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The 25th annual Horticulture Industries Show held in Tulsa, Oklahoma on 
January 6 and 7, 2006, was well attended and considered a great success.  The 
Tulsa Community College Northeast Campus provided an excellent location for 
our meetings. Of special note, the noon meals, coordinated by Doug Walton 
and prepared by Upper Crust Catering featured foods grown in Oklahoma and 
Arkansas. The meals were excellent and certainly enjoyed by all attendees.  We 
hope to continue the tradition of showcasing locally produced foods at next 
year’s meeting in Fort Smith. 

This year’s theme was “Improving Your Growing Climate with HIS”, and all day 
Saturday was one general session to expound on this topic featuring keynote speakers 
Ted Carey and Lewis W. Jett. Friday featured the typical commodity programs, which 
for the second year was followed by a free reception.  The wine and juice tasting event 
showcased the products of Deer Creek Vineyard, Plain View Vinery, Redland Juice 
Company, and Summerside Vineyards, and the food was provided with assistance of 
DeWitt Seed Company of Norman, OK and Morgan County Seeds of Barnett, MO. 
Everyone who attended the reception enjoyed the opportunity for fellowship with other 
conference attendees, and we hope to continue this type of event. 

I want to express appreciation to Steve Upton, Lynn Brandenberger, and Sue Gray for 
this year’s program. Sincere thanks to all the speakers, exhibitors, board members and 
volunteers for making this Show a success and to Tulsa Community College Northeast 
Campus for providing great accommodations. 

I am looking forward to seeing you all in Fort Smith next year. 

Sincerely, 

Dan Chapman 
President 
Horticulture Industries Show 

26th Annual HIS January 5 & 6, 2007, in Ft. Smith, Arkansas 
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7


mailto:dppas@americanplant.com
mailto:chesmore@chesmore.com
mailto:dhensley@uark.edu
mailto:dewittco@swbell.com
mailto:Lsmith@estesinc.com


Lane Ag Center 
Box 1287 
Lane, OK  74555-0128 
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www.lane-ag.org/ 
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www.seedway.com 
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Seminis Vegetable Seeds 
David Phillips 
749 CR 37 
Clarkridge, AR  72623 
870-425-8476 
David.phillips@seminis.com 
www.seminis.com 

Starco Manufacturing 
Darrell Lemmon 
PO Box 476 
Casper, WY  82601 
307-234-5244 
FAX: 307-235-7081 
starco@midrivers.com 
www.starcomfg.com 

Stuppy Greenhouse Mfg. 
Company 
Lynn Kueker 
PO Box 12456 
North Kansas City, MO 
800-733-5025 
FAX:  800-423-1512 
lkueker@stuppy.com 
www.stsuppy.com 

USDA/NASS/Oklahoma 
Agricultural Statistics 
Glenda Shepler 
2800 N. Lincoln Blvd. 
Oklahoma City, OK 73105 
405-522-6190 
David.phillips@seminis.com 
www.seminis.com 

TRADE SHOW DONORS 
We extend our appreciation to the 

following exhibitor for their 
donation to help cover expenses 

for the HIS reception. 

DeWitt Seed Company 

Robert DeWitt 

PO Box 5556 


Norman, OK 73076 

405-364-0908 


Morgan County Seeds 

Norman Kilmer 


18761 Kelsay Road 

Barnett, MO 65011 


573-378-2655 
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Our thanks to the following wineries and fruit juice 

companies 


for the wine tasting at the 2006 HIS reception! 
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Herbicides: How They Work 

Craig R. McKinley 

OSU Professor and Extension Forestry Specialist 


Craig McKinley is a native of Elmore City, Oklahoma and a graduate of Oklahoma State 
University and Texas A&M University.  His professional career has included Technical Services 
Director for Potlatch Corporation in Warren, Arkansas, Associate Geneticist for the Texas Forest 
Service, Extension Specialist and Department Extension Leader at North Carolina State 
University and Forestry Department Head at OSU.   

Definitions 

Weed:  A plant which interferes with the management objectives for a given area of land 
at a given time. 

•	 Annuals – Complete the reproductive cycle in one year.  Reproduce by seeds 
only. Two kinds of annual plants: winter and summer, depending upon the 
plant’s growing season 

•	 Biennials – Complete reproductive cycle in two years.  Reproduce by seeds. 

•	 Perennials – Reproduce by both seeds and underground structures.

 Herbicide - A chemical substance used to destroy or inhibit the growth of plants, 
especially weeds.  

Herbicide Applications: 

•	 Pre-emergence – Herbicides applied to prevent weed establishment. 

•	 Post emergence – Herbicides applied to kill existing weeds.  Usually follows 
failure of pre-emergence herbicides and/or other control techniques. 

Herbicide Movement: 

•	 Contact – Injury symptoms confined to site of uptake (non-mobile). 

•	 Translocated – Injury symptoms will be where the herbicide translocates 
(moves) and concentrates in the plant. Often called mobile or systemic 
herbicides. 
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Types of Herbicides: Based upon Mode of Action 

1. Growth Regulators 

• Affect cell division, elongation, etc. Upset normal hormonal balance 
• Generally foliar applied, highly translocated. 
• Primarily broadleaf activity 
• Control annuals and perennials 
• Examples – 2,4-D, Tordon, Remedy, Banvel, Stinger 

2. Seedling Growth Inhibitors 

• Root inhibitors – Inhibit cell division 
• Shoot inhibitors – Disrupt cell growth and protein synthesis 
• Applied as pre-emergence 
• Controls annual and perennial germinating seedlings 
• Limited translocation in plant 
• Examples – Surflan, Treflan, Lasso, Kerb 

3. Cell Membrane Disruptors 

• Destroy cell membranes causing contents to leak out 
• May be non-selective – e.g., Diquat and Paraquat 
• Contact, post emergence herbicides 
• Controls annuals only 
• Examples – Goal, Cobra, Avenge, DSMA, MSMA 

4. Photosynthesis Inhibitors 

• Interrupt the photosynthetic process 
• Includes both mobile and non-mobile herbicides.  
• Pre- and post emergence activity 
• Controls annual or perennial grasses and broadleafs 
• Examples – Atrazine, Simazine, Velpar, Basagran, Aatrex 

5. Amino Acid Synthesis Inhibitors 

• Amino acids are building blocks of proteins 
• Translocated, primarily via the phloem 
• Both Pre and post-emergence 
• Will control annuals and perennials 
• Examples - Glyphosate, Arsenal, Sceptor, Ranger, Rodeo, Peak, Oust 
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__________________________________ 

_________________________________ 

6.	 Pigment Inhibitors 

•	 Cause green pigments (chlorophyll) to be destroyed. Thus, no 
photosynthesis. 

•	 Translocated through xylem 
•	 Post-emergence applications 
•	 Limited number of these compounds commercially available 
•	 Examples – Command, Balance 

7.	 Lipid Synthesis Inhibitors 

•	 Affect cell membrane integrity in the meristematic (rapid cell division) 
areas 

•	 Translocated in phloem 
•	 Post-emergence activity 
•	 Annual and perennial grass control 
•	 Examples – Select, Poast, Fusilade 

Summary 

In summary, several methods are available for controlling weeds in Christmas tree 
plantations. One of these is by using available herbicides.  However, prior to 
implementing any herbicide treatment program, the operator should always: 

•	 Know the crop or crops being grown and the susceptibility of those crops to 
herbicide products. 

•	 Know the weed species being treated and its growth patterns. 
•	 Know the herbicide being applied in terms of mode of action, effectiveness and 

potential for dame to non-target crops. 
•	 Follow herbicide label instructions.  If in doubt, contact the local Cooperative 

Extension office or the manufacturer. 
•	 Use and store chemicals safely, to include using appropriate personal protective 

equipment 

The information provided in this presentation is for informational purposes only.  
Reference to commercial products or trade names is made with the understanding that no 
discrimination is intended and no endorsement by the Oklahoma Cooperative Extension 
Service is implied. 

The user is responsible for determining that the intended use is consistent with the label 
of the product being used. Read and follow label directions 
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Christmas Tree Sales Report – 2005 Season 
Craig McKinley, OSU Extension Forestry Specialist 

Introduction 

In December, 2005 a total of 37 surveys were mailed to Oklahoma Christmas tree 
growers. Immediately following the sales season, contact was attempted by telephone 
and e-mail with those individuals who had not previously responded to the mail survey. 

Of the total 37 surveys, 25 were returned by growers.  Two growers reported being out of 
business, and three indicated that they sold no trees in 2005.  Twenty growers reported 
sales and other information as requested by the survey.  Twelve growers did not respond 
in time for inclusion in this report, could not be contacted, or declined to be interviewed.  

The survey requested growers to list sales by species and method (choose and cut, 
wholesale and/or retail). Live tree sales (ball and burlap) were listed by species as those 
sold at the farm, wholesale or retail.  Growers also were asked about imported cut tree 
sales and other holiday and alternative products. 

Oklahoma-Grown Tree Sales 

Table 1 provides a summary of survey results from 1989 through 2005 for trees grown in 
Oklahoma.   

Table 1. Oklahoma-grown tree sales (live trees included), 1989 - 2005. 

Year Number of Growers Total Sales (trees) 
Total Sales and (Choose and 

Cut Sales) per Grower 
1989 NA 8,769 NA 
1990 42 11,527 274 (197) 
1991 48 11,989 250 (186) 
1992 54 14,145 262 (185) 
1993 55 18,002 327 230) 
1994 63 20,102 319 (223) 
1995 64 21,071 329 (234) 
1996 59 20,795 352 (248) 
1997 55 18,982 344 (224) 
1998 34 13,131 386 (237) 
1999 41 14,564 355 (242) 
2000 44* 15,699 356 (226) 
2001 28* 7,590** NA (271) 
2002 35* 8,591 245 (251) 
2004 25* 8,496 340 (319) 
2005 20* 6,871 343 (323) 

Notes for Table 1. 
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*Does not include growers who responded, but had no sales, who did not market trees, or 

who did not report exact figures. 

**Choose and Cut (CC) only: other years are all methods. 


In 2005, total reported sales were somewhat less (approximately 14%) than in 2004.  
Both the total sales and the choose and cut sales on a per grower basis remained stable as 
compared to 2004. 

Sales Methods 

The primary sales method used for Oklahoma-grown harvested trees is choose and cut 
(Table 2). Wholesale sales remained as a relatively minor market for Oklahoma-grown 
trees. Virginia pine continues to be the dominant choose-and cut species offered by 
Oklahoma growers, comprising approximately 83 percent of the trees sold.  Scotch pine 
held about 8 percent of the choose-and cut market, followed by a limited number of 
Austrian pine, Leyland Cypress and eastern white pine.   

Table 2. Oklahoma-grown harvested tree sales by sales method 1989 – 2005*. 

Year Choose-and-Cut Wholesale Retail Total 
1989 6,662 1,625 482 8,769 
1990 8,111 2,641 775 11,527 
1991 8,762 1,969 1,228 11,989 
1992 9,852 3,294 999 14,145 
1993 12,459 4,586 957 18,002 
1994 13,848 5,460 796 20,104 
1995 14,766 4,893 1,432 21,071 
1996 14,394 4,270 2,131 20,795 
1997 12,103 5,483 1,342 18,928 
1998* 7,833 3,383 193 11,409 
1999* 9,697 3,080 521 13,298 
2000* 9,736 4,931 None ** 14,667 
2001* 7,590 Not available None ** Not available 
2002* 7,448 426 265 8,139 
2004* 7,969 120 None** 8,089 
2005* 6,476 123 None** 6,591 

*Only cut trees 

** Does not include retail sales of imported trees at growers’ farms. 
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Live Trees Sales 

Live trees sales continue to demonstrate a decline as a percentage of total tree sales 
(Table 3). In 2005, major live trees species were Austrian pine, Scotch pine and Leyland 
cypress. 

Table 3. Live trees sold from 1990 – 2005. 

Year Live Trees Sold Percent of Total Sales 
1990 1,177 10.2 
1991 2,030 16.9 
1992 1,825 12.9 
1993 2.810 15.6 
1994 2,247 11.2 
1995 1,251 13.2 
1996 4,038 19.4 
1997 3,001 15.9 
1998 1,722 13.1 
1999 1,266 8.7 
2000 1,184 7.6 
2001 541 NA 
2002 456 NA 
2004 407 3.5 
2005 272 2.7 

Sales of Imported Trees 

Approximately 50 percent of growers now sell imported trees from other states at their 
choose-and-cut farms. This number is up substantially from 30 percent in 2001.  
Imported tree sales of 2836 in 2005 equated to about 30 percent of total tree sales for the 
state. The number of trees imported from other states was similar to that reported in 2004 
(2836). True firs comprised almost 80 percent of total imported sales.  Fraser fir was the 
most popular imported tree species, followed by Noble fir and grand fir.  

Sales of Other Products 

Sixty-five percent of the growers reported sales of wreaths, memorial blankets and other 
greenery products, both from Oklahoma-grown and imported materials.  Estimated sales 
of these products were $33,853.  Sixty percent of survey respondents reported sales of 
other holiday items such as ornaments, toys and tree stands.  Total sales of non-greenery 
items was $34,345.  Tree stands were the most common holiday accessory item sold.  
Thirty percent of growers have other non-Christmas crops such as you-pick berries and 
pumpkins.   

21




Prices 

Tree prices reported in 2005 were similar to those reported in 2004.  Choose and cut 
prices ranged from $3.00 to $9.00 per foot.  The majority of growers who price by the 
foot charged $ 5.00 to $6.00 per foot. Those who sell on a per tree basis charged from 
$15 to $47. Virginia pines tend to occupy the lower end of the price range, with Austrian 
and Scotch pines usually selling for higher prices.  Higher prices for cut trees were 
fetched by imported trees, ranging from $35.00 to $62.00 per tree, or $5.00 to $9.00 per 
foot. 

Live trees were generally sold on a per tree basis, with prices ranging from $60 to $80 per 
tree. 

Discussion 

Growers responding to the survey were mixed in their review of the season.  Some 
reported excellent sales, whereas others characterized sales as flat, similar to last year. 

Twenty-six percent of the responding growers reported losses from drought, insects or 
disease. They quantified losses as less than $5,000.  The major problem in 2005 was 
reported as drought, resulting in loss of tree growth and quality, but estimates of actual 
economic loss were not available.  Concerns were expressed for the 2006 growing season 
should the low rainfall pattern continue. 

