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Alternatives to consider on your 
Strawberry farm

Telone-C35
Metam Sodium
Telone-C35+Metam Sodium (heavy weed pressure)
Chloropicrin + Metam Sodium or Herbicides

InLine (=EC formulation of Telone-C35)

(metam sodium = Vapam, Sectagon, Meta-CLR)



DOING AN ON-FARM TRIAL
For example: 3 treatments

Harvest area

Non-randomized

Prefer non-fumigated row(s) – do you need to fumigate?

Randomize



2005 ON-FARM-TRIALS

Site 1: North Carolina (Jones Co.)
Cooperators: Mark Seitz – Agent; Larry Ipock -
Grower 

Design: 200 foot rows, 30 inch beds, 60 inch row 
spacing; Randomization with 3 reps.

Treatments: MB, Telone-C35, Chloropicrin 
99%











2005 ON-FARM-TRIALS

Site 2: Watkinsville, GA
Cooperators: Dr. Phil Brannen – Plant 
Pathologist, James Washington - Grower

Design: 500 foot rows, 32 inch beds, 60 inch row 
spacing; Randomization with 4 reps.

Treatments: MB, Telone–C35 + Vapam HL















2005 ON-FARM-TRIALS

Site 3: Virginia Beach, VA
Cooperators: Cal Schiemann-Agent, G.W. 
(Wink) Henley-Grower

Design: 290 foot rows, 26 inch beds, 60 inch row 
spacing; Randomization with 4 reps.

Treatments: MB, Telone –C35, Chloropicrin 
99%













2004 ON-FARM-TRIALS

Site 3: Virginia Beach
Cooperators: Cal Schieman, Wink Henley

Design: 250 foot rows, 26 inch beds, 60 inch row 
spacing; Randomization with 4 reps.

Treatments: MB, Telone-C35, Chloropicrin







Percent Percent

Crown Crown Leaf Leaf dry Root dry root rot root hair

Rep Trt. # Plant Source Bed Width Number
dry wt 

(g) area weight (g) weight (g) serverity rating

A 1 Telone-C35 + Vapam HL 17.0 gal/A + 37.5 gal/A 

A 2 Methyl Bromide 67:33 200.0 lb/A

B 1 Telone-C35 + Vapam HL 17.0 gal/A + 37.5 gal/A 

B 2 Methyl Bromide 67:33 200.0 lb/A

C 1 Telone-C35 + Vapam HL 17.0 gal/A + 37.5 gal/A 

C 2 Methyl Bromide 67:33 200.0 lb/A

D 2 Methyl Bromide 67:33 200.0 lb/A

D 1 Telone-C35 + Vapam HL 17.0 gal/A + 37.5 gal/A 

Data Recording Form





























































































































































Black Root Rot of Strawberry
and

Phytophthora crown rot

NC STATE UNIVERSITY



Root Rot (B). Close up of diseased root (C,D). Observe fungal mycelia in D.
Strawberry healthy roots (A) as compared with those of Black 

B

C D

A



RHIZOCTONIA SPP.,
FUSARIUM SPP.
OTHER FUNGI

PYTHIUM SPP.
OTHER FUNGI

CMA 

ALKALINE WATER AGAR (AWA)

CORN MEAL AGAR + ANTIBIOTICS 
(PARP)

PDA 30 

GRASS -LEAF-WATER

Procedure



VOL-116 AG-I

PL158  AG4-HGIII

Monilioid cells of R. fragariae= A, B, C, and R. solani = D

FL-48 AG-A

FL-12 AG-G

A B

C D



P. ultimum

P. irregulare

PythiumGroup “F”

P. spinosum
Anamorph stage (A), Sporangium (S), vesicle (V) and teleomorph (T) , 
Antheridium(A), Oogonium(Og), and Oospore(O) of Pythium spp.

S

S

S
V

A

OgO
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FL90 AG-G VOL116 AG-I

PLY176 AG-A PLY158 AG4 HGIII-

Fig. 3 . Colony morphology of R. fragariae = A, B, C, and R. solani = D in PDA 30 

A B

C D



Pathogens to Control

• Rhizoctonia fragariae : AG-G, AG-A, AG-I
• Pythium irregulare, Pythium spinosum,

Pythium artotrogus, Pythium HS
• Fusarium solani and Fusarium oxysporum



Table 1.  Distribution of organisms isolated from strawberries affected with 
 Black root rot disease in North Carolina.  Year 1998

FUNGI                                                     LOCALITIES
FLETCHER VOLLMER PLYMOUTH CLAYTON TOTAL

 Rhizoctonia spp. 50 15 9 2 76
       R. fragariae 30 15 6 2 53
                                A 11 7 3 21
                                I     3 3
                                G 10      10
                   unknown            9 5 2 2 18
        R. solani AG4-HGIII 1
        Rhizoctonia sp. 20      3 23
Pythium spp. 12 9 21 47 89
        P. artotrogus 4 1 5
        P. irregulare 1 6 23 30
        P. paroecandrum 1 1
        P. ultimum     1 1
        Pythium “F”         3 4 7
        Pythium “HS” 2 2
        Pythium sp. 10 10 23 43
Fusarium spp. 7 4 13 9 33
        F. oxysporum 1 2       3
        F. solani 2 6 1 9
        Fusarium sp. 4 2 7 8 21
OTHERS 10 7 8 21 46
Alternaria sp. 2 2
Aspergillus sp. 1 2 3
Cephalosporium sp 2 3 5
Cylindrocarpon sp. 1 1
Cylindrosporium sp. 1 1
Epiccocum sp. 3 3
Mucor sp. 7 2 1 6 16
Penicillium sp. 1 3 7 11
Trichoderma sp. 3 1 4

TOTAL OF ISOLATES 244

Abad, Louws, 
Grabowski, 
Fernandez



Phytophthora  Crown Rot:









