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D-ATLANTIC REGION
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A high wnnel is a simple, inexpensive, and highly versatile
structure similar to a greenhouse. High nnels provide a
tremendous number of season extension production
opportunities. A high twanel will offer the opportunity for

the grower 1o get a crop in early in the season, w stay in
production later in the season and possibly o produce a
crop such as greens through the winter. High unnels also
provide protection from rain and hail and can reduce
lisease and pest pressure. In Maryland, the seasonal weather
patterns vary greatly from one vear to the next, and even with
these unheated wnnels it is difficult to confirm exactly the
hest timing and choice of crops. However, with good
planning, variety selection, knowledge of market demand
and close management, this low cost svstem can add another
dimension to a vegetable or small fruit operation.



THE BAasic HiIGH TUNNEL

In a high mnnel system, the mnnel is large
enough for the grower to plant, monitor
and harvest the crop from inside the
structure. Tunnels are usually between 14
and 28 feet wide, 7 1o 12 feet tall at the
center depending on width, and 96 feet
long, (Figure 1). However, the tunnel can
be built in any four-foot interval length.
Tunnels should be no wider than 30 feet,
for good cross ventilation and reduction of
snow accumulation on the roof in the
winter, The gable-shaped frame consists of
metal bows made by bending steel pipe or
wbing, and potential stresses caused by the
weight of snow or heavy wind must be
considered.

Correct construction is the first step to the
successful use of the high wnnel. Investing
the time laying out the corners properly and
preparing the site for construction will pay
off in the long term. The better the wnnel is
constructed, the easier the roll-up sides will
work and the easier it will be to ventilate.
Orientation of the high tunnel will depend
on the availability of land. An East-West
orientation will maximize solar gain, but
orienting the long sides to the prevailing wind
will improve passive ventilation provided by
the roll up sides.

Metal pipes are driven into the ground
approximately 2 feet deep and set every 4
feet of the high wanel length, providing
support for the gable frame. The bows fit
into the ground pipes and are attached by
holts. The ends of the structure can be
plastic or wood on a wood stud frame, but

should be removable 1o allow access for
tillage equipment and to increase ventilation
in the summer. The structure is typically
covered with a single layer of 6-mil
polyethyiene with provisions for rolling up
the sidewalls. The poly is secured onto a
hip board on each side of the high nunnel,
about 3.5 - 5 feet above the soil line,
depending on tunnel width. A vertical
sidewall helps to keep rain out of the tunnel
and when rolled up, provides passive
ventilation. A pipe is then attached to the
loose bottom end of the plastic along the
length of the structure. A “T" handle on the
end of the pipe is used to roll the plastic
onto the pipe 1o open the sides. Cross-
ventilation is assisted by wind and has
proven to be very efficient.

Crops are usually grown directly in the soil
inside the high wnnel and productivity can
be maintained into or beyond the
conventional growing season as long as the
side vents are carefully managed. The crops
that can be grown in the mnnels are limited
only by the producer’s imagination and
market potential. Tomatoes, peppers,
eggplant, greens, radishes, potatoes,
raspberries, strawberries, herbs, cut
flowers, tomatillos, and broceoli are some
of the crops that have been successfully
grown in funnels.

During periods of cold weather the sides
are lowered in the afiernoon to hold heat
and then raised in the morning to vent
before lemperatures inside get too high.
The floor of the structure is covered with a

T-mangdle for rolleng up sldes



laver of 6 mil black plastic or permeable
woven landscape fabric. This helps to raise
the temperare inside the house, control
weeds, and reduce evaporation of soil
moisture. Excess moisture will raise
humidity in the wnnel and may lead 1o
disease problems. Respiration of the plants
will increase humidity at night as the air
cools down, Venting in the morning for

10 - 20 minutes will allow drying of any
condensed water.

High tunnels can reduce the incidence of
some diseases, particularly if trickle-
irrigation tubing is used underneath the
hlack plastic mulch. No water (rain or
irrigation) pets onto the foliage to transport
fungal spores or otherwise encourage
disease development.