Most growers continue to be optimistic about the future of Oklahoma’s Christmas tree 
industry. Research is currently being conducted by Oklahoma State University 
Department of Forestry faculty to identify alternative species for Christmas tree growers.  
Likewise, the marketing effort through the Oklahoma Christmas Tree Association 
appears to be productive. 
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Product Differentiation and Advertising 

Catherine Howard 

Box 133 


Lecompton, KS 66050 

785.749.2761 
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Catherine Howard, Lawrence, Kansas, is Editor of Christmas Trees Magazine, the 
world's leading magazine for Christmas tree growers. She has masters degrees in 
psychology and business administration, and she is working on her doctorate in 
international organizational communication at the University of Kansas. Catherine has 
taught marketing and management courses for over 20 years for Ball State University and 
Washburn University. She is currently teaching international marketing at three 
universities in China for Fort Hays State University. Catherine has spoken about 
agritainment and agricultural marketing to various groups across the United States. 

At the January 2006 horticultural show in Tulsa, Catherine spoke about product 
differentiation and advertising. She worked with the growers step-by-step to help them 
discover what is unique about their farms, and to highlight those special qualities in their 
advertising program.  
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A Full Season of Harvest from a Market Farm 
Emily Oakley and Mike Appel—Three Springs Farm 

Emily Oakley and Michael Appel own and operate Three Springs Farm.  We lease 2 1/2 
acres in West Tulsa, growing 40 different annual vegetable, herb, flower, and fruit crops 
(127 different varieties). We sell at the Saturday and Wednesday Cherry Street Farmers’ 
market, through a 35 member CSA, and to several local restaurants.  This will be our 
third season farming in Oklahoma.  Although we grow using organic methods, we are not 
yet certified (we will be eligible for certification this summer).  A major goal for us to 
maintain a two person operation; farming is our full time job.   

Office work is an unglamorous, but extremely important side of our farm business.  We 
spend approximately 1/3 of our time over the course of a year in front of the computer 
entering in records, on the phone making marketing calls, and in planning discussions.  
We use our harvest and sales records to help decide which varieties to plant.  Crop 
enterprise budgets enable us to determine how we can better focus our energy in the field.  
We refer to our records when making almost every major decision. 

Before we started farming our land, it was a bermuda and fescue horse pasture.  We used 
a tractor-pulled roterra to begin tilling in the winter of 2004.  After the roterra brought the 
bermuda grass to the surface, we used an English harrow to loosen the soil from the grass 
roots. We then raked out the bermuda grass by hand.  While this was a great deal of 
work at the beginning, it saved us time later in the season. 

To keep expenses low, we designed and built a 10 x 20 foot greenhouse with EMT 
conduit, wood, and PVC. It is heated with propane on cold nights.  The double layer of 
plastic is inflated by a fan which helps conserve heat, and more importantly, stabilizes the 
structure on windy spring days. We start lettuce, broccoli, onions, leeks, chard, kale, 
cauliflower, cabbage, peppers, eggplant, tomatoes, eggplant, and basil in 200 cell flats 
(each cell is about one square inch).  The one inch cell size allows us fit about 20,000 
plants at any given time into our small greenhouse.  The plants do not get as large as they 
would in bigger pots, but they recover quickly once they “hit the field”.  Additionally, the 
small root balls are much easier to handle when transplanting. 

Compost is fundamental to our fertility program.  We used 70 tons of compost last year, 
most of which came from J & M mushroom Farm in Miami and from the Tulsa stock 
yards. The mushroom farm compost is far superior in quality, but is very expensive to 
transport. We borrowed a manure spreader from the Kerr center to spread the compost 
this year as opposed to using a wheel barrow and shovel as we did our first season!  We 
also do some foliar feeding with fish emulsion and side-dressing with poultry litter pellets 
on various different crops throughout the season with a backpack sprayer. 

After spreading the compost and tilling it in, we make raised beds with a bed maker.  
They help control erosion during heavy rains as water is slowed down by the furrows.  
The raised beds also protect crops from becoming water-logged since rain pools up in the 
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furrows and doesn’t drown the roots.  It is also easier to mechanically cultivate with 
raised beds because the tractor wheels are guided by the furrows.  If soil conditions 
allow, we try to make our beds several weeks before planting.  This encourages weed 
emergence and facilitates a stale seed bed by lightly cultivating with spring tines on the 
bed maker.  This reduces our weed pressure later in the season. 

In early spring we cover the transplanted seedlings with row cover to help keep the soil 
warm.  This gives several degrees of frost protection on cold nights.  We plant our first 
crops, like radishes, spinach, lettuce, arugula, and mizuna, at the end of February in order 
to have a harvest by the beginning of April when the market opens.  The down side of 
using the row cover is that it also helps the weeds grow.  We use a Planet Jr. push seeder 
or hand held jab planter to plant all of our direct-seeded crops. 

We use a tractor pulled mechanical transplanter to transplant.  This saves an incredible 
amount of time--not to mention our backs.  Transplants give us a fairly reliable stand and 
a head start on the weeds.  We use drip irrigation for all our crops.  We plant most crops 
in successions in order to have a constant supply.  We also plant several varieties of the 
same crop to mature at different times. 

As soon as we are finished harvesting from a bed we disc it in.  In this way, we kill the 
weeds that are trying to go to seed and we start getting the bed ready to be planted again.  
Our five foot disc makes it possible to till one bed at a time without disturbing the 
adjacent beds.  We usually need to disc the bed two times over the course of three weeks 
(depending upon how weedy the bed is and the soil conditions) before we can reshape the 
bed and plant again. Crops with heavy residue take longer to decompose, so we plan our 
field map accordingly. 

Although we try to do as much work as possible with the tractor, there is always hand 
labor to be done. Hoeing is perpetually on our “to do” list.  Staking and tying tomatoes is 
another time-consuming job.  The tomatoes grow so fast in the early summer that they 
need to be tied every week. As a two-person farm we have to make a special effort in 
planning and timing our tasks and seasonal duties. 

We grow dozens of varieties of mostly heirloom tomatoes and some hybrids.  Heirlooms 
are a specialty crop in that they have low yields compared with hybrids, necessitate high 
culling for quality, and are easily perishable.  They do command a higher price at the 
market, but not enough to make up the difference in yield and work.  Yet we continue to 
grow them as they are a popular item. 

Disease is a perennial problem.  Some perennial diseases include early blight, septoria 
leaf spot, fusarium wilt, powdery mildew, and anthracnose.  We use disease-appropriate 
organic treatments, and often chose not to spray when a disease appears towards the end 
of the plant’s life cycle. This being Oklahoma, we also have a plethora of pests with 
whom to contend.  Our main tools consist of Bt for caterpillars, soap for aphids, and 
neem for beetles.  Many pests receive the hand-picking treatment, such as Colorado 
potato beetles on eggplant and hornworms on tomatoes.  We try to grow healthy plants 
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with compost and foliar fertilizers in order to reduce the amount of pesticides we have to 
spray. 

Harvesting is the most time-consuming activity we engage in and is 100% manual.  
Every item we bring to the market is hand picked, hand bunched, hand washed, and hand 
packed. In the summer we spend most of the week harvesting.  We attempt to establish 
enough marketing outlet throughout the growing season, especially in the summer, to 
provide us with a steady, and nearly daily channel, for our produce.  Everything we sell 
was picked within 2 days of delivery, and very frequently on the day of. 

In early October, after the market is finished, we start cleaning up our fields.  We roll up 
our drip tape which makes it much easier to reuse and keeps it in better shape so we can 
recycle it for multiple years.  We till in our entire field to get it ready for a cover crop.  
We planted winter rye and Austrian winter peas this fall.   

We spend a good deal of the fall and winter back in the office organizing information 
from the previous year and using it to plan for the next season.  We also focus on making 
greater community connections, educating our customers and others about local farming, 
and addressing the broader environmental and social implications of food and agricultural 
issues. 

Our long-term goals are to: 
•	 buy our own farm with enough acreage to practice cover crop and food crop 

rotations, to implement sustainable agroecological design principles, and to plant 
perennial crops, 

•	 increase accessibility to fresh organic foods to low-income communities, and 
•	 to expose our customers to the local and global connections in food and eating 

choices. 

We can be contacted at the following address for more information: 

Emily Oakley and Mike Appel 
Three Springs Farm 
1864 1/2 E. 16 Pl. 
Tulsa, OK 74104 
farmers@threespringsfarm.com 
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Fall & Winter Vegetable Production in OK 
Robert and Barbara Stelle, Sunrise Acres 

Robert & Barbara Stelle have owned & operated Sunrise Acres, located 6 1/2 miles north 

of Blanchard, OK for 10 years. Robert retired from AT&T/Lucent Technologies in 1996 

and since then has worked full time building greenhouses (His last will make close to 

10,000 square feet) and growing vegetables in a 2 1/2 acre market garden, herb and 

vegetable transplants.  Barbara has recently retired to help full time with growing and 

harvesting herbs and vegetables. Sunrise Acres has been a vendor at the OSU-OKC 

Farmers Market in Oklahoma City since 1996. In November 2003, Sunrise Acres became

USDA Certified Organic. 


Is production when you plant or harvest?

When you look a calendar their are four seasons: 


Spring March 20 - June 20 

Summer June 21 - September 21 

Fall September - December 20 

Winter December - March 19 


The big questions are: 

What can be grown?

When to plant and water?


A list of warm crops that will not stand frost, and prefer lots of sun and warmth: 

Bush green bean (stores better with less field heat when harvested) 

Cantaloupe (select short day varieties and plant by mid-July) 

Sweet corn (no comment) 

Cucumber (grow vertically for straighter fruit) 

Okra (production slows when nights get cooler) 

Peppers (production increases when day get cooler) 

Squash summer (no vine borers and fewer squash bugs) 

Field peas - purple hull and blackeyes (produce best in September before cool days) 

Tomato - (Transplant by mid-July, harvest green fruit before frost & ripen indoors) 

Sweet Potatoes - (harvest before frost, cure for 7 - 10 days) 


A list of cool crops that can tolerate light frosts, prefer cool temperatures of fall, like they 

did in spring: 


Beets (after frost you loose the beet greens; harvest the beets as soon as you can) 

Broccoli (can stand over night freeze but not more than 3 days) 

Brussels Sprouts (will still be green in the garden when all else is frozen) 

Cabbage (outer leaves will get freeze burn) 

Carrot (will grow if you keep the ground from freezing even if tops are gone) 
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Cauliflower (the fruit can not stand overnight freeze) 

Collards (hang in for a long harvest) 

Garlic (ours is planted in October; harvest in May or June just after no rain for 30 days) 

Kale (very winter hardy) 

Kohlrabi (flavor of a cabbage core texture is soft but firm) 

Lettuce (ours is grown in container in the green house) 

Mustard (flavor is improved after a frost) 

Peas -Snow, sugar snaps, English (plant can stand a frost but the fruit can not) 

Potato (a hard freeze will kill young plants) 

Radish (frost and freeze gets the tops; harvest radish soon) 

Rutabaga (Has a longer storage life than turnips) 

Spinach (freeze get the tender leaves but will grow back for another harvest) 

Swiss Chard (cannot survive a hard freeze) 

Turnip (root will storequite awhile) 


When to plant - You have to do your homework when deciding what day to plant. 

First, how many days do you want to harvest? 

Second, what are the days to maturity for the crop you are planting?

Third, for my garden I add 7 days. 


Warm crop example: Green beans: hope to harvest for 4 - 5 weeks (28 - 35 days). Beans 

mature in 50 days and I add 7. The bean seeds need to be in the ground 85 - 92 days 

before light frost. If you plant in the morning and water on a sunny day the sun will cook 

the seeds and they won't come up. 


A calendar with Gregorian and Julian date is the easy way to get to a plant date. 

October 31 is expected first frost. From the Julian date of 304/061 subtract the 92 days 

from 304 you should have 212. Find that Julian day on the calendar (should be July 31). 

You now have a plant date. Every week you wait after that, you loose a week of harvest.  


Cool crop example: Broccoli: Maturity from transplant is 50 - 60 days + 7 (57 - 67days).  

Need to keep moist and not allowed to wilt. If growing transplants add another 5 - 8 

weeks (35 - 56 days). 
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The Growing Growers Training Program: An 
apprenticeship program for market gardeners serving 

Kansas City 

Ted Carey, tcarey@ksu.edu

K-State Horticulture Research and Extension Center, Olathe, KS. 


The Growing Growers Training Program facilitates on-farm apprenticeships 
complemented by workshops on critical skills to train new growers and improve the skills 
of existing growers to meet large demand for local and organically grown produce in 
Kansas City.  The program is a collaborative effort of K-State Research and Extension, 
University of Missouri Extension, the Kansas City Food Circle, and the Kansas Rural 
Center, and was established in response to requests by area organic growers for a training 
program to increase numbers of local organic producers.  In the fall of 2003, we 
developed the components of the program, including a curriculum designed to help 
apprentices gain a set of core competencies through practical and theoretical training 
activities, including one-on-one training by host farmers, reading, workshops and farm 
tours. During the 2004 growing season 11 apprentices worked part time or volunteered 
on 8 host farms, and participated in a series of 11 workshops and farm tours.  Based on 
self-assessment, apprentices felt they gained considerable skill in most of the core 
competencies.  Both apprentices and host farmers expressed high satisfaction with the 
program.  At the start of the 2005 season, demand for the program increased, with 25 
apprentices with diverse backgrounds placed on 12 host farms.  Workshop participation 
was not restricted to apprentices, and over 200 trainees paid to attend workshops during 
2004, helping to generate funds to cover program costs.  It is still early to judge program 
success, but 8 of 11 of the 2004 apprentices were engaged in full- or part-time market 
gardening in 2005. 

Up to date information on the program, including a list of planned workshops for 2006, 
training materials provided to apprentices, and the list of core competencies, can be found 
on the program website: www.growinggrowers.org. 
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Summary of Vine and Branch Vineyard 
Jerome and Claudia Karasek 


Haskell, OK 


My wife and I planted about 1200 grapevines back in 1989. The  three acres of 
vines started from cutting taken  from a vineyard in Searchy Arkansas.. Our vines did 
well until a drought came in July and August that killed all but about 50 vines. 
Discouraged but not defeated I planted the following year after developing a water 
source. This time the vines were purchased from a nursery in Arkansas and did well; for a 
while. Concerned about the vines showing signs of wilting I called Sue Graves. She came 
out and examined the vines. Her evaluation was discouraging to here. I strangled the 
vines or girdled them by tying string to the base of the plant, which would help train the 
branch up the trellis. Once again I lost all but 40 to 50 vines out of 900. Wanting this 
venture to succeed, I negotiated with my wife to purchase vines from a nursery one more 
time. Grudgingly she agreed. 