Tomato Diseases

NC STATE UNIVERSITY
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Verticillium race 1
Verticillium wilt race 2
Southern bacterial wilt
Fusarium race 1
Fusarium wilt race 3
Southern stem blight
Root knot nematodes
Phytophthora 
Pith necrosis
Pythium root rot
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Tomato Disease



PRIMARY SOILBORNE DISEASES
Verticillium wilt     race 2



Southern bacterial wilt



Fusarium wilt race 3



Southern Stem Blight



DAMPING OFF







PEPPER PHYTOPHTHORA CROWN & ROOT ROT



SYMPTOMS: FOLIAR BLIGHT/FRUIT ROT



SYMPTOMS: PROCESSING/FRESH





Plant Back DRIP SHANK

Telone-C35 21 days

21 days

14-21 days

Vapam / K-Pam 14-21 days Yes Yes

Midas (iodomethane) 7-14 days Yes Yes

SEP-100 (sodium azide) 14 days Yes No

Propozone (propylene 
oxide)

14-21 days Yes Yes

No Yes

InLine Yes No

Chloropic Yes Yes

Fumigants and Methods of Application



30 inch beds on 5 foot centers
=2.5 ft wide beds and 2.5 ft wide alleys

43560 sq ft per acre/2.5 feet bed width
= 17,424 but only half is under plastic
=  8,712 linear feet under plastic/physical acre
= 21,780 sq. ft is treated

Telone C35 Broadcast application Rate
35 gallons/acre

Thus, we would apply T-C35 at a rate of 35 
gallons/treated acre (43560 sq. ft; 17,424 linear 
feet with 2.5 foot beds). In this case, this one 
acre block with 21,780 sq. ft under plastic will 
receive 17.5 gallons of product. Treated acre 
means the actually land area treated. 

Q: How much product would be dispensed if the 
grower treated 2178 linear feet?

d d d d d d

8 rows covering 1 acre block

R
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What does the application rate mean? 



Injection of Chemicals into 
Drip Irrigation Systems

Garry L. Grabow, PhD, PE



Overview

• Principles of Chemical Injection
• Injector Types
• Operation
• Example



Potential Benefits

• Better than shank injection (Guo, et al.1)
• Can use prior to plant and post plant (herbicide)
• No additional equipment if already have a drip 

system with injection unit

1J. Environ. Qual. 33:2149-2156 (2004).



Injection Considerations
• Better to inject over 

whole duration of 
irrigation rather than in a 
“slug” of chemicals 
introduced at first of 
cycle-leave enough time 
to flush chemicals out of 
system

• May want to use multiple 
cycles



Injection Considerations
• Limit injection time to 

prevent over-application 
of water that will leach 
chemicals



Drip Lines
Manifold

Flow Meter

Filter

Chemical Tank

Valve/Pressure Regulator

From Water Supply

Main Line
Drip Lines

Manifold

Flow Meter

Filter

Chemical Tank

Valve/Pressure Regulator

From Water Supply

Main Line

Dispersion



University of Florida1

Each concentric circle is 2-hour irrigation cycle

11 Nematode Management in Commercial Vegetable Production
J.W. Noling, 2002



Water distribution along drip line

4-inch emitter spacing 12-inch emitter spacing



Wetting Patterns



Application rates

• Actual wetted area may 
not be full bed width

• Application rates may 
have to be adjusted from 
broadcast rates

ratebroadcast
spacingrow

widthwettedDripRate ×=



Venturi Injector







Venturi Injector

• Cheap
• Injection proportions 

6:1 to 50:1
• Will need a bigger 

stock tank, unless on 
bypass system

• Best to calibrate these 
injector types



Dosatron

• Water pump – no 
electricity required

• Proportional injector 
1:64-1:500

• Models designed for flow 
rates of .1 to 500 gpm

• Don’t allow for acid 
injection normally



Dosatron



Metering Pump

• Positive displacement
• Flow does not vary with 

system pressure
• Some units are variable 

speed and interlinked 
with system to vary 
injection rate

• Can do low rates (acid)



California

Nitrogen pressurized cylinder with fumigant



August 2003 
Revisions



NC Regulations
Proportional Injector



NC Regulations
Venturi





Tifton Georgia





Injecting the proper amount

• Target may be 
• Mass per area (e.g. lbs/acre)
• Concentration (more typical for chlorine)



Injecting the proper amount
• Sources of dilution

• Stock solution (diluted raw chemical)

• Injection ratio
• Bypass flow



Injecting the Proper Amount

• Convert pounds of formulated material to 
pounds of active ingredient

• Dissolve material required into stock solution, 
e.g. lbs/acre x acres to be treated 
(gal/acre=lbs/acre / lbs/gal)

• Adjust volume of stock solution (dilution) and/or 
injection ratio to obtain adjust application 
duration



Injecting the Proper Amount
Calibration

• May be easier (and better) especially if you 
have bypass flow to calibrate

• Measure volume of solution injected and 
volume of total flow over set period of time



Example

Given:  a 3-hour injection period to apply 0.4 
inches of water (total area basis).  You wish to 
inject for 2.5 hours

What is the injection rate (gallons per hour) 
required to apply 200l/ha (21.4 g/acre) to 10.0 
acres

What if the rate were 200 lbs/acre?



