulder of the fruit.  This occurs when tissue 
temperatures rise above about 86 F.  The high tissue temperatures will not allow the red pigment to 
develop nor flesh to soften but allows the yellow pigments to develop.  With lethal sunscald, the tissue 
turns white and dies.  Many times the dead tissue will turn black from fungi that are feeding on the dead 
tissue.  Lethal sunscald occurs when tissue temperatures rise above 104 F.  Damage usually occurs when 
fruit are suddenly exposed to sunlight.  This most frequently occurs after a harvest or a storm when leaves 
are moved around and fruit exposed.  Over pruning can also increase sunscald problems especially with 
fruit in the upper part of the plant.  Also good spray programs to ensure good foliage cover can reduce 
problem.  Growers at times may use a sun screen material such as Snow or Surround to help reduce 
sunscald. 
 
Tomato Spotted Wilt Fruit Damage.   When infection is early in season, fruit fail to set or are severely 
deformed and may have cracks or concentric rings on fruit.  If disease hits later in season it may be 
impossible to see any damage on green fruit, but after ripening, yellow rings or blotches may show up 
rendering the fruit unmarketable.  This is a severe problem when fruit are picked mature green, gassed 
and shipped out, since the discoloration may not show up until it reaches terminal market and load is 
rejected because of discolored fruit.  The discoloration is only on the surface and center of fruit will ripen 
normally.  Control of fruit problems is through control of virus of vector.  Research has shown that 
control of primary infection is not possible with insecticides but control of secondary infection is possible 
through good spray schedule and selection of materials that will control thrips.  Recent research has 
shown that primary infection can be reduced with production on highly UV-reflective (metalized) 
mulches and use of Actigard in production system.  Resistant varieties are available but at times the 
foliage may not show symptoms but the fruit may, rendering it unmarketable. 
 
 
 
 
Western Flower Thrips Oviposition Damage.  This injury is characterized by a small dimple often with 
a white halo around the dimple.  The injury is caused by the female Western Flower Thrips (Frankliniella 
occidintalis) (WFT) inserting an egg into the fruit when the fruit is very small.  Many times the bloom has 
not yet shed the corolla when the injury occurs.  The number of dimples can vary from a few to very 
many.  Numerous dimples can result in the fruit being reduced in grade.  Damage is mostly on the surface 
and does not go very deep into the fruit.  Dimple does persist throughout the life of the fruit but halo area 
may go away when fruit ripens.  Control is through management of WFT. 
 



Zebra Stripe.  Zebra stripe can characterized as a series of dark green spots arranged in a line from the 
stem end to the bloom end.  At times it seems the spots coalesce together and form elongated markings.  
Many times the dark green areas will disappear when fruit ripens.  This problem seems to be variety 
related.  It is probably a genetic defect that only shows up under certain environmental conditions.  Zebra 
stripe may be linked to pox and fleck. 
 
 
Zippering.  Zippering is described as a fruit having thin scars that extend partially or fully from the stem 
scar area to the blossom end.  The longitudinal scar has small transverse scars along it.  At times there 
may be open holes in the locules in addition to the zipper scar.  Cause is usually by an anther that is 
attached to the newly forming fruit causing the zipper scar.  Some people feel that a zipper is formed 
when the “blooms” stick to the fruit and does not shed properly but this may not be a cause.  Only control 
is to select varieties that are not prone to zippering. 