Since then our vineyard has taken, and we have about 1700 vines consisting of  15 
different varieties. Our vines are harvested from the last week of July to the first of 
October. The majority of the grapes are seedless except for about three varieties. 

Our grape rows are on an average of about 345 ft. in length, which is to long for 7 
ft. line post. Rows need to be reinforced in the center with some type of end post to 
support trellis.. Distance between rows is 12 ft. Vines are planted 4 ft. from end post and 
8 ft. between vines. 

Vines are trenched irrigated by gravity supplied pond  above vineyard and 
pumped irrigated by a pond  below vineyard. If a water source is not developed, water 
bills can range from 1500 to 2000 dollars a month. The water source I use can irrigate 
four acres of vines for 24 hrs. day, for 2months. 

Vines are pruned in January through the middle of March. The majority of vines 
are caned pruned except for a few that are spur pruned. Cutting are raked from rows with 
a rock rake that fits on the back of a tractor. Once piled up cuttings are burned to reduce 
risk of contamination from fungus from previous year.  

Vines are sprayed with lime sulfur to prevent any fungus that might remain from 
last year. Vines are sprayed two to three more times, changing up the type of fungicide, 
which prevents fungus from building up a resistance. During the month of May and June 
black rot fungus appears in abundance when weather conditions are warm and humid. As 
the grapes start to change color, grape clusters are less acceptable to certain types of 
fungus. Sprays that one needs to pay attention to that you do not want to spray are 2-4D. 
This chemical can damage grape vines to where their whole crop can be lost.. Neighbors 
need to be made of the risk they’re taking when spraying this chemical. 
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From the months of March to the end of harvest grape rows are cultivated 
mechanically, by weed eater or sprayed with round up. 

Grapes are usually harvested the last week of July to the first week of Oct. 
Clusters are not picked by appearance but by taste. 

Once grapes are picked in the cool of the day they are stored in a fruit cellar built 
in the side of a hill. Grapes are taken to a variety of farmers market the next day or sold 
to wholesalers. 

Tonnage on grapes can vary from 4 to 12 tons an acre depending on variety and 
success of the crop for that year. 

Growing grapes is rewarding, but one must realize that a lot of labor is involved 
and can become overwhelming, if one doesn’t stay on top of it. 
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Japanese Beetle Damage on Five Blueberry Cultivars: 

Potential Ramifications for Oklahoma and Arkansas 


Eric T. Stafne1 and John R. Clark2


1Department of Horticulture and Landscape Architecture, Oklahoma State University, 

Stillwater, OK 74078 


2Department of Horticulture, University of Arkansas, Fayetteville, AR 72701 


Eric T. Stafne is an assistant professor and extension specialist for fruit crops and pecans 
at Oklahoma State University. He has worked with primarily with blackberries, 
blueberries, and grapes, but also has experience and interest in other fruit and nut crops.  
John R. Clark is a professor at the University of Arkansas.  He is a fruit breeder, with 
focus on blackberries, blueberries, grapes, peaches, and nectarines. 

Abstract 
Since 1997, populations of Japanese beetle have settled into some of the major urban 
areas of Arkansas and Oklahoma due to transported turf and nursery material.  Economic 
damage has been reported in Northwest Arkansas and Northeast Oklahoma since 2001.  
Experimental trials at the University of Arkansas Agricultural Research and Extension 
Center, Fayetteville have sustained significant damage due to the increasing Japanese 
beetle population. A planting of blueberries were rated for feeding damage.  Significant 
differences were observed among the blueberry cultivars.  Mean damage ratings varied 
from 1.25 to 3.0 for the blueberries over a three year period.  As evidenced by the mean 
damage ratings, some resistance or tolerance is likely present within these cultivars and 
may be exploited for improvement.   

Introduction 
Until recently, Japanese beetle (Popillia japonica Newman) was not established in 
Arkansas or Oklahoma.  However, since 1997 populations of Japanese beetle have settled 
into urban areas of both states due to transported turf and nursery material (Stewart et al., 
2004). Significant economic damage has been reported in Northwest Arkansas and 
Northeast Oklahoma since 2001.  Initial trapping surveys in 1997 revealed Japanese 
beetles in three Arkansas counties and three Oklahoma counties.  By 2003 Japanese 
beetles were found in 9 Arkansas counties and 11 Oklahoma counties.  Severely impacted 
Oklahoma counties include Adair, Kay, Osage, and Tulsa.  Lesser impact was found in 
Cherokee, Cleveland, Delaware, Muskogee, Oklahoma, Rogers, and Wagoner counties 
(Johnson, 2004).  Japanese beetles were originally introduced by accident into the United 
States in 1916 (Shetlar, 2000). Since that time they have migrated westward.  They are 
known as voracious feeders and have a preferential appetite for certain plant families.  
One of these families is Rosaceae which include such important crops as apple (Malus 
×domestica Borkh.), peach (Prunus persica L.), strawberry (Fragaria ×ananassa Duch.), 
and brambles (blackberries and raspberries, Rubus sp. L.). On the other hand, ericaceous 
crops such as rhododendron (Rhododendron sp. L.) and blueberry (Vaccinium sp. L.) 
have not been identified as preferred hosts. 
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The objective of this study was to determine if differential feeding by Japanese beetles 
occurred on five blueberry cultivars grown at the University of Arkansas Agricultural 
Experiment Station and to quantify the variation. 

Materials and Methods 
A replicated trial was rated on a 0 (no damage) to 5 (severe defoliation) scale (Miller et 
al., 1999). The blueberry trial included 21 genotypes of either two or four replications 
each, of which five cultivars were rated. The cultivars all had four replications.  Row 
middles were maintained as established bermudagrass.  No insecticides were applied at 
any time during the years of the study.  Only foliar skeletonization damage was rated in 
mid-July of 2003, 2004, and 2005 when Japanese beetle populations were at their peak, at 
the University of Arkansas Agricultural Research and Extension Center, Fayetteville.  
Ratings were not done on fruit and/or flower feeding damage because they were not 
present on all plants at the time of leaf skeletonization damage rating.  Data were 
analyzed in JMP (Sall et al., 2001) using ANOVA and mean separation determined by t-
test (P<0.05). Main effects were cultivar and year. 

Results and Discussion 
There was no significant interaction between cultivar and year.  Significant differences 
among the five blueberry genotypes were observed (Table 1), though the range of rating 
was narrow, likely because blueberries are not a preferred crop of Japanese beetle and 
overall damage was not severe in most cases.  ‘Duke’ had the highest mean damage 
rating (3.0) over the three year period, whereas ‘Ozarkblue’ had the lowest (1.25).  
‘Ozarkblue’ sustained a lower mean damage rating (1.25) than ‘Bluecrop’, 
‘Duke’,‘Brigitta’ and ‘Reka’. This could be because ‘Ozarkblue’ is the only southern 
highbush blueberry in this group.  ‘Ozarkblue’ includes not only V. corymbosum (the 
northern highbush species) in its lineage, but also V. darrowi (an evergreen blueberry 
from the deep south) and V. ashei (rabbiteye blueberry) (Clark and Moore, 1999).  
Therefore, either V. darrowi or V. ashei or both species in combination may confer some 
level of resistance to the feeding of Japanese beetles.  Since these species have not co
evolved with Japanese beetles as a pest, one would not assume that any genetic resistance 
would be present. However, the results of this small study intimate that there is a 
possibility of genetic resistance, tolerance, or avoidance to Japanese beetle feeding within 
the two non-V. corymbosum species. 

Year of evaluation was a significant main effect in this study.  Years 2003 and 2004 
were not significantly different from each other.  On the other hand, 2005 had less 
observed feeding damage (Table 2).  This could be due to control factors that were 
implemented at the experiment station such as milky spore application and attractant 
traps. Another possibility is that after eight years of the first indication of Japanese beetle 
in Northwest Arkansas, and after roughly six years of heavy infestation, natural predators 
have emerged to help control the populations.  This is purely speculation until more 
observation and study can be made in subsequent years, although it has previously been 
reported that Japanese beetle populations drop to more manageable levels due to natural 
predators, diseases, and drought stress (Johnson, 2004).  Johnson (2005) also reported 
that the heavy clay soils in parts of Oklahoma may inhibit the spread of Japanese beetles. 
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Conclusions 
Genotypic differences were discovered within the populations studied, thus suggesting 
that resistance to Japanese beetle feeding damage may be genetically controlled and 
quantitative in nature. This also means that classical breeding could possibly be used to 
incorporate more resistance and molecular analysis might define markers that segregate 
with the resistant/tolerant trait.  The resistance may also be related to V. darrowi and /or 
V. ashei; however more cultivars need to evaluated to determine the extent of the possible 
resistance, tolerance, or avoidance. Japanese beetles will continue to be a problem in 
Oklahoma and Arkansas, but prudent measures to control the spread of the grubs in 
nursery and turf material will help to isolate the infestations. 
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Table 1. Mean separation of Japanese beetle defoliation ratings of blueberry cultivarsz. 

Genotype Mean defoliation ratingy Classification 
Duke  3.00 a   Northern Highbush 
Bluecrop 2.75 ab   Northern Highbush 
Reka  2.38 ab   Northern Highbush 
Brigitta 2.21 b Northern Highbush 
Ozarkblue 1.25 c Southern Highbush 
zPooled data for 2003-2005.

yRating scale based on 0 (no damage) to 5 (severe defoliation). 

xMeans within a column followed by a different letter are significantly different as

determined by t-test (P<0.05). 


Table 2. Mean separation of Japanese beetle defoliation ratings by yearz. 

Genotype Mean defoliation ratingy 

2004 2.70 a 
2003 2.40 ab 
2005 1.85 b 
zPooled data for 2003-2005.

yRating scale based on 0 (no damage) to 5 (severe defoliation). 

xMeans within a column followed by a different letter are significantly different as

determined by t-test (P<0.05). 
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Assessing and Supplying Your Fruit Crop Fertilizer 

Needs 


M. Elena Garcia 

Extension Fruit Specialist 


University of Arkansas, Fayetteville 


For an orchard to be economically successful, it must produce high quality fruit in large 
quantities. To accomplish this, an orchardist must integrate knowledge from various 
areas including pest, water, light interception, and nutrition into management practices.  
These practices interact to result in the total crop value which can be high or low, 
depending on how these practices are managed.  For example, during a drought, fruit 
trees may exhibit symptoms of nutrient deficiencies regardless of how much ground 
fertilizer has been applied. This is because many elements move though out the plant 
with the water taken up by the roots. Under drought conditions, water movement 
throughout the plant is impaired or diminished and therefore, not able to reach plant 
organs where they are needed. Irrigation under drought conditions would ameliorate the 
problem.  

Mineral elements can be either immobile or mobile within the soil.  For example nitrogen 
(N) in the NH4+ is immobile in the soil whereas NO3+ moves though out the soil.  The 
same happens once the elements are inside the plant.  There are some elements that are 
highly immobile within the plant.  Calcium (Ca) and boron (B) are two elements that are 
highly immobile in the plant, and these elements need to be added in a foliar manner in 
order to avoid nutrition problems.   

Monitoring mineral nutrition in an orchard is a must to maintain high productivity and 

produce high quality fruit. There are various ways to monitor of the nutritional status of 

the plants in an orchard and include: knowledge of the site and soil characteristics and 

conducting soil and foliar analysis on a regular basis.  The amount and availability of 

elements is determined by the soil type and pH.  A soil analysis must be conducted on a 

regular basis to determine if the addition of fertilizers has changed the soil pH and the 

availability of elements.  Foliar analysis should be conducted on a yearly basis to 

compliment soil test.  The soil test tells us what elements are  in the soil and the leaf test

tells us what has been up-taken by the plant.  The type and amount of fertilizer that has 

been applied to the soil and the cultural practices of the orchard will influence the results 

form the foliar and soil test.  Last, but not least, the orchardist personal observations and 

judgment will ultimately determine the proper nutrition program to be implemented for a 

successful orchard operation. 


Use the following suggestions for the various elements interpreting soil and leaf analysis  

Leaf N tends to be higher in samples from trees that are carrying heavy crop loads. 

Leaf N is reduced by drought or sod/weed competition. 
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You need to consider tree vigor and crop load when interpreting N concentrations. Shoot 

growth vigor is often an additional guide to use to determine if your N fertilization 

program is adequate. 

N is needed by the tree earlier in the season, i.e., during bud development, fruit 

set, and bud initiation and differentiation. 

Late summer applications of N may predispose the tree to winter injury. 


Potassium (K): 

Leaf K shows an inverse relationship with crop load. 

Leaf K levels decrease as the tree matures. 

Fruit size and color are positively correlated to leaf K levels. 

Leaf K might be reduced by drought or sod/weed competition.

Lower soil temperatures such as it occurs under mulch increases K uptake from the soil. 


Phosphorous (P) 

Generally tree fruits do not respond to P applications.  Any soil amendments need to be 

added prior to planting. 


Calcium (Ca) 

Uptake of Ca from soil is restricted to the area just above the root tip. 

Soil absorption of Ca is limited, thus the need for foliar sprays. 

Ca is one of the most immobile mineral elements. 

Competition from other cations such as K, Mg, and NH4 reduce Ca root uptake. Do not 

over-fertilize with these elements and compounds. 

Quick responses to Ca treatments are only obtained when Ca is put directly on the fruit 

because Ca moves very slowly in the plant. 

Encourage good pollination. Seed number affects fruit Ca. It appears that seeds 

help direct Ca to the fruit. 

Avoid water stress. For roots to absorb Ca, water must be present, and under severe water 

stress, the leaves can withdraw water and Ca from the fruit. 

Do not pre-mix calcium nitrate with Solubor. 


Magnesium (Mg) 

There is a relationship between leaf potassium and leaf Mg. The ratio between 

these two elements should not exceed 4 (K) : 1 (Mg). Ratios higher than 4:1(K:Mg) are 

considered indicative of Mg shortage regardless of the actual Mg levels. 