MIDAS



MidasTM, (Iodomethane, TM-425)
Chemical Name: Iodomethane, (Methyl Iodide)
Product Type: Soil Fumigant
Family of Chemistry: Alkyl Halide
Geography: World-wide
Signal Word: Danger-Poison
Toxicity Class: I

Formulations: 98:2   Iodomethane:Chloropicrin
other

Target Pests: Weed seeds, plant parasitic nematodes, soil-born 
fungi and bacteria

Crops: Strawberries, fresh market tomatoes, peppers, cut 
flowers and bulbs, trees, conifer nurseries, vines, 
turf, and other

Comments: Toxicology and efficacy studies are ongoing.
Earliest plant back 7 days  
REI 36 hours



Application InformationApplication Information
•• Factors to considerFactors to consider……

–– Pest identification and incidencePest identification and incidence
•• Disease, weed seeds, nematodes and insectsDisease, weed seeds, nematodes and insects

–– Soil typeSoil type
•• Heavy to light textureHeavy to light texture

–– Ground preparationGround preparation
•• Tilth, presence of plant / weed trash Tilth, presence of plant / weed trash 

–– EnvironmentalEnvironmental
•• Temperature, moisture contentTemperature, moisture content

•• Soil Pathogens 120 Soil Pathogens 120 –– 175 lbs/A175 lbs/A
•• Nematodes 100 Nematodes 100 –– 150 lbs/A150 lbs/A
•• Weed Seeds 100 Weed Seeds 100 –– 150 lbs/A150 lbs/A
•• Insects 100 Insects 100 –– 150 lbs/A150 lbs/A



Application Methods

Flat Fume / Broadcast

Bed Shank

Drip Injection

Tarp:
Standard or VIF
Shallow to 12” – required
Deep +18” - Optional



Iodomethane Efficacy Iodomethane Efficacy 
ComparisonComparison

Data listed on the following slides represents efficacy trials 
conducted by University, USDA-ARS and Private Contractors. The 
rating system is compiled to show the technical feasibility between 
Iodomethane and Methyl Bromide

(+) = Comparable: Iodomethane control is lower than 
Methyl Bromide’s but not statistically different

(++) = Equal: Iodomethane control is at least equal to but 
not statistically different from Methyl Bromide’s

(+++) = Better: Iodomethane control is statistically 
greater than Methyl Bromide’s



MIDAS Nematode ControlMIDAS Nematode Control
Pratylenchus sp.Pratylenchus sp. ParatrichodorusParatrichodorus spp.spp.
Lesion nematode ++Lesion nematode ++ Stubby root nematode ++Stubby root nematode ++

Belonolaimus sp.Belonolaimus sp. TylenchorhynchusTylenchorhynchus spp.spp.
Sting nematode ++ Sting nematode ++ Stunt nematode ++Stunt nematode ++

Meloidogyne incognitaMeloidogyne incognita
Root knot nematode ++Root knot nematode ++

Heterodera schachtiiHeterodera schachtii
Cyst nematode +++Cyst nematode +++

Xiphenema americanumXiphenema americanum
Dagger nematode ++Dagger nematode ++

Tylenchulus semipenetransTylenchulus semipenetrans
Citrus nematode ++Citrus nematode ++

Paratylenchulus spp.Paratylenchulus spp. Overall Rating = ++Overall Rating = ++
Pin nematode ++Pin nematode ++

Aphelenchoides spp.Aphelenchoides spp.
Bud and Leaf ++Bud and Leaf ++

(+) = Comparable   (++) = Equal    (+++) = Better 

http://sun.ars-grin.gov/ars/Beltsville/barc/psi/nem/rms-pb.jpg


MIDAS Disease ControlMIDAS Disease Control
Verticillium dahliae +++Verticillium dahliae +++
Phytophthora cactorum +++Phytophthora cactorum +++
Phytophthora cinnamomi  +Phytophthora cinnamomi  +
Phytophthora citrophthora ++Phytophthora citrophthora ++
Fusarium oxysporum ++Fusarium oxysporum ++
Rhizoctonia solani  +++Rhizoctonia solani  +++
Pythium ultimum  ++Pythium ultimum  ++
Pythium aphanidermatum ++Pythium aphanidermatum ++
Gliocladium virens ++Gliocladium virens ++
Colletotrichium gloesporioides ++Colletotrichium gloesporioides ++
CylindrocladiumCylindrocladium spp. ++spp. ++
Sclerotinia spp. ++Sclerotinia spp. ++

Overall Rating = ++Overall Rating = ++
(+) = Comparable   (++) = Equal    (+++) = Better 



MIDAS Weed Seed ControlMIDAS Weed Seed Control
Mallow ++Mallow ++
Nutsedge ++Nutsedge ++
Bluegrass ++Bluegrass ++
Rye ++Rye ++
Sowthistle +++Sowthistle +++
Bermuda ++Bermuda ++
Purslane ++Purslane ++
Vetch +Vetch +
Filaree +Filaree +
Groundsel +Groundsel +
Lambsquarters ++Lambsquarters ++
Pigweed ++Pigweed ++
Crabgrass +Crabgrass +
Carpetweed +++Carpetweed +++

Overall Rating = ++Overall Rating = ++

Bindweed +++Bindweed +++
Knotweed ++Knotweed ++
Chickweed ++Chickweed ++
Mustard ++Mustard ++
Spurge +Spurge +
Nettle +Nettle +
Clover ++Clover ++
Hairy Nightshade ++Hairy Nightshade ++
London Rocket ++London Rocket ++
Pineapple Weed ++Pineapple Weed ++
Shepherds Purse ++Shepherds Purse ++
Skunk Weed ++Skunk Weed ++
Volunteers ++Volunteers ++

(+) = Comparable   (++) = Equal    (+++) = Better 



IR-4 Support Request

• EPA has agreed to consider an  “All 
Crops” registration based on a reduced 
site and crop residue program for 
Iodomethane

– CHEMSAC has approved this protocol
– No parent residues present in Tomato and 

Strawberry 



All Crops Rationale

• D. Thompson proposed a 1X and 3X use 
rate on wheat and radish 

• Radish is a root crop, short season, 
maximum opportunity to accumulate 
residues

• Wheat is a crop that often picks up residues 
when other crops do not

• 5 locations proposed, major geographic 
regions (FL, CA, MI/OH, OR/WA, NY/NJ )



Registration Timeline
• EPA

– EPA is committed to give a registration 
decision by the end of 2003.

• STATES
– Florida – Awaiting US EPA decision.  

• No delay in registration expected.
– California – Is considering a conditional 

registration based upon favorable Interim 
Chronic study (2004) results.



