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What we’ll cover:

**Why consider High Tunnels?
se*Structures
e Cultivars

**Production Guidelines —
what’s different?




For
perspective:



Presenter
Presentation Notes
Minimum winter temperatures at your site determine in large part which fruit cultivars you can grow successfully. 
Most cultivars of apple and pear trees can withstand winter lows of –25°F (USDA Hardiness Zone 4b).
Sour cherries, plums, and high bush blueberries suffer winter injury when the minimum temperature is lower than –20°F, so they are not reliably hardy beyond Zone 5a.  Brambles will survive these temperatures, but usually will not bear fruit the following season.
Grape cultivars such as Concord can withstand temperatures around –20°F, vinifera-type grapevines survive weather this cold only if buried for the winter.
The wood of sweet cherries and peaches can sustain damage when temperatures approach –20°F, and  the flower buds of peach trees are usually killed when temperatures reach –15°F.  Sweet cherries are usually successful only in Zones 5 and warmer, and peaches in Zones 6 and warmer.
Blackberries relatively few can withstand temperature below –10 °F
During cold winters with little snow cover, unmulched strawberry plants often sustain winter injury. 
Note: USDA Hardiness Zone maps are based on average minimum temperature ranges. Average meaning in extreme years the temperatures may get even colder.


Why Consider High Tunnels?

Advantages Disadvantages

e Extend the season e More management required
e Increase overall plant health — Exceptional growth!

e Improve yield e Increased mite pressure

e Improve fruit quality e Different disease problems
- : — Powdery Mildew




< CSF
Observed Trends in 1-day Very Heavy Climate Smart Farming

Precipitation (1958 to 2012)

The Northeast has
had the greatest
increase in heavy
precipitation in the
United States.

Source: NOAA/NCDC
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Presentation Notes
The greatest increase in these heavy rains is expected to occur in the Northeast, which could prove to be harmful to agriculture productivity.


-
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Climate Smart Farming

Observed Increase in Frost-Free Season Length

climateinstitute.cals.cornell.edu http://climatesmartfarming.org/

Change in Annual Number of Days

0-4 5-9 10-14 15+

The period between the last occurrence of 32°F in the spring and the first occurrence of 32°F in the fall, has increased in
each U.S. region during 1991-2012 relative to 1901-1960. NOAA/NCDC / CICS-NC.


Presenter
Presentation Notes
The frost-free season length, defined as the period between the last occurrence of 32°F in the spring and the first occurrence of 32°F in the fall, has increased in each U.S. region during 1991-2012 relative to 1901-1960. Increases in frost-free season length correspond to similar increases in growing season length. (Figure source: NOAA/NCDC / CICS-NC).





Our goal is to produce local berries over a longer season to
make them more attractive to buyers and local consumers
using the fertile soils and abundant water in the Northeast
and Midwest, and where land is less expensive so crop
rotation can substitute for fumigation. This approach requires
fewer inputs than producing and marketing fruit from specific




High Tunnel Structures
e Single Bay

— easier to Manage for season extension

— BUT = small tunnels leave little room
for error

— May help with overwintering




Rain shelters
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Image taken at Productions Horticoles Demers.



Gutter-connected tunnels
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Presentation Notes
Images on left taken at Polyculture Plante. Image on right taken at Productions Horticoles Demers.



Cultivars




Floricane Variety Performance

Yield No. 1509 Mean Wt. Max/Min
(t/ha) Units/ha
Variety 2010-12 2010-12 2010-12 2010-12

Encore 8.4
10.4
5.5

Killarney

Prelude

Courtesy Dr.
Courtney Weber,
Cornell
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Presentation Notes
See comments on primocane varieties. Generally, fruit size decline in floricane varieties is less pronounced over the season than primocane varieties.