Heavy applications of K can induce Mg deficiencies. 

Besides potassium, the presence of other competing cations such as ammonium, calcium, 

and manganese can decrease the rate of Mg uptake from the soil. 

Ratios of Ca to Mg are important. Excess Mg can hinder Ca uptake. 

Mg is relatively immobile in the soil.

Moisture stress in the soil limits availability and uptake of Mg. 

Deficiency symptoms are more pronounced in young or plants  with heavy crop loads. 

Fruit Mg requirements are relatively high, and Mg is remobilized from spurs to the fruit 

and seeds as the fruit nears maturity. 
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Zinc (Zn) 

Zinc is known as the “growth” element because of its role in hormone production in the 

buds. 

Zinc deficiencies result in poor leaf and shoot growth, reduced flowering and fruit set, 

and reduced coloring and fruit size. 

Zinc along with potassium has been shown to have a significant effect in minimizing cold 

damage to flowers and bud tissues. 

Zinc deficiency is one of the most common deficiencies in fruit orchards. 

Zinc is not mobile in the soil and its availability to plants may be limited by high soil pH, 

high levels of phosphorous in the soil, high soil organic matter, and low soil temperatures 

Heavy phosphorous applications decrease availability of Zn in the soil. 


Manganese (Mn) 

Mn is involved in the evolution of oxygen in photosynthesis. It functions in the 

chloroplast as part of the electron transfer system. 

Mn concentration in leaves is strongly correlated to soil pH. Deficiency is accentuated by 

high pH. 

Mn containing fungicides may contaminate leaf samples. 


Boron (B) 

The major role of B in fruit trees involves fruit set. Apple, pear and cherry flowers are 

very high in B. If the B content is deficient, the flowers die. 

Boron may enhance the concentration of indoleacetic acid and influence flower bud 

development. 

The B needed in the flower is transported mainly from the reserves in the adjacent 

branches and not from the roots during the development flower. 

Close attention to B levels is important because both low and high concentrations 

cause poor fruit quality. 

Low B results in short storage life with the fruit having a higher susceptibly to storage 

breakdown and fruit deformities. 

High B results in a higher incidence of internal disorders for fruits that are stored for a 

long time.  

Boron does not move easily in the plant. In addition to foliar applications, it needs to be

added as a ground application. 


Sources. 

Rom, C. R. Tree Fruit growth and development.  In: Tree Fruit Nutrition. Shortcourse 

Proceedings. 1994. Washington State Fruit Commission  

Stiles, W. C. 2003. Micronutrient management in apple management. Proc. In-depth fruit 

school on apple mineral nutrition. 

Stover, E. M. Fargione, R. Risio, W. Stiles, K. Iungerman. 1999. Prebloom foliar boron, 

zinc, and urea applications enhance cropping of some ‘Empire’ and ‘McIntosh’ apple 

orchards in New York. HortScience. 34(2):210-214. 
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Using Volunteers for Horticulture Research 
Jason McAfee, Program Technician 


Kristen Harper, Graduate Research Assistant 

Heather Friedrich, Program Technician 


Curt R. Rom, Professor 


Department of Horticulture 

University of Arkansas 

Fayetteville, AR 72701 


PH: 501-575-2603 FAX 501-575-8619 

URL: http://www.uark.edu/ArkHort 


Jason McAfee grew up in Harrison, AR. He attained his BS of Agriculture studying 
Horticulture Production and Management from the University of Arkansas.  He is 
currently working as a full time program technician and finishing his MS degree in the 
area of tree fruit crops. Primary research responsibilities are in the area of fruit crop 
physiology, apple breeding, and production management with some emphasis on organic 
and sustainability. 

Beginning in the early 1990's, there was a significant erosion of financial resources for 
applied horticultural research at Land Grant Universities across the US.  Funding 
emphasis was switched from state and federal Ahard-funding@ for existing projects to 
competitive grants from federal agencies, grower groups, and charitable foundations.  
Although this switch has made research very dynamic and competitive, it has had some 
negative impacts. Particularly, this change has made it difficult to continue long-term 
research such as orchard and fruit crop research, which has long establishment periods, 
high management costs, and high labor costs.  For instance, it is difficult to find funding 
to support research on fruit crop cultivar and rootstock testing and development even 
though this work is probably the most needed by growers in Arkansas and Oklahoma to 
sustain the regional fruit production businesses.   

Because of the success that has been reported in other states using volunteers in 
horticulture gardens, both public and university, it was hypothesized that an analogous 
program may work to support tree fruit research in Arkansas.  It was thought that if 
constructed, developed and executed correctly, such a program would be a Awin-win@; 
volunteers would gain from experience and knowledge of their involvement in a well 
established research program and the opportunity to work with research and technical 
staff, and the research program would benefit from the infusion of motivated and 
interested labor. 
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Beginning in spring 2004, the UA fruit crop research program started using volunteers as AFriends of 
Fruits@ to contribute to the research effort.  The pool of volunteers were from the northwest Arkansas 
counties UA Cooperative Extension Service Master Gardener Program.  Participants were required to 
have completed Master Gardener training program, which included 6 hours of training on fruit crops.  
The volunteer service would count towards the Master Gardeners= Apay-back@ volunteer service which is 
required by that program.  The Friends of Fruits were scheduled and managed by the program research 
project technicians.  Each volunteer received a hat, a Horticulture Department t-shirt, and work gloves.  
They were expected to be dressed appropriately for scheduled activities.  The research program supplied 
work supplies and tools. Volunteers were asked to work ~ 4-8 hours per week.  All volunteers were 
required to sign a liability waiver in case of accident or injury while participating in the program. 

Types of activities volunteers contributed were data collection and plot management.  Data collection 
included fruit harvest, tree growth, fruit quality analysis, and insect and disease ratings. Plot 
management activities included pruning, mulching, thinning, and pests scouting.  Volunteers also 
contributed to computer data entry and information searches via web and library.   

Volunteers were recognized by the horticulture department in 2004 and received participation 
certificates for their contribution at the annual horticulture reception banquet.  The newspaper also 
acknowledged them.  In 2005, volunteers organized to sort and pack ~ 4 tons of apples to donate to the 
Hurricane Katrina evacuees.  Apples were shipped to many locations around the region.  This received 
media attention.  The fruit research program offered transportation to the annual Clarksville Fruit 
Substation’s annual field day. Volunteers were able to interact with other researchers and growers from 
the region and participated in workshops and field tours. 

Evaluation surveys were given at the end of each year to get feedback from the volunteers about the 
program.  Questions asked and general responses were as follows. 

Q. What costs were associated with the program? 
A. Most responded on the amount of time and gas required to travel.   

Q. What were the benefits to you that were associated with your volunteer work? 
A. Most responded to the learning environment that allowed them to ask questions while working on 
activities. Time went by fast due to friendly socialization while working.  Volunteers acknowledged 
that they gained a lot of knowledge during the program.  Many expressed that they were able to apply 
many things learned towards other outreach programs and volunteers. 

Q. What type of support has the Friends of Fruits program provided to you? 
A. Equipment and training was sufficient to complete weekly activities. 

Q. Was the training and supervision adequate for your needs? 
A. All agreed supervision was excellent and friendly. 

Q. Is there any other support that the Friends of Fruits program could provide to assist you? 
A. Many expressed interest in future training for additional organic growing practices and fruit tree 
grafting. 

Q. How does the Friends of Fruits program recognize your contributions? 
A. Media attention acknowledged volunteer commitment and dedication.  Participation certificates were 

42




received. Public attention was given to the Hurricane Katrina contribution.  Transportation to the annual 
fruit field day was appreciated. Simple things such as coffee and donuts were also appreciated. 

Jason McAfee comment:  “The Friends of Fruits program has been a success in utilizing community 
volunteers to aid in horticulture research.  Master gardeners can further utilize knowledge and 
horticultural techniques learned in the program into outreach programs and other volunteer work around 
the community.”   

The overall success of the program and the dedication by the volunteers has allowed the fruit research 
program to continue the Friends of Fruits program for a 3rd year. As with each year of the program, the 
program supervisors will continue to provide volunteers with new knowledge through activities and 
workshops provided during the growing season. The Friends of Fruits program may be used as a model 
for other universities and state agencies.  In addition, growers may be able to coordinate activities on 
their farms with the help of volunteers such as charitable contributions to nonprofit relief agencies or to 
provide educational events such as school tours.   
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How to Start a Commercial Peach Orchard 

Becky Carroll 

Extension Assistant 


Oklahoma State University 


Peaches are a summer-time favorite of many Oklahomans. Nothing can quite compare with the fresh 
picked taste of a juicy tree-ripened peach. With the right site and good planning, the profit potential of 
growing peaches can be great. Although Oklahoma’s peach production and acreage has been declining 
over the years, money making opportunity still exists for many prepared growers.  

An ideal orchard would be located on a north facing hillside with a slight slope, never have had woody 
plants grown there. The soil would be 4 feet of well-drained sandy loam. There would be an unlimited 
supply of high quality irrigation water. A well-maintained road should be close to a large population of 
peach hungry consumers, good neighbors that enjoy a bushel of peaches each summer! 

The five most important things to select when choosing a peach orchard location are 1) elevation & air 
drainage; 2) soil type & drainage; 3) water quality & availability; 4) site history; and 5) market.  

The most important factor is elevation & air drainage. Cold air, like water will flow downhill and collect 
where something impedes the flow. The more elevation without something to dam up the cold air, such 
as a tree line, the better chance growers will have to escape these blossom killing frosts. Peaches bloom 
in mid-March in central Oklahoma where the average frost free date is mid-April. Freezes commonly 
occur when peaches are blooming; only sites with ideal conditions can escape these financially 
devastating seasons. If the gradual slope is on the north, it will warm slower in the spring and may delay 
bloom slightly. Successful peach operations are located on sites with good elevation and air drainage. 
An orchard planted in a low-lying frost pocket will usually not be profitable. 

Peaches can not tolerate “wet feet” or areas that the roots stand in water. Make sure the orchard location 
has deep well-drained soil, without restrictive layers such as rock, clay, hardpans, or high water tables. 
Check the soils ability to drain by digging a two foot hole, fill with water, and let it drain out 
completely. Refill with water and if the water drains out within one or two days, the drainage should be 
adequate. The orchard should have good surface water drainage also. After a heavy rain, water should 
run off the site, leaving no standing water. If the water drainage is lacking, planting on berms, using tile 
drains, and making ditches can assist with moving out the water.  

Irrigation is essential in establishing new trees. Irrigation can supply needed water for vigorous growth 
and earlier production. Larger fruit size and yields are benefits of additional irrigation. Drip emitters and 
micro-sprinkler irrigation are common methods of supplemental irrigation. Peak water requirements 
coincide with fruit sizing, usually in July or August, with 2 inches of water per week needed. With new 
trees one emitter in the drip line per tree will be sufficient and additional emitters can be added later as 
trees grow. Adjust sprinkler volumes on micro-sprinklers to fit with tree sizes. Water quality is 
important when using drip irrigation. If irrigation is not available, increase tree spacing and keep weed 
competition in check.  

Orchard locations should be free of woody plants for at least five years, especially oak and other fruit 
trees. Root rots can be transferred to newly planted trees if land is not allowed to fallow wherein existing 
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roots and wood can decay. During this time, after clearing timber or existing orchards, plant wheat or 
sudan grass. 

Market proximity and ease of access will be important in a successful business, especially if consumers 
will be coming to the orchard for “pick your own” or on-farm sales. The marketing decisions should be 
made early on to ensure success. Consumers love to come and pick their own fruit. “Pick your own” 
operations can be successful with easy access to trees and will require less harvesting labor. Peaches can 
be picked and sold at road side stands, farmers markets, or wholesale to grocery stores. Profits will be 
larger if the majority of fruit is sold at retail markets. Creativity in marketing and advertising can attract 
people from great distances. 

The Year Before Planting 

Before planting one should take a representative soil sample, and correct for any problems, such as pH, 
or deficient phosphorous and potassium levels.  Don’t worry about nitrogen levels until after trees are 
planted. Take a separate soil test for nematodes. Control any perennial weeds such as bermudagrass or 
johnsongrass. These are much easier to control before trees are in place. Plant the area to a sudan grass 
or winter rye to increase organic matter.  

Select the desired cultivars to be used and place order early to ensure cultivar and rootstock availability. 
Many factors should be considered before selecting cultivars. There are many choices available but do 
your research – find out what peaches you like and what your customers like.  Yellow or white flesh, 
cling vs. freestone, melting vs. non-melting, are some selections to choose from. All peaches bloom 
within about a week but they ripen anywhere from June to October. Don’t have all your peaches ripen at 
one time. Extend the ripening season to fit your needs. Choose Bacterial Leaf Spot resistant cultivars to 
avoid later problems and cold hardy selections if in a frost sensitive area. Fact Sheet #6210 Apple & 
Peach Varieties for Oklahoma provides information on selecting peach cultivars.  

Use an Oklahoma recommended rootstock such as Lovell, Halford, or Guardian. There is no need to 
purchase large trees if irrigation is available. A less expensive 18-24” tree with irrigation will be 
sufficient. 

Planting 

Lay out rows and tree spacing. A standard spacing is 18 feet within row and 24 feet between rows. If no 
irrigation will be used, spread spacing to 25 ft x 25 ft. High density plantings are becoming more 
popular and can be an option for many growers.  

Spray rows with gramoxone or glyphosate or till rows leaving row middles intact. Have irrigation 
headers in place or a plan for watering trees after planting.  

Trees should be planted in mid-February or early March before bud break. Protect the roots from 
freezing or drying out until planted. Soak trees in water overnight before planting. Dig holes to plant 
trees at same depth as grown in nursery. Do not amend the planting holes with any fertilizers. Prune off 
any damaged roots and plant tree, tamping the soil down to eliminate air pockets. Water the tree well to 
make certain that the soil settles around the roots.  
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Apply a pre-emergent herbicide to control germinating weed seeds. Weeds compete for water and 
nutrients and can harbor pests. Maintain a weed free strip, 4-8 feet wide adjusting to tree size. Properly 
used pre- and post-emergent herbicides work well to control weed problems. CR-6242 Weed Control in 
Pecans, Apples, and Peaches provides details on controlling orchard weeds.  