Moving California East
an analysis of the plasticulture 
system for vegetable 
production 

Doug Sanders
Horticultural Science
NC State University



Agroenvironmental Differences
physical

Back East
▼Soil moisture-

erratic
▼Temperature-

less differential
▼Soil nutrients-

less CEC=2-30

California
▲Soil moisture-

steady
▲Temperature-

more  diurnal 
change

▲Soil nutrients-
more CEC=10-
45



PLANTS RESPOND QUICKLY

TOMATO WATERMELON



PLASTICULTURE    CROP GROWTH  



How Plasticulture Changes the 
Agroenvironment
Warmer soils
Less evaporation
Greater carbon dioxide 
Cleaner fruit
More consistent soil moisture
Nutrients on demand
Warmer air 
Altered light quality
Pest populations



How Plasticulture Changes the 
Agroenvironment

Warmer soils



Warmer soils
Soil temperature C @ 50 mm
Warmer soils
Soil temperature C @ 50 mm
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How Plasticulture Changes the 
Agroenvironment

Warmer soils
Less evaporation



How Plasticulture Changes the 
Agroenvironment

Warmer soils
Less evaporation
Greater carbon dioxide 
Cleaner fruit



Cleaner fruit



How Plasticulture Changes the 
Agroenvironment

Warmer soils
Less evaporation
Greater carbon dioxide 
Cleaner fruit
More consistent soil moisture



BEFORE DRIP



IMPROVEMENT WITH DRIP 
More consistent soil moisture



How Plasticulture Changes the 
Agroenvironment

Warmer soils
Less evaporation
Greater carbon dioxide 
Cleaner fruit
More consistent soil moisture
Nutrients on demand



Fertilizer injectors

Piston injectorWater drive 
injector



Fertilizer Sources for Drip
Material Solubility
calcium nitrate (15.5-0-0) 8.51
potassium nitrate (13-0-44 or 46) 1.08
ammonium nitrate (34-0-0) 9.84
sodium nitrate (16-0-0) 6.08
urea (29.9-0-0) 6.51
diammonium phosphate (6-17-0)     3.58
nitrate of soda potash (15-0-14) 9.80
potassium thiosulfate (0-0-25) 11.00



EXCESSIVE GROWTH
TOO MUCH NUTRIENT



How Plasticulture Changes the 
Agroenvironment

Warmer soils
Less evaporation
Greater carbon dioxide 
Cleaner fruit
More consistent soil moisture
Nutrients on demand
Warmer air 



ADD WHITE WHEN AIR TEMP>30 

PAINT WORKS ALSO



Air temperature
Mulch and row cover 
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How Plasticulture Changes the 
Agroenvironment
Warmer soils
Less evaporation
Greater carbon dioxide 
Cleaner fruit
More consistent soil moisture
Nutrients on demand
Warmer air 
Altered light quality



LIGHT QUALITY



Altered light quality

RED PLASTIC RED PLASTIC



PAINT ALTERNATIVE 



How Plasticulture Changes the 
Agroenvironment
Warmer soils
Less evaporation
Greater carbon dioxide 
Cleaner fruit
More consistent soil moisture
Nutrients on demand
Warmer air 
Altered light quality
Pest populations



Pest populations
Weeds



Pest populations
Weeds

NEARLY CLEAN HERBICIDES PRIOR 
TO CROP



WEED SPRAYERS



Pest populations
Diseases



Pest populations
Diseases

RHIZOCTONIASOUTHERN BAC. 
WILT



Pest populations
Diseases

NEMATODES NEMATODES



tomatoes



PLANTS RESPOND QUICKLY

TOMATO WATERMELON



COMMERIAL TOMATO FIELDS

NC/TN FIELD FLORIDA



Average Yield Response to 
Plasticulture (per acre)

Crop Plasticult.  Inc.of NC  NET inc
E cantaloupe  6000 fruits    4X        $1500 
W cantaloupe 15000 fruits  5X          2400
Cucumbers       1200 bu  5X         4000
Pepper             2000 bu 4-6X       4000
Squash              800 bu 4X         2400
Tomato          25-3500 Ct  3X         6000
Watermelon    3000 fruits    4X         1200



NONE VS PLASTIC vs DRIP



PLASTIC W        WO DRIP



Total season mkt tomato yield from 
drip and black plastic mulch 

Bare ground Black plastic
Year - Irr. + Irr. - Irr. + Irr.

(T/A)
normal 70.1    76.6 80.3 77.8
early dry     58.8    66.4 58.6    97.0*
late dry 51.8    97.6* 56.2   107.3*
LSD(0.05) plastic=8.5;  irrigation=14.7
T/A x 80=25 lb ct/A



Tomato net returns from drip 
and black plastic

Bare ground       Black plastic 
Year -Irr. + Irr. - Irr. + Irr.

($1,000/A)       
normal 13.2 13.8 14.5    13.9
dry early 7.9 9.2 7.4 14.2
dry late 7.3 15.1 7.7 16.4

LSD(0.05) irr. = 3.1.  LSD(0.05) plastic = NS   



Plastic-no drip



Plastic & drip influence pepper
early total yield (box/A)

Plastic
Drip
centibar

Not dry
YR 1

Dry early
YR 2

Dry late
YR 3

No No 212c 572e 249c

No -0.3 314bc 847cd 886b

Yes No 515a 772de 165c

Yes -0.3 575a 1176ab 1219a



Plastic & drip influence pepper
early return ($/A)

Plastic
Drip
centibar

Not dry
YR 1

Dry early
YR 2

Dry late
YR 3

No No 2195c 6288d 2689d

No -0.3 3184bc 9260cd 9025a

Yes No 5804a 8225de 1982c

Yes -0.3 5782a 12398ab 10831a



Muskmelon K and N sources

Treatment Mkt No.   Avg Wt      S S
KNO3 + Ca(NO3)  6045 4.9 9.3
KNO3 + NaNO3 6536 4.1 9.5
KNO3 + Trisert CB 6095 4.2 8.6
KTS + Ca(NO3)2    6435 4.5 8.7
KTS + NaNO3 5990 4.4 8.4
KTS + Trisert CB    5614 4.0 9.3
LSD 1385 ns0.7 ns     1.1 ns



?PLASTIC QUALITY?