EBENEFITS FOR PrRoODUCTION

The use of high wnnels for crop production
creates a microclimate that provides the
opportunity to increase quality. Since the
plants are grown in a structure covered with
one laver of plastic, the foliage, lowers and
fruit do not get wet. This can reduce the
incidence of many diseases. The soil does
not become excessively wet because the only
waler supply io the plants in the mnnel is
trickle irrigation. Since the floor receives no
rainfall, if irrigation is done carefully, the
area between the beds becomes too dry for
weeds to germinate. This allows work to be
done with soil amendment incorporation or
the growing of a cover crop during the
coldest part of the winter. Proper water
management will also help 1o reduce the
incidence of certain root rotting diseases.
The single kver of plastic only reduces light
levels about 10% as compared to growing
outside. Therefore photosynthesis is not
reduced, except in shaded parts of the plant
canopy, Temperatures inside the tunnel are
usually warmer than outside temperatures,
providing the environment for season
extension. The floor in the house will not
Ireeze during most winters,

Passive ventilation is provided by the roll-up
sides that truly make the structure a high
tunnel. This ventikation cools the structure’s
interior and dries the foliage, again helping
o reduce disease incidence. These sides can
be lowered in the evening to hold in heat
and can protect tender plants from blustery
conditions. The structure also will provide a
foundation for the use of plastic netting for
crop support, shade cloth, and row covers
for increased plant protection on cold nights.

PropucTioN CHALLENGES

The use of high tunnels requires an increase
in both the level and the amount of
management required to grow the crop. The
sides must be raised and lowered to regulate
temperature and humidity. Plants must be
irrigated regularly and fertigated as needed.
Plants can be grown on raised beds covered
with plastic or landscape fabric with the
rows in between bare soil, or the entire floor
can be covered with landscape fabric. Unless
supplemental heat is provided, the mnnel
may not be able o provide adequate
protection o the plants after November or
December, depending on the year.

Disease problems may occur in the
protected environment;, therefore,
management of the environment is critical.
Ventilation to avoid high temperatures or
high humidity is very important. The mid-
Atlantic’s unpredictable weather in spring
and fall requires intensive management.
Powdery mildew is one disease that may be
favored by the high tunnel climate and
should be monitored closely.

Insects may also thrive in the microclimate
created for the plants. Without 2 doubt,
integrated pest management (IPM) scouting
must begin when the plants are set out. The
use of beneficials insects may be the most
practical way (o deal with some insect and
mite problems. However, season extenders
can actually be used as physical barriers 1o
keep insects off the plants. For example,
screening the sides 1o exclude insects and
the use of floating row covers that have the
edges secured will prevent many insecls
from reaching the crop.

Pollination for many crops such as
raspherries, strawberries and tomatoes is
provided to a large extent by the large
amount of air movement from side to side.
However, bumble bees or honey bees may
bhe required to maximize production in the
early and late part of the season when the
sides are rolled up less often. Maryland
researchers are currently examining the use
of a honeybee hive placed at the end of a
tunnel with the opposite end open during
the day. The bees flying in and out will stop
off on the various Aowers on their way in
and out each day, which should provide
adequate pollination. Further research
regarding the use of bees is planned.

The following farmer profiles demonstrate
the versatility and value of high minnels in
their overall production and marketing plans.



CALVERT’s GIFT FARM

Jack AND BEckKIE GURLEY

Sailad mix gheens guew veny well, with bighe quality,
as they wene cleaner due to ne splash—upe prreblems.”

Farming 5 acres organic vegetables, high tunnel, cut fowers and transplants

operations with 2 farmers’ markets, a 40-person Community Supported
Agriculture (CSA) operation, membership in a CSA cooperative and
restaurant sales, Our season is Mid-February to late December,

Marketing The high tunnel is useful for early sales of heirloom tomato transplants.
It brings in income in March and April, which are historically our
slow months. The high tunnel is an excellent staging area for our
transplants, primarily tomatoes, eggplants and peppers. We have an
interest in developing an effective rotation for our high tunnels.