Prune the trees to about 18-24 inches tall. This will force new bud growth at this height to be used later 
in scaffold selection. Pruning the top also balances the above ground portion of the tree with the root 
system.  

During the first couple of years, growing a tree is the first order of business. Proper scaffold selection in 
years 1 through 3 will give good structure and earlier production. Pruning is an annual orchard 
management chore, but will keep trees productive and manageable. Consult Fact Sheet #6228 Annual 
Pruning of Fruit Trees for more pruning information.  

To meet the fertilizer requirements of the tree use a complete fertilizer such as 10-10-10. Apply 1 pound 
after bud break the first year in a strip about 6 inches from the trunk. In year two, apply two pounds 
before bud break and in year three, 1 ½ pounds before and 1 ½ pounds after budbreak. During the 4th 

season, fertilize by leaf analysis. Fact Sheet #6232 Fertilizing Pecan & Fruit Trees details the procedure 
for submitting a leaf sample. 

In a non-bearing young peach orchard the main pests that need control are insects and diseases that 
affect the leaves or trunk. Peach Tree Borer, Peach Leaf Curl and other leaf feeding insects should be 
controlled by following recommendations provided in Current Report #6240 Commercial Peach Insect 
& Disease Control. 
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“Mistakes I have Made in the Strawberry Business” 
by Ron Lyle Family, Rolling Hills Farm 

Raised Bed Strawberry Production 

I Major Secrets For Success 
A. Do a lot of reading before you start 
B. Listen to people who have grown strawberries-learning from experience is great, but other 
peoples' experience is a lot cheaper than your own! 
C. Start small-you will make mistakes, so try to make small mistakes! 

II Site Selection 


A. Strawberries need well drained soil-moist, but never submerged 
1. Sandy loam is great 
2. Sandy clay can work with raised beds the more sand the better 

B Relatively flat site is best 

1.Precision leveling is worth the money (or effort) 

2. Slight slope running with rows a help in clay soils 


C Avoid frost pockets 

D Water availability (for irrigation and frost protection)


1. Quantity 
2. Source 

a. Salinity 
b. contaminants 

(1) algae 
(2) bacteria 
(3) sand 

b. pH 
c. cost 

3. Cost 
III Site Preparation 

A. Cultivation 

B pH Adjustment 

C Sterilization 


1. Fumigation 
2. Flame Sterilization 
3. Solarization 


D Moisture Content 

E Pre-plant fertilization

F Rototilling 

G. Raised bed construction 


1 Row spacing 

2 Row straightness 


H. Laying plastic mulch and drip tape 

1 Equipment 

2 Plastic Mulch 

3 Drip Tape 


47 



I Pre-plant watering 
J Predator Control 

1 Crows 
2 Deer 

IV Planting 
A. Spacing 
B. Timing 


V Care and Feeding 

A. Watering 

1. Variation with soil type 
2. Moisture Monitoring 


B Fertigation 

1. all 

2 Spring 


C. Fall growth period-weather protection 
D. Winter protection-frost blankets 
E. Spring frost protection 

1. Frost blankets 
2. Sprinklers 

VI. Profits From Season Extension 
A. Early Extension 

1. Early Bloom 
2. Frost Protection 

a. Hoop House 
b. Low Tunnels 


B Late Extention 

1. Mist Cooling 
2. Shading and Ventilation 

Strawberry Post harvest Handling 

Extending Shelf Life 

I. Delaying decay 
A Pick with gloves 

1. consumer health safety 
2. strawberry shelf life extended 


B Sanitize field boxes 

C Sanitize cool room

D Get rid of field heat 


1. the cooler the sooner the better (31 degrees) 
2. sort and pack after cool and firm for less bruising 

II Avoid bruising 
A Picking (without pressure) 
B Right container and use of it Weight=pressure+ field heat = jam (squashed, bruised berries) 

throw a ways or jam berries 
C. Keeping Berries Beautiful 
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1. Even cool temperature (check with a thermometer every 3 hours, write it down) 

2 Keep cooler sanitary when empty sanitize walls, coils, shelves, and floor. 

3 Dehumidify if possible and keep air moving 

4 DO NOT STORE NEAR STRONG FLAVORS OR ODORS 

5 First in, first out. How to keep track of your berries. 

6 Merits of individual boxes and flats that are available 


a. Cooling, sanitation, looks, berry showing, cost 
b. Pulp (green) boxes, plastic lattice, wood box, quart clam shell, two-part 
square, individual (egg) container 

7 Taking care of box condensation before you get to market 
8 Educating customers about keeping berries fresh at home 

Marketing Strawberries 

Why talk about marketing?  Growing strawberries costs money, it is when you sell them that you make 
money. 
I.	 U-Pick 

A. 	Affordable advertising 
1. Road signs require licensing if not on your own land if visible from state or federal 
highway. 
2. Real estate size signs can be put up temporarily on county roads giving directions 
to your farm 
3. Radio advertising sometimes by giving berries to the DJ can get free mention 
4. Newspaper advertising is relatively cheap in the classifieds ask for space around it or a 
box 
5. Sometimes TV "news" can benefit you 
6. Name and address on picking containers for repeat customers 
7. Business cards can be made on a computer 
8. Groups that might want to come together to pick, Sunday School classes, fundraisers, 
4-H clubs, homemakers, homeschoolers  

B. Teach your customers how to pick those ripe strawberries. The redder, the riper, the sweeter. 
II. Farmer's Markets 

A. Call early to reserve your space. Know the rules and follow them. 
B. Know the opening dates of the different markets then advertise in the newspaper when you 

will be there 
C. Attractive display, always make it look as full as possible, tilt so you can see them, let them 

pick out the one they want 
D. Have bulk sales available (Flats with special price) 
E. Comfortable farmers smile easier and sell more (chair, water, jacket, and a hat) 
F. Recipes include your farm name and phone number 
G. Samples are usually not allowed by the market rules 

III. Other Sales Opportunities 
A. Sell seconds as jam berries 
B. Long stemmed berries for weddings, special events, banquets, sold by quart of by number 
C. Grocery and health food stores 

D. Restaurants 
D. Schools, (nursing homes do not serve because of restricted diets with no seeds) 
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IV. Sell the health benefits if strawberries 
A. High in vitamin C 
B. Good source of fiber 
C. Contain antioxidants. 

V. Other strawberry products 
A. strawberry jam ( toppings, syrups, frostings, stir in oatmeal) 

1. Licensed kitchen, labeling, must schedule ahead, amount required, consider cost 
involved money has a time value 
2. Make a gift basket with jam for Christmas for families or business gifts) 

B. Dipped in chocolate 
1. Holidays (Valentines, Easter, mother's day) 
2. Fairs, special events, graduations 

C. Strawberry leaf tea 
VI. Seeing is believing 

A. Pictures of your farm people "see you growing them" 
B. Branding; label your berries with your farm name on the box 
C. I like having you for a customer (Smile, and greet them "How many strawberries do you need 
today?") 
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Tree Fruit Crop Load Management: An update of current practices 

and new research 

Curt R. Rom, Professor 

Jason McAfee, Program Technician 


Department of Horticulture 

University of Arkansas 

Fayetteville, AR 72701 


PH: 501-575-2603 FAX 501-575-8619 

URL: http://www.uark.edu/ArkHort 


C.R. Rom grew up on a fruit farm in Northwest Arkansas.  He attained a BS of Agriculture studying 
Horticulture and Business from the University of AR and earned his MS and PHD degrees from The 
Ohio State University. He was a horticulturist at the Washington State University prior to becoming a 
professor at the University of Arkansas in 1989.  He has broad responsibilities for horticulture 
education, and research on fruit crop physiology and management, and organic and ecologically-based 
production systems.   

The goal of successful tree fruit management is to optimize crop load, not to maximize annual crop load.  
This is because of the physiological relationships which occur in the tree as it grows.  As fruit number 
increases, fruit size and quality decrease.  Similarly, the larger the crop carried in any given season, the 
less return bloom will occur the following season.  Maximizing crop load will result in erratic annual 
production of small, low quality and low value fruit.  Lastly, a heavy crop load significantly reduced tree 
vegetative growth thus limiting production for years in the future.  So, the orchard management goal is 
to carry an optimum crop load that allows for maximum fruit size and return bloom.  Fruit growers must, 
therefore, plan a strategy to manage crop load by thinning flowers and developing fruits from the tree to 
establish the optimal crop load.  

There are three primary times fruit growers can initiate a crop load management and fruit thinning 
program; 1) prebloom, 2) during the bloom period, and 3) during the immediate post-bloom period.   
Crop load management is a year-around task and growers should keep crop load management on their 
minds at all times.  

 Growers manage the prebloom crop load by summer pruning the previous season and proper dormant 
pruning annually. A goal of pruning should be, in addition to establishing good tree structure and light 
relations, to eliminate excessive flowers and stimulate vegetative growth.  After pruning only the best 
fruiting wood should be left - those which have large buds, are supported by strong wood, and are 
adequately exposed to light. It has been estimated that 20-30 percent of the existing flower buds should 
be removed by annual pruning.   

During the bloom period, late-opening and small flowers can be removed to allow the early opening and 
largest flowers which will produce the largest and highest quality fruit to persist.  Flowers can be 
removed by hand or by several mechanical means such as mechanical/robotic rope thinners, high-
pressure hydraulic thinners, etc.  More commonly, chemical thinning sprays are used.  These sprays are 
applied after two to five days of good pollination of the earliest opening flowers.  After those flowers 
have been pollinated and fertilized, the later opening flowers are removed by application of caustic 
chemicals which kill pollen and/or desicate pistils. Such chemicals prevent pollination and fertilization 

51


http://www.uark.edu/ArkHort


 

  

 
 

and do not allow new fruits to develop. The first chemical to be used this way was Elgetol (DNOC), an 
herbicide, which lost its registration for use about a decade ago.  Other chemicals such as WilThin, 
Endothall, Ammonium Thiosulfate (ATS), can be used and have registration.  Bloom thinners often are 
useful both on apples and peaches.  It is noted that several of these thinning agents can cause russet or 
marking on fruits of some cultivars.  Growers should test treatments on cultivars before using as a 
standard management tool for all cultivars.  

Bloom thinners have significant risks, especially that of the occurrence of late frosts.  If early blooms are 
allowed to be pollinated, fertilized and set, and late blooms are removed, then a late bloom frost which 
kills the developing fruits can have devastating effect.  For this reason, bloom thinners have not been 
recommended for the Arkansas and Oklahoma region.  However, now with increasingly sophisticated 
meteorological prediction systems such as the OK Mesonet and several free and subscription on-line 
services, bloom thinners may be a potential tool to be considered.   They should only be used if it is 
obvious that there is frost-free weather during the bloom period.     

Post bloom thinners must be used in the first twenty days after petal fall and there is essential no effect 
on fruit size, return bloom or vegetative growth if thinning (even hand thinning) is done more than 40 
days after bloom.   Chemical post-bloom thinners typically work by three different modes of action.  
First, some post-bloom thinners cause embryo abortion in young and/or weak developing embryos. 
Fruitlets with low or no seed number will abscise.  Second, chemicals may stimulate an abscission layer 
to form at the connection point of the fruit stem and flower cluster.  Last, some chemicals cause an inter-
fruit competition for carbohydrates by either altering carbohydrate distribution or limiting supply by 
causing a transient reduction in photosynthesis.  Some chemicals work by one or more of these modes of 
action. In all cases, the early pollinated fruits which are noticeably larger during this period will not be 
affected while younger fruits will; the young small fruits will abscise 15-20 days after treatment. 

Common post-bloom thinners are fruit thinning auxins such as NAA and NAD applied at 4-15ppm at 
10-15mm fruitlet diameters (10-15 days after petal fall), Accel applied at 25ppm at 7-20 days after petal 
fall. Auxin thinners can cause pygmy-fruit on some cultivars where seeds are killed but the fruits do not 
abscise and do not develop. Accel can also increase fruit size due to its growth regulating effects in 
addition to the thinning response. However, both NAA and Accel both have problems.  The response to 
these thinning agents is very temperature dependent with minimal effects if the daytime temperature is 
below about 65oF or above about 80oF; they work best when the day time temperatures in the five days 
after bloom are 65-75oF with clear sunny conditions. Another popular thinning treatment is the 
application of the broad-spectrum insecticide carbaryl (Sevin XLR) is applied 15-21 days after bloom at 
1pt/100 gallons. Although a very good thinner, application of carbaryl should not be used if there are 
blooming cultivars or other crops nearby as it is a potent pesticide against bees and can kill hives and 
taint honey.  Because it is a broad spectrum insecticide it can have a negative impact on an integrated 
pest management program as this treatment may be destructive to beneficial insects even though applied 
as a plant growth regulator. Severe mite infestations have occurred after late use of carbaryl as thinning 
agent. A difficulty with all post-bloom thinning chemicals is that the results of the treatments often take 
two to four weeks to manifest and be visually obvious.  

All-in-all, there is no simple, magic solution to crop load management.  It is best to use a multiple-
pronged strategy which would include prebloom crop load adjustment by attentive annual pruning, post-
bloom thinning chemical treatment, followed no later than 30-40 days after bloom with touch-up hand 
thinning. Bloom thinners will have a place for sophisticated and knowledgeable managers with good 
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meterological forecasting; bloom thinners should only be used in the absence of frosts during the bloom 
period. 

In our lab, we have been studying alternatives, especially useful in organic or ecologically based 
production systems, which may have a place in the production system in Arkansas and Oklahoma.  We 
have tested liquid lime-sulfur and fish oil (both at 2% concentration) applied at full bloom and petal fall.  
This has been demonstrated to be a useful bloom thinning treatment but has the draw-back of frost risk.  
Although we have not tested it, in other eastern regions, the same treatment applied twice at five and 15 
days after petal fall has been effective.  The bloom treatment has been effective on peaches as well as 
apples while the post bloom treatment has only been effective on apples and is not effective on peaches.   
The treatments may cause russet on russet-prone apple cultivars and may cause some leaf burn.  This 
treatment warrants consideration for use and growers in Arkansas and Oklahoma are encouraged to 
conduct on-farm tests with a few trees prior to wide-spread adoption in a commercial setting.  