OTHER CROPS

STRAWBERRIES STAKED EGGPLANT



OTHER CROPS

SEEDED BEANS BEAN SEEDER



Second crops



SPECIAL STUFF



SPECIAL STUFF



Fertilizer injectors

TMB injector Small venturi



Fertilizer injectors

Piston injectorWater drive 
injector



FERTIGATION EQUIPMENT

Water drive 
injector

Backflow 
prevention



TECHNOLOGY/EQUIPMENT



TECHNOLOGY/EQUIPMENT



TECHNOLOGY/EQUIPMENT



PLASTIC EQUIPMENT



FILTRATION FOR DRIP



FILTRATION FOR DRIP



DRIP PRESSURE REGULATORS



SPECIALIZED EQUIPMENT



SPECIAL CULTURAL NEEDS

Drain ends Lateral drains needed



How Plasticulture Changes the 
Agroenvironment
Warmer soils
Less evaporation
Greater carbon dioxide 
Cleaner fruit
More consistent soil moisture
Nutrients on demand
Warmer air 
Altered light quality
Pest populations



BROCCOLI
COLLARDS
CABBAGE

LETTUCE
ONIONS

LETTUCE
+ONIONS

SNAP BEANS
G. PEAS

S. SQUASH
CUCUMBER

HOT SET
VARIETIES

OF
TOMATO



BROCCOLI
COLLARDS
CABBAGE
S. PEAS

LETTUCE
ONIONS

LETTUCE
+ONIONS

SNAP BEANS
G. PEAS

S. SQUASH*
CUCUMBER*

CANTALOUPE
TRANSPLANT



BROCCOLI
COLLARDS
CABBAGE

LETTUCE
ONIONS

LETTUCE
+ONIONS

SNAP BEANS
G. PEAS

CUCUMBER*
S. SQUASH*

SUMMER
SQUASH

OR
CUCUMBERS



BROCCOLI
COLLARDS
CABBAGE

LETTUCE
ONIONS

LETTUCE
+ONIONS

SNAP BEANS
G. PEAS

S. SQUASH
CUCUMBER

SWEET
CORN

(TRANSPLANT?)



BEGINNING AND END SUCCESSFUL 
PLASTICULTURE



ON FARM RESEARCH

NC STATE UNIVERSITY



Generation 1 – finding non-ozone 
depleting fumigant alternatives 
(tactic substitution)

Generation 2 – finding non-
fumigants and focus on IPM tactics 
(tactic diversification)

Generation 3 – focussing on the 
pathogens and pests and reduce their 
presence (avoidance/suppression)

Generation 4 – mutal vision



1. What are the essential elements or tenets of on-farm 
research?

2. Strengthening the professional extension worker
3. Strengthening the program foundation
4. Strengthening farmer capacities and information
5. Challenges and limitations
6. Application of on-farm generated research

STRENGTHENING EXTENSION 
THROUGH ON-FARM RESEARCH

Adapted from:Roger Crickenberger for:  Alternative Research Strategies for 
Sustainable Farming Systems SARE PDP training.  September 21, 2000



Alternative Approaches to On-Farm Research and Technology Exchange. 
1995. Francis, Janke, Mundy, and King, editors. Extension and Education 
Materials for Sustainable Agriculture: Volume 3. University of Nebraska-
Lincoln. Lincoln, NE

How to Discover Money $aving Opportunities: A Farmer’s Guide to On-Farm 
Research. 1990. Janke, Thompson, McNamara, and Cramer. Rodale Institute. 
Emmaus, PA.
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Strawberry Flower Power
& Troubleshooting

Expo Workshop
Nov. 3, 2004



Welcome to High Point

• A busy year!
• Still lots of things 

“to do” on the farm
• Introduce speakers



Taking a different approach today…



Strawberry “Flower Power”



Introduce some new concepts …

We can gain better control
of our crop if we understand
some important ideas related
to Vegetative & Reproductive 
Balance of the Plant



Vegetative Phase (the nursery)



Reproductive Phase (our farm)



Getting from there to here…

My farmThe nursery



Takes us on an interesting journey...

• A journey that is 
influenced by a 
number of factors 
we don’t 
understand!

• Perhaps, if we 
understand these 
unseen “forces”
better, we can 
achieve a more 
desirable outcome!



So, when did I get started on this? 



It really started in St. Louis (1980)



Professor Dana’s Talk…



This part I understood (anatomy)



The Plant & Its Environment – how they 
interact, is where I needed help…

• Environmental factors
– That control vegetative growth

• Stolons (runners)
• Leaves
• Branch crowns

– That control reproductive growth
• Flowering
• Fruiting

– Can we bring about a better balance? 



Why this is so important…

• A fruit grower is interested in not just 
total yield

• But, is it a “quality crop”
– Fruit size and appearance

• Is the crop “concentrated”?
– Can you keep up with the harvest

• Are there “ways” to influence the 
above by having greater knowledge of 
these environmental factors?



Why is daylength so important?



Exaggerated view of crown…



Research – identification 



What is “critical” photoperiod?



First stage – vegetative apex



Second stage - transitioning



Reproductive (looks like a “molar”)



Research – when does it happen?



Research: floral initiation Chandler

• Requires 2 weeks of inductive 
conditions…
– Daylength less than 12 ½ hours
– Or, uninterrupted night of 11 ½ hours

• Temperature is less important to 
“triggering” floral initiation

• Temperature has more influence 
“Afterwards”



Back to St. Louis…



Exaggerated view of a new inflorescence at 
terminal position



What else is happening?

• When critical photoperiod is met
• How are other processes affected?

– Like branch crown development
– Like runnering

• How is temperature involved?



Runnering…



Branch crown formation



What terminates at each crown?