Prelude

e Mid-late June

e Good flavor

e Firm, round

e Double cropping potential
— Primocane fruit is larger

e \igorous

e PRR resistant

Courtesy Dr.
Courtney Weber,
Cornell




Encore

e Large firm fruit

e Good flavor

e |Late July into August
e Susceptible to PRR

e Cold damage from
fluctuating

Courtesy Dr.
Courtney Weber,
Cornell




K81-6

Late season

Very large, moderately
firm fruit

Good eating quality
Good cold hardiness
Susceptible to

Courtesy Dr.
Courtney Weber,
Cornell




Primocane Variety Performance

No. 1509 Mean Wt. Max/Min
Units/ha (9) (9)
2009-11 2009-11 2009-11

Caroline 11.6
12.3
8.9

11.7
Jaclyn s
6.0
Courtesy Dr.

Courtney Weber,
Cornell
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Presentation Notes
Based on 3.44 m between rows and 4100 m/ha total. Note the large number of 150g units represented by the yield. Growers must plan to be sure to have a market and have the refrigeration capacity to handle this volume of fruit. Yield can be spread out over a longer period by utilizing multiple varieties. Primocane varieties tend to have a longer fruiting period than floricane varieties (40-75 days vs. 20-35 days, respectively). 

Fruit size in primocane varieties tends to decrease dramatically from the early season to the late season. 


Raspberry Harvest Timing

Variety July August September October November

Prelude = ——-X- e X---
Killarney
Canby

Moutere

Encore
Titan
K81-6

Autumn Britten

Polka

Joand e K mm o m e

Jaclyn e R —

HimboTop X=mmmmmmmmmmmmomnm e
Courtesy Dr. Carol

aroline e R

Courtney Weber,
Cornell nEEgs e Xmmmmmmmmmmmmmsm e
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Harvest in central NY lasts approximately 6 months from mid-June to mid-November when using high tunnels with very little gap between primocane and floricane varieties at the end of July to early August. 

In open field conditions, the season is reduced by 1 to 2 months depending on first frost in the fall. The gap in the summer between the floricane and primocane types can be much more pronounced, often as much as 2 weeks or more. 


Raspberry Harvest Timing

Variety June  July August September October November
Prelude

Encore

Double Gold

K81-6

Autumn Britten

Polka

Joan J

Himbo Top

Caroline

Heritage e Xmmmmmmmmmmmomnmem e
Crimson Night e Xommmmmmememmme
Crimson Treasure e R

Crimson Giant e Y R

Courtesy Dr.
Courtney Weber,
Cornell
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Newer varieties have expanded the season well into November in central NY and as late as December 1 when conditions are good. 


Autumn Britten

Early season fall
Large fruit
Medium red

Darkens with storage
Firm with good flavor
Very good fruit quality

_. - a YN - [

Courtesy Dr.
Courtney Weber,
Cornell




Polka

Vigorous upright canes
Very high flavor

Bright red fruit
Darkens after harvest

Potato leaf hopper
stunting can be a problem

Courtesy Dr.
Courtney Weber,
Cornell




Himbo Top

Bright red fruit
Good productivity

Can be soft w/ high
temperatures

- Large cavity
Long, weepy fruiting laterals
- Requires extra trellising

Courtesy Dr.
Courtney Weber,
Cornell




Very productive
Very firm

Pasty or jammy
Dark red fruit
Large conic shape
Thornless

Joan J

Courtesy Dr.
Courtney Weber,
Cornell



Courtesy Dr.
Courtney Weber,
Cornell

Heritage

Very good fruit quality
Small/medium size
Good flavor

— Freezes well

Fall bearing standard




Crimson Giant

Very large conic fruit

Very late season
Continues 30 d after Heritage

Good color and flavor

0/17/11 1St harvest-
11/7/11 final harvest

Courtesy Dr.
Courtney Weber,
Cornell
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Presentation Notes
Crimson Giant is a Cornell variety that is very late season variety with large fruit. 


Crimson Night

Mid to late primocane
fruit

Dark red conic fruit

Very sweet distinctive
flavor

Makes dark red jam

Courtesy Dr.
Courtney Weber,
Cornell
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The Cornell variety Crimson Night is a specialty variety for local markets providing product for local growers than can not be found in supermarkets. 


Double Gold

e Peach colored conic fruit
— Freezes pink

e Fairly soft
— Local sales

e Qutstanding flavor

e Very tall, upright plants
— Suitable for double

Courtesy Dr.
Courtney Weber,
Cornell
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The Cornell variety Double Gold is a apricot blush colored raspberry that is a specialty variety for local markets providing local growers product that can not be found in supermarkets. 