We have tested more than 50 other chemicals which may have potential as bloom thinners killing pollen 
and pistils, and post bloom thinners which may cause a transient reduction in photosynthesis and 
possibly ethylene-induced embryo abortion.  The tests have been laboratory and greenhouse studies and 
we have completed several preliminary model tests in the field.  The goal of these tests was to screen 
potential chemicals and identify appropriate concentrations for field testing.  Larger scale field testing is 
planned for spring 2006 and 2007 with the hope that new treatments will be available by the end of the 
decade. 

If growers are interested in receiving test protocols for the use of lime-sulfur and oil, please contact us.  
If growers are interested in having their orchards used for field tests, we would welcome the 
collaboration. 
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The Twelve Months of Herbs 
Jalene Riley


Utopia Gardens 

Drumright, OK 


Jalene Riley is co-owner of Utopia Gardens, Drumright, Oklahoma.  Nancy Waltrip is the other co
owner and resides in Tulsa, Oklahoma and houses a small greenhouse at her residence for propagating.  
We sell some wholesale, retail from the greenhouse, Cherry Street Market, and herb fairs throughout 
Oklahoma.  I work full-time in Tulsa, have 2 grown children and 1 in high school.  My husband is very 
useful for running errands, the heavy stuff when the middle son is not around and helping me keep on 
track. 

Before I start I will be passing out for you to look at some magazines that we value and enjoy.  Also I 
want you to pass around to enjoy some of the herbs we are growing.  We were checking out some seeds 
and so have some new babies.  I'm sure you are all familiar with them, so just enjoy and I hope this talk 
gets you excited for the new year. 

We started the business of selling herbs, unusual perennials and annuals 9 years ago through the Cherry 
Street Farmers Market in Tulsa, Oklahoma.  It was the beginning of the Cherry Street Farmers Market 
and was only open from 7 a.m. until 11 a.m.  Nancy was looking for a different job other than oil and 
gas accounting and gone back to school for an associates in horticulture to add to that accounting degree.   
I was looking for part-time work that was enjoyable.  I have been around gardening or farming all my 
life. In fact, if memory serves correctly I made several statements in high school about never planting a 
garden, picking another green bean or helping weed a strawberry bed as long as I lived.  I was tired of 
helping put up corn, canning green beans or picking blackberries.  My mother likes to remind me of that 
when I tell her how many jars of green beans I have put up or how many new blackberry bushes I have 
planted. Anyway the market since we sold herbs and perennials only lasted until the end of June and 
then I sold a few plants mostly gallons and Porter peaches for 2 weeks.  That lasted a couple of years 
before my husband built a small hoophouse in our backyard for expansion purposes.  Five years ago we 
moved out of Tulsa to a rural community, Olive, which is close to Drumright.  Together we went to an 
auction and purchased a 21' x 48' greenhouse and had a memorable experience using several teenage 
farm boys to construct and get where we are today.  We did much of everything by the book and am 
very glad we did.  The circulation is great and keeps the heat down in summer and not too cold in 
winter. Although we keep saying we would do a new one cheaper I think skimping on fans or louvers 
would not be a savings in the long run.  None of us were carpenters except maybe my son and we had 
several tools to buy and I am sure several of you would argue that we overdid some of the bracing.  The 
greenhouse has withstood heavy winds, hail and even heavier storms.  Our neighbors are shocked I think 
they thought that the city kids would find the greenhouse in the neighbor's pasture at some point.  As I 
am sure everyone here will agree we still need much more room, but with no time or capital to construct 
another one or two we are making do with what we have built.  It has been difficult to assure our 
husbands'  the need for additional greenhouses since getting rich hasn't happened, sorry to break it to 
some of you.  It's taken awhile to get where we are today, but yet it seems time has passed quickly.   

We do get to buy some of the plants we would have purchased anyway (how else do you think we 
choose new ones) although planting them only gets done late in the year.  I laugh when anyone says you 
must have a beautiful garden. I have twice let my strawberry bed be completely overtaken with weeds.  
The internet was going to be our big jump start and Nancy spent hours setting up a website.  Then when 
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we looked into what we wanted versus what we could afford, let's just say it has taken a backseat at the 
moment.  The learning curve was big. I once listened to a talk by Tom Bergey talk about the difficulty 
in getting plants ready to ship and couldn't imagine why it would be so difficult.  Until I helped research 
shipping boxes, UPS rates, laws on shipping plants to certain states, plants that are outlawed in some 
states as invasive, researched E-bay, digital cameras and shopping carts by that time I just wanted to run 
back to my greenhouse and plant.  But someday we hope to earn enough to quit those day jobs and 
become full-time growers using the internet along with our other avenues.  

The herb fairs start the first weekend of April and continue through the first weekend in June.  When we 
are not at a show we are at Cherry Street Farmers Market.  We've added wholesale for the herbs because 
we were having difficulty finding certain plants at the right time and after discussions with other 
growers realizing we weren't the only ones.  If you do find them getting them shipped from a northern 
grower soon enough to get them ready for our shows is next to impossible.  We decided that plug flats 
don't take up much room and that if we could perservere most wholesale would be done by May.   
Although the wholesale end didn't take off last year like we hoped it seems to be hitting the ground 
running this year. Wholesaling, we have learned, is a difficult business to get into.  Different retailers 
want different sizes and herbs still are not a big part of everyones' shelf space.  Buying local should 
apply to plants, as well as, produce.  Retailers in Oklahoma should be able to buy plants they want to 
buy when they want to buy them.  Our plants are grown for this regions' weather swings and we usually 
try to grow them for at least a year so that we can tell customers what works for our yards. Shipping 
prices, no minimums and gas prices all were factors we tried to sell.  

Last year even though we were afraid we would have too many plants since wholesale didn't grow as 
anticipated life worked out great because at the last minute Sand Springs Herbal Affair and Jenks Herb 
Fair called us and then we were worried we wouldn't have enough plants for our last show at Ponca 
City. 

June brought a tornado on the way home from the Ponca City Herb Show and a big new order from a 
local retail show.  Wow, now would we have enough to fill their orders.  I will have to give some credit 
to the gas prices going up and the fact that so far for local retailers we have not set a minimum order.  
This allowed us to get our feet in the door.  We were planting basil the end of May and potting up little 
plants to get them to grow big for the fall orders. After talking to we were blue in the face about planting 
herbs in the fall we finally had our chance.  It worked pretty good, but we will be better prepared this 
year. I still say you can sell basil, rosemary and lavendar on a constant basis.  We had sold out of 
lavendar early in the year and as most of you know it doesn't reproduce quickly.  For the last 2 years we 
have run ads in Drumright, Cushing and Bristow papers for a weekend sale.  It brings out a few people 
and spreads the word. You can sell all those odds and ends and meet great customers.  For as out of the 
way as the greenhouse is you would be surprised at the traffic it can bring in.  Nancy even had an 
electrician that stopped by to visit last summer looking for unusual elephant ears. 

For the last 2 years we have run ads in Drumright, Cushing and Bristow papers for a weekend sale 
towards the end of June. It brings out a few people and spreads the word.  You can sell all those odds 
and ends and meet great customers.  For as out of the way as the greenhouse is you would be surprised 
at the traffic it can bring in. Nancy even had an electrician that stopped by to visit last summer looking 
for unusual elephant ears. 

Just about the retail sales stopped it was time to get ready for Carols and Crumpets, a show the first 
weekend in December.  We were asked to bring herb pots, individual herbs, toparies and poinsettias.  
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Nancy stenciled pots, which we discovered, were pretty much ignored by the customers.  One thing less 
to do next year. The topiaries weren't really ready (note to self) start earlier.  A lesson also learned was 
how fast basic herbs like basil, rosemary, oregano, thyme, parsley and sage grow in October and 
November.  The parsley and basil got a little big. We were surprised how many people still asked for 
lavendar and I am still not sure how good I would have felt about selling it in the middle of the winter, 
as least the other herbs were usable at the time of sale.  We also discovered that the 6 eucalyptis we had 
left from spring would have sold quickly.  Only one made the cut of space in the vehicles and was sold 
immediately.  Next year we will bring much more and probably won't sell a one.  We were also 
fortunate to find bay trees at a price we could afford and sold quite a few. 

At this same time we had poinsettias growing.  A local grower had talked us into trying 30 pots.  He was 
planting them 3 in a pot and assured us they wouldn't be much trouble.  So the greenhouse was kept a 
little warmer than ususal.  While we were deciding about the poinsettias a call came from a broker who 
needed a go-between for some churches in Drumright and Cushing.  After a few calls to make it worth 
our while and we decided to say yes we would sell poinsettias.  We ordered the churches ready to go 
poinsettias, in case we failed miserably with the other plants.  It went pretty well. Yes, the 30 
poinsettias turned although we will have to give credit to the grower who sold them to us.  I think he was 
worried about our all natural view point. He did whatever you do to get them started and then turned 
them over to us.  Knock on wood we didn't have any of the many problems the book of poinsettias states 
you can have with them.  I still will not admit to being a poinsettia grower just a finisher.  We did find 
out that at Carols and Crumpets the different looking poinsettias sold better than traditionals.  We will 
have more of the multi-colored ones next year along with the traditional red ones.  A local florist is even 
calling us now for unusual requests and helped us sell the last of the poinsettias.  Talk, talk and talk 
mention to everyone what you do.  Conversations create business. 

Our first venture into fall selling wasn't a great success.  We had pansies, violas and gallon herbs.  
Although it seems you can sell basil, rosemary and blooming lavendars at any time of the year it just 
wasn't enough money to continue.  This last year utilizing our talents and networking, we think we have 
finally found a little success in using the greenhouse close to twelve months. 

Trial and error have played a major part.  We have learned that overprotecting plants in the greenhouse 
only produces an abundance of pests.  Keeping plants outside unless weather warrants or to mature them 
for propagating is better usage of nature. Rain, unless it is like now when we have none, wind and 
natural enemies of pests can help without a lot of effort. The cooler nights and warm days can also help 
so that you don't have to tell every customer that they will have to harden off the plant before planting.  
We use organic fertilizer from Debbie Pleu most of the time and try to only use soap and oil to deter 
pests. We have resident lizards, tree frogs, toads and lots of lady bugs.  We have a few orb spiders and 
big grass spiders that we try not to scream when they move when we water.  It's great to find 
earthworms in a pot into which we have added compost.  This is not to say that we don't fight mealy 
bugs, spider mites and, of course, aphids. 

We have learned that our different likes and different gardens compliment each other.  Nancy has a 
shade yard and mine is straight sun.  She likes pastels and all things new and I like bold colors and lean 
toward the old-fashioned. We combine our efforts along with repeated requests from customers to order 
seeds, plants and agree what should be planted in the yard, but didn't work for retail.  I love to talk and 
don't mind selling our plants to others; Nancy is great at growing and reminding me how fast or slow we 
can produce. Our choices are usually not sold at the box stores since competing with their prices is not 
profitworthy. 
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Nancy's small greenhouse in town has become our propagation room and we have finally set up that 
mist system that people have told me was so easy.  Nancy is now discussing with my husband how we 
can mist the big greenhouse.  What will I do with that extra time?  We also discovered how important it 
is to change that greenhouse plastic.  We lost a lot of plants and seedlings last year in Nancy's 
greenhouse blaming everything, but the plastic.  Well, we put up new plastic and put in a new inflation 
fan and wow no trouble as of yet this year. 

We have started keeping our books on Quickbooks and Nancy is doing a great job at struggling to learn 
how to use it. Boy am I glad she enjoyed her accounting better than I did.  Using Turbo Tax for 
partnerships is making her job a little easier after all the pain of learning and gathering information.  I 
have also added giving talks to Master Gardeners, although they still tend to intimidate me, Tulsa 
Garden Center and now HIS, which also is rather intimidating.  The pluses of our business are huge:  the 
people you get to talk with, the people you meet who know others, and the joy of gardening.   

I would like to finish by throwing out some plants that have been difficult to find to ask for your 
assistance in these such as:  Barbeque Rosemary, Black peppermint, Green Pepper Basil, and Varigated 
Mrs. Roberson's Geranium.  I would also like to wish you a happy 2006 year of the Scented Geranium.   
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How Sunrise Acres Extends the Growing/Marketing of Herbs 
Robert and Barbara Stelle 


Sunrise Acres 

Blanchard, OK 


Robert & Barbara Stelle have owned & operated Sunrise Acres, located 6 1/2 miles north of Blanchard, 
OK for 10 years. Robert retired from AT&T/Lucent Technologies in 1996 and since then has worked 
full time building greenhouses (His last will make close to 10,000 square feet) and growing vegetables 
in a 2 1/2 acre market garden, herb and vegetable transplants.  Barbara has recently retired to help full 
time with growing and harvesting herbs and vegetables.  Sunrise Acres has been a vendor at the OSU
OKC Farmers Market in Oklahoma City since 1996. In November 2003, Sunrise Acres became USDA 
Certified Organic. 

Sunrise Acres grows and sells certified organic herb transplants year round.  Our mix includes over 50 
types of herbs, mostly culinary.  We started small and have added and/or removed some each year.  We 
do our homework to know what we grow and sell.   
We search on the web, look at books in libraries, and magazine articles (for the latest trends) before 
adding to our list. 

We keep a journal; my wife does all of the writing. It has notes about soil mixes, temperature and time 
required to grow our plants. Each of our plants has a lot number assigned. With the lot number and our 
plant list we can track source of seeds, date purchased, planting dates and soil mixes that were used.  We 
plant seeds or take cuttings from our “mother plants” nearly every month.  In the peak plant sales 
season, we stagger seedings of the faster growing herbs. We seed different size plug trays as well as a 2' 
x 3' tray of garlic and common chives at once then transplant to larger pots as needed. 

Our advice to new growers is: research and "trial and error".  It may take 3-4 years to find out what will 
grow for you and be a good product in your mix. Try to add a few each year.  Each marketing situation 
is different. Plan and plant accordingly. Know how long it takes for different herbs to be ready for sale 
and how long the plant can remain healthy in its container.  Another bit of information: Somewhere I 
read, “don’t expect to get rich growing herbs”.  

Most important in marketing herbs is knowing your customers and what they want. Get to know their 
likes & dislikes, and provide the products they want.   Listen to them; they will give you ideas. We have 
learned a lot from our customers.   