Successes with It works well for finishing off transplants. After the tomatoes

high tunnels transplants dre out, we are able to transplant peppers and eggplants
a5 the next crop in the tunnel, these are both difficult vegetables for
us to grow organically outdoors, In the high wnnel we have less pest
pressure especially from flea beetles. Greens were another success
with the high tunnel. Salad mix greens grew very well, with higher
quality, s they were cleaner due to no splash-up problems. There
were no freeze issues in the spring, also,

Challenges with To achieve weed control with greens, we had to hand weed. But this

high tunnels wis good exercise in March that got us in shape for the rest of the
season. Leeks planted in the high tunnel didn’t work.

Words of advice, Figure out how the high minnel fits into your own operation—it must

do’s and don'ts fit into the overall scheme. Timing of plantings—letuce grows

slower than the salad greens mix. The challenge is to have the lettuce
and salad mix ready together. Another challenge is to know when 1o
quit a crop and move onto the next crop. Water management is
critical and so is maximizing space.

Contact Calvert’s Gifi Farm
information Beckie and Jack Gurley
16813 Yeoho Road

Sparks, MD 21152
410-472-6764




KNILL’S FARM MARKET

Jim KNILL

Ve nedlly sell own eanly tomatoes, and they

commandl é belde's puice than the tematees laten

operations

Marketing

Successes with
high tunnels

I]l]aliengﬂ
with high tunnels

Words of advice,
do's and don'ts

Contact
information

in the seasen.”

Hay, small grain, beef cattle, vegetables including sweet corn,
pumpkins, cantaloupes, cucumbers, raspberries and two high
tunnels. We sell through our farm market.

The high winnel extends the season on both ends for our farm
market. Tomatoes have been our best crop with the high tunnel. We
really sell our early tomatoes, and they command a better price than
the tomatoes later in the season. And tomatoes bring in customers to
the farm market. With our limited time we've found it is better to
concentrate on the early market.

It's successful because of its simplicity in design, roll-up sides and
low cost. By adding supplemental heat, we increase the time we can
have tomatoes in the high unnel by three weeks both spring and fall.
We have stayved with tomatoes for © vears in the same high mnnel,
Using improved hybrids that are resistant to diseases, balanced
fertility, and moisture control make this possible. The plastic cover
for dew control really helps. Our high minnel is dormant from the
end of October to mid-March, Never thought we could (or wanted)
to grow tomeatoes all vear round.

We must be very attentive to rolling up the sides, even in May,

It's better to have higher hip sides than the one we have. We put ours
on an incline ideally it would be better on level ground.

Knill's Farm Market
Jim Knill

4001 Watersville Road
ML Airy, MD 21771
201-820-6799
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TETER FARMS

Kim aAND MicHAEL TETER
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VYo ticive been able to grew tomatoes sp2ving,
sunmvner and fall in the ligh tunnel.”

operations

with
high tunnels

Words of advice,

do’s and don'ts

&

Contact
information

5 acres sweel corny 1.5 acres blueberries, two high tunnels for
tomatoes, early snap beans, early potatoes and early peppers. We sell
to two farmers markets in Cumberland on Tuesday and Thursday, and
at the local grocery store on Monday and Friday. We're building our
own farm market stand and hope 1o increase our direct market sales.

Tomatoes, saap beans and potatoes for the early market. Disease
pressure is much lower inside the high tunnel. We have been able 1o
grow tomatoes spring, summer and fall in the high wanel.

Having early tomatoes was the initial reason for purchasing and
building the high tunnels. But we are experimenting with other crops
for the early market also. Our farm was hit with a hail storm last vear
and the only tomatoes we had came from our high tunnel. The high
tunnel keeps out unwanted animals also,

Having good air movement during certain weather patterns in the
spring and fall. When it is cloudy and cool weather, we couldn't roll
up the sides and achieve good air movement.

If you don't have the right soil, the high mnnel won't work. Start
building the high tunnel one year in advance, then prepare the soil.
This entire process takes much longer than you think. Plan to be
able to roll the sides up high for adequate air movement.