Here is how it looks in November



Late fall and spring…



Putting this all together…



Stem berry



Balance







Strawberry productionStrawberry production,  ,  
plantplant--back back trials, trials, 

and implications of and implications of 
fumigant trials/work fumigant trials/work 

Barclay PolingBarclay Poling
Professor & Extension Specialist Professor & Extension Specialist 

NCSU NCSU -- HortHort. . SciSci. Dept. . Dept. 



OutlineOutline
1 acre per 3,750 people

Part 1 Part 1 –– Strawberry Strawberry 
production (production (taking an taking an 
integrated approachintegrated approach))
Part 2 Part 2 –– PlantPlant--back trials back trials 
(10:35 (10:35 –– 10:50)10:50)
Part 3 Part 3 –– Nursery fume Nursery fume 
trials (10:50 trials (10:50 –– 10:55)

1,800 acres

10:55)

Strawberry Plasticulture



Big changes over the last 20 years in Mid-South

Strawberry Production SystemsStrawberry Production Systems……

Matted rowMatted row –– traditional growing system in Midtraditional growing system in Mid--SouthSouth
BareBare--root, dormant plants in springroot, dormant plants in spring
1 year waiting period for crop1 year waiting period for crop
Renovation for 2Renovation for 2ndnd and 3and 3rdrd yearyear
Very susceptible to rains and botrytis (and red stele)Very susceptible to rains and botrytis (and red stele)

Strawberry Strawberry plasticultureplasticulture –– started in 1980started in 1980’’s in NCs in NC
Raised beds, plastic film, and Raised beds, plastic film, and MeBrMeBr fumigation (infumigation (in--row)row)
Annual planting system (carryover discouraged)Annual planting system (carryover discouraged)

Crop in 7 months for 5 to 7 weeks Crop in 7 months for 5 to 7 weeks 
Earlier and larger berries (for faster picking)Earlier and larger berries (for faster picking)
Mainly California cultivars (e.g. Chandler, Mainly California cultivars (e.g. Chandler, CamarosaCamarosa))
Plug plants became available in the early 1990Plug plants became available in the early 1990’’s s 



Goal Today: Put PreGoal Today: Put Pre--plant plant 
Fumigation Fumigation w/MeBrw/MeBr in Contextin Context

Strawberry Strawberry plasticultureplasticulture (1,800 acres)(1,800 acres)
Methyl Methyl bromide:chloropicrinbromide:chloropicrin

98:2 formulation  (1 week plant98:2 formulation  (1 week plant--back)back)
67:33 formulation  (2 week plant67:33 formulation  (2 week plant--back)back)

Nursery fumigation (200 acres)Nursery fumigation (200 acres)
Methyl Methyl bromide:chloropicrinbromide:chloropicrin

67:33 formulation67:33 formulation



Strawberry Strawberry PlasticulturePlasticulture

Highly intensive management systemHighly intensive management system (vs. MR)(vs. MR)
It is a It is a ““collectioncollection”” of practices and technologies that require of practices and technologies that require 
careful/timely execution (even the best farmers have a hard careful/timely execution (even the best farmers have a hard 
time with time with plasticultureplasticulture))
Very knowledgeVery knowledge--intensive enterprise that requires an intensive enterprise that requires an 
understanding of how things understanding of how things ““work togetherwork together””

e.g.  the plante.g.  the plant’’s vegetative & reproductive developments vegetative & reproductive development
e.g.  how fumigation interacts with planting date to influence ue.g.  how fumigation interacts with planting date to influence ultimate ltimate 
plant size, yield and fruit qualityplant size, yield and fruit quality

With such a With such a ““complex systemcomplex system”” extension plays a crucial extension plays a crucial 
support role!support role!



On-farm tests in over 30 counties introduced Strawberry Plasticulture to North Carolina

Extension SupportExtension Support

Interpretation of: Interpretation of: 
Plant tissue reports (deciding on fertility program)Plant tissue reports (deciding on fertility program)
PDIC reportsPDIC reports
BerryBerry--mg advisoriesmg advisories

Digital photographs from the field to specialistsDigital photographs from the field to specialists
OnOn--farm trials with alternative fumigants farm trials with alternative fumigants 
Beneficial site visits to Beneficial site visits to plasticultureplasticulture operationsoperations

e.g. recent January e.g. recent January ’’05 freezes ~ assessing injury05 freezes ~ assessing injury



PrePre--plant Meetings for Growers plant Meetings for Growers ––
7/22/04 Nash7/22/04 Nash--Franklin CountiesFranklin Counties

Sharing lots of information/experiences – good and bad!
It was a Meeting like this in Orangeburg, SC, led to CUE in 2005



Investigating Recent Freeze Effects Investigating Recent Freeze Effects 
Led to An Interesting Led to An Interesting MeBrMeBr StoryStory



Franklin County, North Carolina

Background InformationBackground Information

Fresh dugs planted 9/25/04; plugs 10/03/04Fresh dugs planted 9/25/04; plugs 10/03/04
Organic and conventional (methyl bromide) plantingsOrganic and conventional (methyl bromide) plantings
Row covers first applied December 15thRow covers first applied December 15th
December 20, 2004 December 20, 2004 –– Minimum 11Minimum 11ooFF
WarmWarm--up first 2 weeks Jan. up first 2 weeks Jan. ’’0505

10 to 20 F warmer than usual10 to 20 F warmer than usual
Chandler broke dormancy (2Chandler broke dormancy (2--3 new leaves)3 new leaves)

Row covers reRow covers re--applied on January 15thapplied on January 15th
January 17January 17thth –– Minimum temperature 13 FMinimum temperature 13 F
January 18January 18thth –– Minimum temperature 12 FMinimum temperature 12 F
Covers off February 5Covers off February 5--77
February 15February 15thth –– Site visitSite visit

Issue #1 Issue #1 –– cold injury?cold injury?
Issue #2 Issue #2 –– plant size, earlinessplant size, earliness





Fresh Dug
Set 9/25/04

Plug
Set 10/3/04



Organic FD Organic FD CamarosaCamarosa (8(8”” diadia.).)