Customers: 
Everybody wants herbs 
Some grow them 
Some would like to grow them 
Some have given up  
Some cook with herbs  
Some would like to  

A few years ago, the OSU-OKC Farmers Market, where we have been vendors for the last 10 years, 
announced that vendors would have the opportunity to sell all year round. Naturally, we immediately 
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saw an opportunity to increase our herb plant sales.  Many herbs do well grown inside on a windowsill, 

but it is almost impossible to find an herb plant at a large retailer during the off season. Many of our 

herb plants are now for sale year round, but in larger pots.  At any given time during the winter market, 

we will have 10 – 15 different herbs on our carts.


Our spring transplants are usually sold in 2 ½ inch pots; in fall & winter we sell in 4 inch pots, which 

allows the plant a longer life before repotting.  Most perennials can thrive in the larger pot until spring, 

when they can be transplanted outdoors or repotted to larger containers.  


When we sell an herb to a customer, we are prepared to tell them how to grow it.  This gives our herb 

plants added value. Most retailers do not have people available to answer questions for inexperienced 

growers. We tell the customer how much light a particular herb likes, as well as advise them how to 

water and fertilize. If they ask, "Can I grow it in a pot?” we tell them what sized pot it needs, when to 

bring it in from outdoors and what kind of winter conditions it needs.   


Be sure to differentiate between culinary, medicinal and craft uses.  We mostly grow culinary herbs, but 

have added a few medicinal types such as aloe vera and a few that are used for crafts. Ask the customer 

how they plan to use the herbs? Help them select. Give them ideas for using herbs:  


Grilling: Basil, Oregano

Pasta: Italian Parsley, Oregano 

Salad: Sweet Basil, French Thyme 

Stir-Fry: Cilantro, Chives

Plus Dips, Soups, Teas, or Marinades 


We decided that a windowsill planter would make the indoor herbs more attractive, and prevent damage 

to windowsills. When we found a planter, but didn’t know what mix of herbs a customer would want. 

The solution was finding the perfect pot design so that 3 of the pots would fit in the planter.  Now the 

customer can select which 3 herbs he or she would want to grow.  If one is hardy and gets planted 

outdoors in spring, the customer can come back to us to refill the planter.  Three separate pots also 

makes it easier to accommodate the different water requirements of each plant.   


These planters make a great gift for any occasion for a gardener or cook.  We have a sign that reads: 

"Give a friend a living herb garden”.


Also at the winter market we sell fresh cut herbs including basil, dill and parsley.  

They are container-grown in a greenhouse along with tomatoes at temperatures of 60 degrees at night 

and 80 degrees during the day. While dill & parsley can be harvested and kept fresh for the market, 

basil is very delicate. It has to be handled gently and kept cool to maintain a fresh appearance.  


Outside we grow arugula and cress.  The cress did not survive the cold and drought, but the arugula is 

still going strong (Jan 1, 2006). Fall-planted parsley will produce well in early spring.  Cilantro and 

parsley both tolerate cold weather well, but covers will offer added protection from the bitter cold 

nights. 


In 2006, we plan to grow more cutting herbs outside.  We have sage, rosemary, oregano and thyme 

growing outside year round. They provide good cuttings in fall, but lose leaves and go dormant in 
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winter. We do not expect to sell tons or even pounds.  We plan to sell in usable quantities, only enough 
for a meal or two: 

A few stems of dill for potato soup, chicken or your favorite dip 
Lime basil leaves to season chicken or black bean and corn salsas 
Orange mint to add to iced tea 
Chives to make flavored dip 
Lemon thyme for herb butter 

If a customer develops a habit of using fresh herbs, maybe next year he or she will want to grow some.  
Hopefully they will buy them from Sunrise Acres. 
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Structures, Techniques and Contraptions for Season Extension 
and Expansion 

Bill Farris 

Prairie Wind Growers Inc. 


Norman, OK 


Bio:Started business growing herbs and perennials(Liners and finished pots) 16 years ago. No previous 
experience and built greenhouse facilities from scratch in a bare field. Self taught, attending work shops, 
seminars etc. Awarded Greenhouse Grower of the year in 1991 by the Oklahoma Greenhouse Growers 
Assoc. and presented with the Distinguished Service Award by the Dept. of Hort & Landscape Arch. 
Stillwater "in recognition of significant contributions to the Department". Is past president of the 
Ok.Greenhouse Growers Assoc. 

HOMEMADE COLD FRAMES 
0.065 Chain link top rail bent over 10’ diameter steel tank 

One center purlin 

Treated 2”x4” base board with 2’ treated wood stakes 

Winter cover-single layer poly attached with wood lathe and duplex nails 

Summer cover-shade cloth. 


Advantages: economical 
  Quick, easy construction 
Disadvantages: may over heat on warm winter days without exhaust fan. 

PVC SHADE STRUCTURE 
1”X20’ Schedule 40 PVC pipe bent over 24” rebar stakes driven half way into ground. 
3 PVC purlins attached with duct tape. Cover with shade cloth staked to ground with rebar 

stakes. 

HAY BALE STRUCTURE 
Form an appropriate size rectangle with hay bales 
Lay pipe, angle iron, 2”x4”s etc. across hay rectangle. 
Cover with poly or ? 
Weight edges with concrete blocks, bags of soil etc. 

PROPAGATION 
1st propagation bench 
 2”x4” frame 

Wire mesh bottom covered with poly. Punch holes for water drainage 
 2”sand over poly 

Electric heat cables inserted into sand bed 
Advantages: easy, economical and work very well. 
Disadvantage: very heavy, difficult to move. 

Factory Propagation Benches 
Aluminum rolling benches with hydronic heat tubes 
Overhead mist system 
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Excellent for cutting propagation. Can be self made-most components available from Grainger. 

Germination Chambers 
2 used Postal carts from 2nd hand store covered with left over fiber-glass sheets (from 

greenhouse 
construction) 
4’ fluorescent shop lights ( one for each shelf) 
Heat source is water bed heater with ½” insulation board on top to prevent over heating. 

LABOR EXTENSION 
Mono-rail 

One cart carries up to 15 flats 
 Saves time 
 Saves trips 
 Saves labor 
 Saves backs 
 Saves money 
In my opinion, this has been the best investment we have made in greenhouse equipment. 

Flat-Filler 
Flat filler is not faster than hand filling flats. 
Flat filler is much easier than hand filling. Labor does not tire as quickly. 
Flat filler is much more consistent than hand filling 

Rolling Carts-Shipping and Display 
Advantages: Saves space. Many more flats can be displayed in same booth space 
 Saves labor/time 

Pre-loaded carts can be rolled off truck/trailer and into place 
Disadvantages: Visual display is not as good as flat tables or benches. 

Drop-Down Curtain Wall 
Advantages: Eliminates need for exhaust fans 
  Manual or automatic operation 

Allows Grower to harden off plants 
Disadvantages: “jury is still out” !!! 

Basket Hooks 
Double or triple layer hanging baskets. 
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Four Seasons Four Harvests For Profit—Innovations for Spring, 

Summer, Fall & Winter 

Max and Carol Grier 

Udder Farms Cream of the Crop Company 


Yale, OK 


I. Plans & Designs for Under Ground Green House Construction 
   A). How to save dollars on heating bills with this construction method 

    B) How natural landscapes aid in construction to keep cool in summer warm in winter  

Presenter Max A. Grier 

II. Herbs – Hydrosols and Essential Oils year around profits   
A). Hydrosols what are they? 


      B). Growing and Harvesting Spring and Summer Herbal Hydrosols and Essential Oils          

      C). Growing and Harvesting Fall and Winter Herbal Hydrosols and Essential Oils  

            How to: Package and Presentation of Hydrosols.  The Care and Handling of Hydrosols 

      D) Markets for your Hydrosols: Retail and Wholesale Information. 

Presenter Carol A. Grier 

III. How to Harvest, Produce and Distill Quality Hydrosols 
A) 	Equipment needed. 

B) How to Distill and Process your Herbs into Hydrosol 


Presenter Max A. Grier 

Presenter Information 
Max and Carol Grier 
Founders, Owners 
Udder Farms Cream of the Crop Company 
17201 East 50th Street 
Yale Ok 74085 
918-285-5000 
www.udderfarms.com 
udderfarms@brightok.net 

Biography 
Max and Carol Grier both grew up in rural Kansas. Max as an adult worked as an agricultural shop 
foreman and traveled the USA Canada and South America representing farm machinery sales.  He later 
became a certified water well driller.  Carol graduated college with a BSE degree in art education.  After 
several years of teaching school she pursued and became a success in the cosmetology and barbering 
industry. 

Max and Carol’s passions for “agriculture life” gave them visions that could improve the economy for 
farming communities.  In the year 2000 they discovered new uses for agricultural produce, in the 
formulation of a soap made from soy beans, goat milk, plant oils, waxes and minerals that could be used 
as a pesticide, herbicide and household and industrial cleaning products. 

64


mailto:udderfarms@brightok.net


 

 

In 2001 the Grier’s met with the FAPC staff at OSU in Stillwater and was given the help they needed to 
finalize their work with this soap formulation. In 2002 they sold their 3 Kansas farms and purchased a 
120 acre farm in Payne County. 

  In August of 2005 the U.S. Patent office granted the Grier's with a U.S. Patent, for this 100% natural 
formula based on agricultural ingredients. 

Max and Carol have also pioneered the 1st crop of herbs grown in Oklahoma for their by products, of 
hydrosol and essential oils.  Studies provided by OSU in Stillwater, 2003 to 2005 have shown that $15 
to $50 thousand dollars per acre, per year can profit the producer. 

Carol has also developed a natural line of skin care and Baaath products, marketed by her kid goats for 
children, using plants grown in Oklahoma.  Other ingredients are natural plant based waxes, herbs and 
colostrum. She has also developed an all natural deodorant made from sage grown in Oklahoma.  The 
Grier’s own a registered trademark with their brand name,”Udder Farms”. 

Max and Carol’s intentions are that the small farms in Oklahoma, which produce natural crops, can soon 
replace the use of phthalates (industrial chemicals), in soaps, skin care products, industrial and 
household cleaning and laundry products.   As well as herbicides and pesticides all can be made with 
Oklahoma grown natural ingredients.    

In 2004 Griers were finalists, in the state of Oklahoma for the following awards; ” Innovator of the 
Year” award, “Most Promising New Business” award, and Carol was a finalist in “50 Making A 
Difference” in Oklahoma Woman of the Year award.  In October 2005 Udder Farm’s Max and Carol 
received the Commitment to Agriculture Award, given by Farm Bureau. 

Carol has been featured several times 2003 and 2005, on RFD TV on her inventions and work in 
agriculture. Carol has just been featured on National TV; (September 2005) for her work in agriculture, 
on the program called; Smart Woman, calling her work RURAL SUCCESS.  This program reached 80 
million viewers.  

“Udder Farm’s Simple Innovations Create Nature Made Natural Solutions to meet the needs of all living 
things”. Carol A. Grier 
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Diaries of a Small Family Farm 
James & Jennifer Cooper 


Nuyaka Natural Farms, Bristow, OK 

mnuyakanaturalfarm@hotmail.com


918.752.0628 

1. Introduction 
•	 Studied Environmental Science and Conservation Biology at the University of North Carolina at 

Wilmington 
•	 Began farming in N. Virginia on a 25ac. certified veggie farm for 3 years- Potomac Vegetable 

Farm 
•	 Moved to Oklahoma and have just completed my 4th season 
•	 presently own and farm 80ac. 45 miles SW of Tulsa 
•	 we have 12 ac in cultivation 
•	 producing a wide range of spring, summer and fall veggies, fruits, cut-flowers and culinary herbs 
•	 distributing to a 50 family CSA, two Farmers MKts in Tulsa, One Mkt. in OKC, and a couple of 

ucky bistros 

2. Holistic Farming System 
•	 no synthetic fertilizers 
•	 no herbicides 
•	 no pesticides 
•	 manage land that will continue to produce high yields with out stripping the integrity and 


biodiversity of the land 


3. Crop Diversity 
•	 manage high diversity of crops and cover crops 

4. Soil health 
•	 crop rotation 
•	 record keeping 
•	 cover crops 
•	 green manures 
•	 mulch 
•	 cultivation practices 
•	 animal based fertilizers 

5. Variety Selection 
•	 highest quality 
•	 disease control 
•	 production methods 
•	 stay ahead of the market 
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6. Propagation/Germination 
• 30x96 double poly cold frame 
• 12x30 double poly heated houses 
• use a cert. organic LC1 sunshine mix 
• different methods of germination 
• stay simple 

7. Planting 
• successional all season 
• bed prep 
• schedules 
• transplanting vs direct seeding 
• seeders- manual vs. tractor implements 
• waterwheel transplanter 

8. Drip Irrigation 
• Don't wait to water 
• irrigate out of three ponds 
• drip system and style 

9. Weed control 
• natural mulch 
• plastic mulch 
• cost comparison 
• labor 
• mechanical control 

10. Pest control 
• attracting beneficials 
• id pest 
• rotation 
• row cover 
• fertility management 
• deer, coyotes, groundhogs 
• successional planting 

11. Equipment 
• Two tractors- big/small 
• tillage equip 
• fertlity program 
• harrow 
• cultivators 
• bed raiser 
• adjustable seeders 
• trucks 
• trailor 
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• harvest tools 
• bushel baskets 
• crates 
• field cultivation equip 
• Maintance, maintance, maintance 

12. Season Extension 
• unheated cold frame 
• thick row cover 
• plastic mulch 
• proper storage/curing methods 
• planting dates 

13. Post-Harvest Handling 
• harvest A.M. 
• hydro-cool 
• walk in cooler 
• wash tubs/station 
• establish system that works 

14. Employees 
• local vs. international 
• perenial vs. annual 
• per hour vs salary 
• MESA 
• ATTRA 
• establishing a community 

15. Marketing/Selling 
• Oklahoma producer farmers markets 
• CSA 
• Restaurants 
• Wholesale 
• Roadside stands 
• attracting customers to markets- colors, diversity, display techniques 

16. Business 
• Financing 
• Establish good credit 
• full insurance coverage 
• record keeping 
• create early season capital 

17. Future 
• increase farmers markets 
• tractor mounted boom sprayer  for fertility 
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TWIGGERIES—Garden Features & Utilities Made From Pruning 

Throwaways 


J-P Malocsay, Horticulturist 

Miami, OK 


A Downhome Disclaimer 

Twiggeries is a made-up name for my improvised response to a pair of split hazel wickets I saw in a 
Connecticut garden in 1990.  They were the genuine British import and cost accordingly: $1,500 for 
each 4-by-8-foot panel.  Rest assured.  I have never approached a tithe of that figure for any of my 
artifacts. Someone with better marketing skills could doubtless do better.  In my case, twiggeries have 
evolved into the garden design equivalent of a loss leader.  I usually charge for installing twiggeries 
made at my own sometimes considerable expense of time & energy.  Anyone who values customer 
satisfaction might do the same. 