Teter Farms

Kim and Michael Teter
1900 lcy Lane
Oldiown, MD 21555
301-478-5220
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SUMMER CREEK FARM

Rick Hoop

BooradEg
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Thie pruudt froom the bigh tunnel was very pretty.”

Farming
operations

Marketing

Successes with
high tunnels

Challenges with
high tunnels

Words of advice,
do's and don'ts

27 acre organic farm, with 2 acres hay, 15 acres of barley, wheat and
sovbeans, b acres of potatoes, tomatoes, hroccoli and asparagus, one
high wnnel and plans for second high mnnel for 2003 season. 1 sell
at a local farmers market and a CSA cooperative.

The high tunnel gets me to market early, especially tomatoes and
peppers. | was two weeks late planting my transplants and 1 still had
tomatoes and peppers for the market by July 3rd.

Tomatoes work very well, peppers worked well also for the entire
season. We were able to wholesale cherry tomatoes. The fruit from
the high tunnel was very pretty.

Construction was a challenge, it was a terrible fight to get plastic on
in the spring because of the constant wind on our farm. Irrigation
and weed control management is a learning process. 1 crammed 5
rows of vegetables in Last season, but will cut back to 4 rows this
season, it was just too crowded. The construction process requires
constant traveling inside the tunnel, and soil compaction is a
problem inside the unnel if construction occurs during wet periods.
Being organic, 1 had to use rough-cut lumber instead of pressure
treated lumber. The rough-cut lumber was cheaper but won't last as
long as pressure treated lumber.

Construction of 4 high tunnel takes longer than you think, so start
early. 1t would be nice to use a laser level to shoot the lines with,
Have the ends ready before you pull the plastic over, it really helps to
keep the wind out of the inside, T will build my next high minnel in
August to reduce compaction problems and have much less wind io
contend with.

Summer Creek Farm
Rick Hood

15209 Mud College Road
Thurmont, MI) 21788
301-271-9399
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HicH TUuNNEL SOURCES FOR ADDITIONAL COFIES OF
THIS PUBLICATION, CONTACT:

Ledgewood Farm Greenhouse Frames
Route 171 Future Harvest — A Chesapeake Alliance for
Moultonboro, NH 03254 Sustainable Agriculture
Phone: 603-476-8829 (Future Harvest — CASA)
Contact: Ed Person RO. Box 337
10#x Market Court
The Geiger Companies Stevensville, MD 21666
Route 63, PO. Box 285 Phone: 410-604-2681 N
Harleysville, PA 19438-0332 Fax: 410-604-2689
Toll Free: 800-443-4437 E-mail: Measa@umail.umd.edu
Toll Free Fax: B00-432-9434 www.futureharvestcasa.org
Maryland Plants and Supplies, Inc. WRITTEN BY
9103-G Yellow Brick Road '
Baltimore, MD 21237 Bryan Butler
Toll Free: 800-248-2818 Extension Educator
Fax: 410-687-3903 Marvland Cooperative Extension
Carroll County Office
A M. Leonard, Inc, anid
241 Fox Drive T e
RO. Box 816 ; :’sgrunulni:;l
Picpit, OH 45350 USDA. ARS

Toll Free: 800-543-8955

Bix: 8004430633 Sustainable Agricultural Systems Laboratory

Beltsville Agricultural Research Center

Nolt's Produce Supplies

152 North Hershey Avenue
Leola, PA 17540 .
Phone: 717-656-9764 .
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Support for this publication and research on
high tunnels in the mid-Atlantic region is
provided by the Small Farm Success Project,
funded hy the USDA's Initiative for Fulure

Penn Suse Seed Conipany Agriculture and Food Systems (IFAFS) program.

Highway 309, RR 1, Box 390
Dallas, PA 18612-9781

Toll Free: 800-847-7333
Fax: 570-675-6562

FOR MORE INFORMATION
v VISIT OUR WEBSITE:

www.smallfarmsuccess.info -

FarmTek Grower Supply

1440 Field of Dreams Way
Draysville, 1A 52040

Toll Free: BO0-327-6835 =
Fax: BOQ-457-88R7
www.FarmTek.com