Knife 8 ¾ inches



Organic Fresh dugs – slightly larger size than plugs

Notice all of the winter blossoms source of botrytis crown rot 



Methyl Bromide Fumigated – Camarosa (same source)

Planted 9/25/04; row cover 2nd half Dec; no row cover in first 2 weeks of Jan.; re-apply Jan 15



CamarosaCamarosa –– Lewis NurseryLewis Nursery
Fresh Dugs (9/25/04)Fresh Dugs (9/25/04)

Organic Methyl bromide

Photograph – 2/15/05







5 Branch Crowns + Main Crown



Virtually NO INJURY (11 F Dec,  12 F Jan 18)



Organic FD Organic FD CamarosaCamarosa (8(8”” diadia.).)

Knife 8 ¾ inches



Only 1 branch crown on Camarosa Fresh Dug on Organic Ground



CamarosaCamarosa planted same dateplanted same date



Same Farm Same Farm –– Feb. 2002Feb. 2002



Is this too large?Is this too large?

February 15, 2005



Bad memory!









NC – Feb 16

NC – March 9

Late
April - Clayton

Set Oct 6



35 Successful Blossoms/Plant
= 1.5 lbs/plant
= 26,250 lbs/acre



What Plant Back Studies Have What Plant Back Studies Have 
Taught Us About Crown NumberTaught Us About Crown Number
20032003--2004 Trial Clayton Central Crops2004 Trial Clayton Central Crops
IodomethaneIodomethane 98:2 formulation (2 rates) vs. 98:2 formulation (2 rates) vs. 
TeloneTelone CC--35, plus control35, plus control
Three planting dates for Chandler plugsThree planting dates for Chandler plugs

25 Sep25 Sep
2 Oct2 Oct
9 Oct9 Oct

Very good growing season overall (vs. 2002Very good growing season overall (vs. 2002--
2003 season2003 season……cold fall season)cold fall season)



Why is plantWhy is plant--back important?back important?



Early August

End August

Wait 2-3 weeks (3rd wk Sept)





Part 2. PlantPart 2. Plant--back trialsback trials

Actual scenario for 2003Actual scenario for 2003--2004 crop2004 crop
September 17, 2003 September 17, 2003 –– Isabel on track for landfall Isabel on track for landfall 

Fortunately stayed east and impacted VA BeachFortunately stayed east and impacted VA Beach

Heavy rains!Heavy rains!
Research team fumigated at Clayton on Sept. 19Research team fumigated at Clayton on Sept. 19thth

1 week plant1 week plant--back fumigant required for first plant dateback fumigant required for first plant date
Sept. 25, 2003 (no registered materials to do this)Sept. 25, 2003 (no registered materials to do this)
October 2, 2003 (o.k. for October 2, 2003 (o.k. for MeBr:PicMeBr:Pic 67:33 67:33 –– 2 week plant2 week plant--back)back)
October 9, 2003 (o.k. for Alternatives requiring 3 weeks)October 9, 2003 (o.k. for Alternatives requiring 3 weeks)



What was the outcome?What was the outcome?
PlantPlant--
backback
(Date)(Date)

MarketMarket
Yield Yield 
(lb/A)(lb/A)

Ave.Ave.
SizeSize
(g/berry)(g/berry)

Ave.Ave.
CrownCrown
(# plant)(# plant)

Ave.Ave.
FlowerFlower
(# plant)(# plant)

1 week1 week
(9/25)(9/25)

24,447 a24,447 a 14.414.4
31/clam31/clam

6.66.6 44.444.4

2 week2 week
(10/2)(10/2)

24,416 a24,416 a 15.2115.21
29/clam29/clam

6.46.4 41.841.8

3 week3 week
(10/9)(10/9)

23,421 a23,421 a 17.0517.05
26/clam26/clam

5.85.8 35.735.7



What about in 2002What about in 2002--2003?2003?
PlantPlant--
backback
(Date)(Date)

MarketMarket
Yield Yield 
(lb/A)(lb/A)

Ave.Ave.
SizeSize
(g/berry)(g/berry)

Ave.Ave.
CrownCrown
(# plant)(# plant)

Ave.Ave.
FlowerFlower
(# plant)(# plant)

1 week1 week
(9/27)(9/27)

20,487 a20,487 a
(24,447)(24,447)

16.416.4
14.414.4

5.255.25
(6.6)(6.6)

24.724.7
44.444.4

2 week2 week
(10/4)(10/4)

16,666 b16,666 b
(24,416)(24,416)

18.418.4
15.215.2

4.704.70
(6.4)(6.4)

23.023.0
41.841.8

3 week3 week
(10/11)(10/11)

9,449 c9,449 c
(23,421)(23,421)

20.420.4
17.017.0

4.204.20
(5.8)(5.8)

20.920.9
35.735.7



What does this mean?What does this mean?

Planting date in 2002 had huge effectPlanting date in 2002 had huge effect
Earlier was betterEarlier was better

Planting date in 2003 was not importantPlanting date in 2003 was not important
Earlier was very undesirable from Earlier was very undesirable from ““qualityquality”” standpoint with standpoint with 
smaller berries (31.5/clamshell) with 9/25/03smaller berries (31.5/clamshell) with 9/25/03
Later was best from quality standpoint (23,421 lb/A, and 26 Later was best from quality standpoint (23,421 lb/A, and 26 
berries per clamshell (16 oz)berries per clamshell (16 oz)

Planting date is not consistent!Planting date is not consistent!
Why regional growers have gone to Why regional growers have gone to ““staggeringstaggering””



Fumigant Effect?Fumigant Effect?
20032003
MktMkt Yield Yield 
(lb/A)(lb/A)

20042004
MktMkt Yield Yield 
(lb/A)(lb/A)

IM98 (75 #)IM98 (75 #) 16,378 a16,378 a 25,461 a25,461 a

IM (60#)IM (60#) 16,072 a16,072 a 25,073 a25,073 a

TeloneTelone C35C35 14,152 b14,152 b 24,491 a24,491 a

ControlControl NANA 21, 257 b21, 257 b



Can the fumigation effect Can the fumigation effect 
be more important? be more important? 