Crimson Treasure

e large, firm, bright red, conic
fruit
— 3tobg

e Good flavor and shelf life
e High yield

— 13-15t/ha
e Long harvest period

Courtesy Dr.
Courtney Weber,
Cornell
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Presentation Notes
Crimson Treasure is the newest variety from the Cornell program with a very extended harvest season in central NY from late-August to mid-November. Fruit size is comparable to standard varieties such as Himbo Top, Polka, Caroline and Joan J and larger than Heritage. Shelf life is very good when picked light red. 


Additional Variety Evaluations

Primocane

Anne (weepy, soft)

Rosanne (powdery mildew)
BP-1 (dark)

Niwot (black PF) (double
fruit, powdery mildew)

Floricane

Nova (small)

Lewis (PRR/cold damage)
Squamish (PRR)

Tulamagic (dark, poor form)
Latham (small, soft)
Tulameen (cold damage, PRR)

Courtesy Dr.
Courtney Weber,
Cornell
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Presentation Notes
We have observed many varieties in high tunnels at Cornell and many have defects that make them less than ideal for high tunnels. 


»

Soil compaction and soil biological activity in
tunnels
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Because of tractor use, concentrated foot traffic and high soil moisture from rain, compaction can become significant between rows. 

In most cases, soil compaction is less of a concern between rows inside high tunnels since heavy equipment is not used and soil is usually not wet in alleyways. But this isn’t always the case when foot traffic is high. 

Soil biological activity can be high, particularly since soils are usually moist and receive organic matter inputs through the growth of alleyway vegetation. Alleyways are usually not treated with pesticides. 

Biological activity is usually low within high tunnels because there is no natural organic matter contribution. Growers may have to regularly apply compost/organic matter to maintain biological activity. 


Soil moisture and Soil pH

e Soil moisture in the open field is variable across the season.

e Soil moisture in tunnels can be more tightly regulated so risk
of root disease should be low, unless the site is predisposed
to accumulating water from runoff. Site selection and design
are critical for reducing this risk.

e Soil pH can decrease over time as cations are leached out of
the soil through rainfall and irrigation. This is particularly
true on lighter soils. Supplemental lime eventually may be
required.

e Within high tunnels, soil pH can increase over time as cations
accumulate in the root zone and are not leached by rainfall.




Pest Problems

e Far fewer weeds
e Mites and potato leathopper

o Little fruit rot, but some foliar
disease

e Existing soil Borne disease like




Fertility

e Test and amend soil prior to
planting

 Foliar testing annually

e Timing critical - when leaf
expansion has ceased but
before plants senesce




Age of Amount/timings

Crop planting (actual N)
Raspberries (summer-bearing)
0 25-35 Ib/A, 4 weeks after planting
1 35-55 Ib/A, in May or split between
May and June

2+ 40-80 Ib/A, in May or split between
May and June

Raspberries (fall-bearing)

0 25 Ib/A, 4 weeks after planting

50-80 Ib/A, split between May and
June

70-100 Ib/A, split between May and
June

From Cornell Pest Management Guidelines for Berry Crops

N source

calcium nitrate

urea or ammonium
nitrate

urea or ammonium
nitrate

calcium nitrate

urea or ammonium
nitrate

urea or ammonium
nitrate

Comments

Avoid touching plants with
fertilizers after planting.

Use higher amount on sandier
soils or if irrigation is used.

Use higher amount on sandier
soils or if irrigation is used.

Avoid touching plants with
fertilizers after planting.

Use higher amount on sandier
soils or if irrigation is used.

Use higher amount on sandier
soils or if irrigation is used. Adjust
with leaf analysis.




Pest Management

Diseases
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Presentation Notes
Botrytis grey mold PRR mostly eliminated.   Verticillium and virus diseases still a possibility but with pre-plant attention they should be substantially less risk.  





Pest Management

* Insects
* Mites
e Potato Leaf Hopper
e Spotted Wing Drosophila



Presenter
Presentation Notes
These are some of the most important insect problems in the northeast on raspberries (add mites in high tunnels) – but SWD leads the pack in terms of impact to the industry and difficulty to control.  This pest will require weekly spraying as soon as the berries start to color.  