Sticking with our theme of strawberry Sticking with our theme of strawberry 
plasticultureplasticulture being so unpredictable!being so unpredictable!



Franklin County, North Carolina

Background InformationBackground Information

Fresh dugs planted 9/25/04; Fresh dugs planted 9/25/04; plugs 10/03/04plugs 10/03/04
OrganicOrganic and conventional (methyl bromide) plantingsand conventional (methyl bromide) plantings
Row covers first applied December 15thRow covers first applied December 15th
December 20, 2004 December 20, 2004 –– Minimum 11Minimum 11ooFF
WarmWarm--up first 2 weeks Jan. up first 2 weeks Jan. ’’0505

10 to 20 F warmer than usual10 to 20 F warmer than usual
Chandler broke dormancy (2Chandler broke dormancy (2--3 new leaves)3 new leaves)

Row covers reRow covers re--applied on January 15thapplied on January 15th
January 17January 17thth –– Minimum temperature 13 FMinimum temperature 13 F
January 18January 18thth –– Minimum temperature 12 FMinimum temperature 12 F
Covers off February 5Covers off February 5--77
February 15February 15thth –– Site visitSite visit

Issue #1 Issue #1 –– cold injury?cold injury?
Issue #2 Issue #2 –– plant size, earlinessplant size, earliness











Branch CrownsBranch Crowns

CamarosaCamarosa OrganicOrganic Methyl BromideMethyl Bromide

Fresh dug (9/25)Fresh dug (9/25) 11 55

Plug (10/3)Plug (10/3) 33 NANA



LetLet’’s review thiss review this……

Looking for plants about 8Looking for plants about 8--99”” diadia
MidMid--FebruaryFebruary

3 nice branch crowns3 nice branch crowns
Producing about 1.5 lb/plant of high quality Producing about 1.5 lb/plant of high quality 
fruitfruit



LetLet’’s keep thinking about thiss keep thinking about this……

Feb. 15, 2005 onFeb. 15, 2005 on--site site 
visitvisit
CamarosaCamarosa plugs on plugs on 
organic soil had organic soil had 3 3 brbr. . 
crownscrowns
CamarosaCamarosa fresh dugs on fresh dugs on 
organic had organic had 1 1 brbr. crown. crown
CamarosaCamarosa fresh dugs on fresh dugs on 
MeBrMeBr had had 5 5 brbr. crown. crown

EvaluationEvaluation

Just rightJust right

Too littleToo little

Too manyToo many

No
Methyl
Bromide



When you meet with a farmerWhen you meet with a farmer……

Look beyond methyl Look beyond methyl 
bromide issuebromide issue……
Plant type factorPlant type factor
Plant date factorPlant date factor
Soil prep factorSoil prep factor
Nursery plant qualityNursery plant quality
Plant N and irrigationPlant N and irrigation

Agents need to know there are multiple ways to 
over-invigorate plants and exceed desired size…



NC – Feb 16

NC – March 9

Late
April - Clayton

Set Oct 6









LetLet’’s Summarizes Summarize

Important ways to Important ways to ““invigorateinvigorate”” strawberry plantstrawberry plant
1. Planting date1. Planting date –– greatest influence of all factorsgreatest influence of all factors

Early planting Early planting –– get excess branch crowns (>5)get excess branch crowns (>5)
Late planting Late planting –– too few branch crowns (<2)too few branch crowns (<2)

2. Plant type2. Plant type –– can be very importantcan be very important
Plugs Plugs –– establish more quickly than establish more quickly than fdfd (about 5 days)(about 5 days)
BareBare--root fresh dugsroot fresh dugs

3. Fumigant & Plastic Mulch Bed (can be very sign.)3. Fumigant & Plastic Mulch Bed (can be very sign.)
4. Mild fall and winter (can be very significant)4. Mild fall and winter (can be very significant)
5. Application of row covers 5. Application of row covers 



ThanksThanks



Weed Management

David Monks
Dept. of Horticultural Science



Methyl Bromide Phase-OutMethyl Bromide Phase-Out

Source: U.S. EPA and Steve Toth



Non Treated







Picture of plasticulture production 
system





Nutsedge Control Measures

• Hand removal/cultivation/tillage P
• Chloropicrin/Telone/Vapam P
• Methyl bromide F to E
• Rotation with effective herbicides F to E
• Herbicides P to E



Without Nutsedge Control

• One nutsedge can infest an 8.5 by 10 feet 
area by the end of the growing season.

• Densities often can be as high as 200 to 
300 plants per m2



Methyl Bromide CUE

• Based on methyl bromide control of 
nutsedge consistently

• Alternatives often give unacceptable 
control



Without Methyl Bromide

• Nutsedge (yellow and purple) densities will 
increase (nutsedge from hole and growing 
through plastic).

• Broadleaf weeds from hole will increase
• Thus, overall weed densities will increase 

greatly.
• Farmers will be faced with a high 

population of weeds that will grow at a  
fast rate.



Supplement Weed Control by 
Alternative Fumigants??

• Increase use of hand removal of weeds.
– 2 to 4 times per season 
– $   per 1000

• Use of herbicides applied to bed under 
plastic.

• Use of herbicide over the top of crop and 
plastic.



Problems Faced

• Lack of herbicides that will control 
nutsedge.

• Lack of crop safety.
• Relatively few herbicides that are 

registered for use in the row in 
plasticulture.





•



Crops

Nutsedge control (herbicides)
Tomato, cucumber, cantaloupe

No nutsedge control (herbicides)
Strawberry, pepper, squash, watermelon
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