1. Phytoseiulus persimilus (large, active, specializes on TSSM; prefers higher  temperatures, up to 85 F, and RH over 75%).
2. Neoseiulus fallacis (prefers spider mites but can feed on prey & pollen; prefers cooler temps than P. persimilus).
3. Neoseiulus californicus (prefers spider mites but can feed on prey & pollen; can tolerate hot and dry conditions better than other species). 



Potato Leafhopper Adult Foliar Symptoms of PLH

e Economic threshold/monitoring
-no explicit thresholds

-monitor frequently

e Damage
- distorted leaves, yellowing, stunted growth




ADULT

EGG

POTATO LEAFHOPPER

APR MAY JUN JUL AUG SEP OCT

Overwinter in southern US 1 to 4 generations

1 to 3 generations

1 to 3 generations




Potato leafhopper northern migration in spring
(from Elson Shields, Cornell)




Pest Management

* Insects
e Spotted Wing Drosophila



Presenter
Presentation Notes
These are some of the most important insect problems in the northeast on raspberries (add mites in high tunnels) – but SWD leads the pack in terms of impact to the industry and difficulty to control.  This pest will require weekly spraying as soon as the berries start to color.  


Exclusion Netting



Presenter
Presentation Notes
These photos are from experiments being done in Quebec, Canada.  Similar work ongoing in New York Sate with Dr Greg Loeb.  Exclusion netting can be an investment of ~$10,000 an acre (depending on structure costs) but will eliminate SWD, bird, hail and heavy wind and rain damage.  It can be re-used for at least 7 years if not more.  Work on creating an adaptable structure “kit” is being done in NYS.  Exclusion netting has not been tested thoroughly on raspberries except in high tunnel situation in cooler regions like NYS and New England.  So the impact on this material on disease of rasperries grown just under netting is unknown.  It is also not clear how raspberries grown in Southern high tunnels with exclusion netting will fare – it’s likely that shade cloth and extra fans will be required.  Knee walls should be raised as high as possible to promote ventilation.  

The netting that we are working with is 80 grams in weight.  There is some exclusion netting that is being sold that is 60g and 70g.  We tested 60g netting in the field and found that it’s NOT effective at excluding SWD.  We did not test 70g netting in the field, although preliminary tests were done in a lab setting and it wasn’t found to be fully exclusive.  The netting pictured above is 70g.  Look to Canada for more information on this product.  

The manufacturer of the 80g and 85g netting is Tek-knit Industries, 5780 Royalmount, Montreal, Quebec, Canada, H4P 1K5.  Tel: (514) 344-7255, Sales@tekknitcom.  The US distributor is Berry Protection Solutions, 413-329-5031. email berry protectionsolutions@gmail.com. www.berryprotectionsolutions.com



Air Assist Sprayers
Backpack Manufacturers include:
o Cifferelli
e Solo
e Stihl

Boom sprayer Manufacturers
include:

e Airtec
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Presentation Notes


Very important for raspberry growers to familiarize themselves with spraying equipment and proper protocol.  This insect requires excellent pest management skills.

Single sided machine: This is the backpack Cifferelli from Bdi mounted on a frame  - $3500
Simple, $350 
Cifferelli around $850 
Solo around $1000


Boom is a CIMA from Bdi in Macungie, PA
BDI Machinery sales: http://www.bdimachinery.net/ 




Fixed Spray System




Pruning Objectives

* Increase productivity

e Improve fruit quality

e Reduce impact from pests
* Increase planting longevity

* Improve harvest labor efficiency




Floricane Removal and Cane Thinning

 Reduce insect & disease pressure
* Increase light, air & spray penetration throughout the canopy
 \When removed immediately after harvest:

e summer nutrients goes to next years cane

* Forces farmer to pay attention to plants










Cross Arm Trellis (blackberries)
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The photos in center and on left are a home made cross arm trellis – this works really well.  In the north, the trellis is laid on the ground so that canes can be covered with row cover and snow.  Rodent bait needs to be added when covering to prevent girdling.  Some growers have chosen to NOT cover – they have still had cane damage but are able to manage out of it fairly well.


https://www.tunnelberries.org/

https://blogs.cornell.edu/berries/

https://climatechange.cornell.edu/

QUESTIONS?



https://blogs.cornell.edu/berries/
https://blogs.cornell.edu/berries/
https://climatechange.cornell.edu/
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