Most of my work has been done out East where stately clients tend to have sizeable old yews in need of 
a shapely prune.  Even smaller specimens with a history of bad pruning offer curvaceous rhythms and 
eccentricities always delightful to work with.  Yew twiggeries also last for donkey’s years.  In 2004 I 
spent a lovely autumn afternoon re-wiring fence and trellis I built in Pennsylvania in 1998.         

Meanwhile, back in the home state, the search for local materials continues.  I’m hankering to tangle 
with thorny locust and Osage orange but don’t yet have the workshop space.  Crepe myrtle is coming in 
handy though my mainstay thus far is weedy ole pasture cedar Juniperus virginiana. I can’t help 
admiring its elderly good character as a yard and garden specimen, but share the general dread of its 
invasiveness. All the more reason to make the best of unwelcome abundance. 

Cedar, like yew, is a longtime thing, though the youthful pliant growth convenient for more fanciful 
twiggeries is soon attacked by all manner of deadwood desperadoes--tiny woodboring beetles, bees & 
wasps. My notion of a garden is friendly to that kind of interplay, though clients are more apt to respond 
to the birdlife consequences. The usual bark-savvy woodpeckers, nuthatches, titmice, chickadees and 
wrens inspect cedar twiggeries regularly.  Sharp-eyed generalist sparrows, juncos and cardinals quickly 
catch on too. (If that mix sounds improbably rich, offer the birds a steady year-round source of water 
and prepare to be amazed.) 

These rustic artifacts are simple, natural improvisations.  They take their cues from growth itself-
growth the gardener studies, learning how to prune.  Young cedar growth is pliant, though stubbornly 
curve linear, so I’m still working at designing around that built-in limitation.  Trimming the branches 
bare is about as much fun as shaving a live hog so I recommend doing just enough to sample the 
satisfaction of your first finished piece.  Same goes for any wood you work with.  You can probably 
guess at the lasting potential of various woods.  Grapevine, willow and hackberry won’t last like oak 
which is fugitive compared to cedar/juniper.  Live wood is easier to deal with, though interesting things 
can be done with the longstanding deadwood that haunts the innards of arborvitae and rhododendron, to 
mention just two popular victims of neglected foundation plantings.   
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From Your Local Hardware Store 

Buy a pair of linesman’s pliers. Two sizes are commonly available.  The smaller, lighter one is easier 
to use. Do make sure to get linesman’s pliers.  The square jaw and cutting edge combo is just what you 
need. Ordinary pliers will drive you nuts. 
Insist on rebar tie-wire. Many hardware stores have it in stock & can order it if they don’t.  As the name 
suggests, this is the wire used on construction sites.  It is easy to cut & work with; also quick to rust, a 
perfect match for rustic woody artifacts.  
The wires used by florists & picture framers are grievously unsuitable. 

Technique 

Not much manual dexterity is required, just practice and some cusswords. 

tip The roll of wire will be more manageable if you loop a circle of wire through the center so it slips 

around easily as you unreel. 

Do make a habit of looping all cut ends.  Loop as you cut so you don’t forget.

Unless, of course, random body piercing is your secret joy.   


You’ll soon find how wire twists “right”: cross left end over right end then twist to the right.  This is one 
of those rules that’s hard to grasp in words but quickly comes to hand.  (Left-handed twisters will re
interpret to suit.) 

Don’t fret about making mistakes.  Wire and unwire to your heart’s content.  When in doubt, do the 
wire-twist equivalent of basting stitch: wire loosely to see how the given connection fits; fiddle & fuss & 
change your mind till you’re satisfied it’s time to twist and stand firm.  Even then, you can change your 
mind as often as you care to snip wire & twist & tweak anew. 

Sample Artifacts Shown and/or Talked About 

1. Up The Downspout Vine Support: grapevine wound around just about any vertical around the place 

(e.g. porch posts). Offers visual interest any time of year & climbing grip for perennials like Clematis or 

annuals like morning glory. 

tip wire butts of 3 or more lengths of vine to the lowest point and work your way up to wire at the top.  

Braid lengths, or wind as a group, or each one individually. 


2. Suit Yourself Trellis: Improvise to your heart’s content, though offer firm support.  tip lend flimsy 

whimsy unobtrusive support with rebar itself.  See #5. 


3. Pot Trellis: tip steady uprights with support buried in the pot.  Butts of uprights can be wired to  twig 

crosspieces or (easier I think) sunk through holes drilled in a piece of wood.  Both supports can also be 

used at soil level--alone or in addition to buried supports.  Visible support should be handsome eg

driftwood. 


4. Lookout Bird Perch: tip Steady the butts of uprights by wiring to stakes driven in the ground.  On 

hard surfaces, wire them to anything solid or heavy. 
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5. Maypole/Witchtree tip Steady this or any rustic artifact by wiring to a stake of rebar or rusty pipe or 
weathered wood--anything stout enough to pound in firm.  Rebar is sold by many lumber yards.  Half 
inch rebar makes wonderful garden stakes, easy to cut with a hacksaw.  Quarter inch can be bent into 
curving shapes. 

6. Tripod Focal Point: tip steady these fanciful-as-you-please constructions by wiring the base at one or 
more points to a stake or heavy rock. 

7. Screen/Wicket/StandAside: lightweight, freely improvised twiggeries steadied in various ways (see 
above). tip Here it’s easier to create visual persuasions than outright obstructions.  Then again, maybe 
you have a way with brambleweaving... 

8. Fencing Actual Practical or Simply Visual: tip Really stout uprights may want a hole here & there, 
in which case you’ll use a drill and wide-blade bits.  tip Poles can be steadied in holes a foot or so deep 
(sometimes less) with firmly wedged rocks or bricks down in.  Fill in with good planting soil, planting 
as you “build.” 

END 
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Linnaeus Garden and Volunteer Training Program 
Prepared by Barry Fugatt 

Director of Horticutlure, Tulsa Garden Center 
barry@tulsagardencenter.com 

918.746.5125 

Carl Linnaeus (1707-1778) was a brilliant Swedish naturalist and educator who considered all of nature 
his classroom. Like a botanical prophet, he would lead students on long excursions through woods and 
countryside, reeling off colorful anecdotes and observations on plants, insects, and vertebrates.  He 
eventually collected over 14, 000 sheets of pressed plants and thousands of insect specimens. 

More than two centuries after his death, Linnaeus is most honored for his revolutionary plant and animal 
naming system of binary Latin nomenclature: one name indicating the genus and the other the species. 

It is little wonder that Linnaeus is internationally recognized as the “Father of Botany.” 

The Linnaeus Garden 
It is the desire of the Tulsa Garden Center board of directors and staff to create a unique 
demonstration/teaching garden in Woodward Park, staffed by well-trained volunteers who will share 
their knowledge and love of gardening with the public. 

The Linnaeus Garden will be magnificent in its design with cutting edge garden materials and plants on 
view. Stone, brick, steel/iron, wood, and the newest and best plant species and cultivars, will be 
creatively used to demonstrate the most successful gardening techniques. 

Linnaeus Garden visitors will experience the best of old and new world horticulture as they walk 
through a garden filled with educational exhibits. The sound of moving water will echo through the 
garden. Visitors will be inspired by an 18th century style fountain, a classic reflecting pool, and a 
graceful stream with water splashing over large boulders. 

Beautifully espaliered fruit trees will adorn vertical elements such as sensory walls and trellises.  These 
cleverly designed features will demonstrate how gardeners may achieve maximum design impact in 
small urban spaces. 

Areas of the garden will demonstrate the latest techniques for growing vegetables, annuals, perennials, 
woody plants and groundcovers. There also will be a compost/recycling station where visitors will learn 
environmentally friendly methods for dealing with garden waste. 

Children and adults will be encouraged to touch, taste, feel, and smell their way through the garden. The 
garden will be open daily. 
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The Linnaeus Garden Volunteer Program 

An exciting 10 week, 40 hour training program will teach Linnaeus Garden volunteers how to maintain 
the garden and how to effectively share their skills and knowledge with the public. Solid horticultural 
training will be stressed. Training topics will include: basic botany, plant fertility, and entomology, 
plant pathology, pruning and propagation, along with cultural practices for growing annuals, perennials, 
vegetables, and woody plants.  Garden design principals also will be taught. 

Training will take place at the Tulsa Garden Center and at other sites around Tulsa and the state.  
Instructors will include: Tulsa Garden Center and Park Department staff, plus personnel from Texas 
A&M, and the University of Arkansas. 

Graduates of the Linnaeus Garden Volunteer Program will use a number of marketing tools to enhance 
the mission of the garden.  These will include a newsletter, website, radio and television interviews, 
weekend Linnaeus Garden seminars, and scheduled short courses involving plant selection and care. 
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Traditional Native American Gardens on the Great Plains 
Dr. Fred Schneider 


Cleveland County Master Gardener 

Norman, OK 


PhD, Anthropology, University of Missouri; MA, Anthropology, Univ. Oklahoma 
Retired as Professor of Anthropology, University of North Dakota 
Research in Great Plains archaeology and traditional Native American gardening 
Master Gardener in North Dakota and Oklahoma 
3314 Willow Rock Rd. Norman, OK 73072  frederick_schneider @und.nodak.edu 

Gardening or what anthropologists identify as horticulture (gardening without the use of animals, plows 
or irrigation systems) first appears on the Great Plains approximately 1000 years ago.  In the northern 
and central plains Native American gardeners were concentrated along the Missouri River valley and 
major tributaries such as the Platte and Republican Rivers while in the southern plains these gardeners 
were located along the Arkansas, Canadian, Washita, and Red Rivers.  Historic tribes identified with 
gardening in the Great Plains included from north to south: the Mandan, Hidatsa, Arikara, Pawnee, 
Omaha, Ponca, Otoe, Kansa, Osage, Wichita, and Caddo.  These were peoples for whom gardening 
played a major role in their traditional economic system. 

While the beginnings of plant husbandry in North America can be traced much earlier into the 
prehistoric archaeological record, gardening as a major contributor to diet on the Great Plains does not 
take on a significant role until the advent of the Plains Village Cultural period.  This period, beginning at 
approximately 1000 AD is marked by the appearance of large populations aggregated into villages 
frequently surrounded by fortification systems and composed of earthen lodges in the north and grass 
covered lodges in the south. These people possessed a wide array of stone and bone tools and 
importantly digging and gardening tools made of buffalo bone.  These people were associated with 
large, productive gardens containing corn, beans, squash, sunflowers, and melons. 

Native American gardeners could be found from Texas to the Canadian border, however, there are few 
detailed records of their gardens and gardening practices, or for specific uses of their garden produce. 
Factors that contributed to this situation include: (1) The introduction and devastation of Euro-American 
diseases upon Native populations; (2) Military conflicts with Euro-Americans; (3) Increased competition 
among tribes for hides and furs important in the new trading systems; (4) Expansion of Euro-American 
settlement into tribal territories; (5) The introduction of the horse and its disruption of traditional 
economic patterns; and (6) The lack of detailed observations of plant use and horticultural activities by 
many early travelers, traders, settlers and military officers. 

This disruption was initiated earlier and resulted in more devastating results in the southern plains than 
in the northern plains, the consequence being that horticultural traditions suffered to a greater extent in 
the southern plains.  The result is that our best information on traditional Native American gardening 
and the best preservation of traditional Native American garden seed is in the northern plains.  It was in 
this region where we find more early travelers (notably people such as Lewis and Clark), traders, and 
military observers making records of native gardens and garden produce.  The information gathered is 
that pertaining to the Mandan, Hidatsa and Arikara tribes of the Dakotas.  With the exception of the 
American Southwest, probably no other region in the United States provides as extensive a record of 
traditional Native American horticulture.  A major source of information comes from the field studies of 
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a Presbyterian minister turned anthropologist, Gilbert Wilson, who from 1906-1915 conducted field 
studies on the Ft. Berthold Indian Reservation in North Dakota. Among the volumes of information on 
traditional culture recorded is that on gardening and horticultural practices of the Hidatsa. This work was 
accompanied by many drawings and photographs, was the basis of his PhD dissertation, and is known as 
a book titled BUFFALO BIRD WOMAN’S GARDEN.  Another individual who contributed towards 
our appreciation of traditional Northern Plains gardening is Oscar H.Will who established North 
Dakota’s first nursery and seed business in 1881. Among his many interests was the collection of 
traditional garden seed and gardening lore from regional Native Americans. His son, George Will, 
continued his father’s interests and in 1917 co-authored with George Hyde CORN AMONG THE 
INDIANS OF THE UPPER MISSOURI – the definitive work on the northern plains Native American 
corns. 

It is from these books and numerous lesser accounts that I have learned about traditional Native 
American gardening and have experimented with these gardens using traditional seed for the past 23 
years. For 20 of those years I maintained experimental gardens at the University of North Dakota and 
collaborated with horticultralists at North Dakota State University and at Agriculture Canada. Over this 
time, I have collected seed directly from Native Americans of the Dakotas and from the USDA Plant 
Introduction Station in Ames, Iowa. I have also exchanged seed with fellow members of Seed Savers 
Exchange, the largest heritage seed organization in the United State. 

Let’s now move on to the gardens, plants and the produce.  The remainder of this presentation will be 
accompanied by slides.  We first exam the traditional gardens of the Northern Plains and then examine 
the Native American Garden in Norman, OK. 

Order of Presentation (an outline of the presentation accompanied by slides) 

NORTHERN PLAINS GARDENS
   Garden Locations: Bottomlands of Missouri River 
   Preparation: Goose Women Society, Blessing seed, Clearing Fields, Hoes, Rakes 
   Ownership: Women owned gardens and produce 
   Description of Planting, Plants and Produce: Avg. size 2-3 acres, 13 varieties of corn, 5  
     varieties of bean, 4 varieties of sunflower, 2 species of squash, 1 variety of melon,  


and tobacco 

   Productivity/Nutrition: Traditional gardens, Trials at the NDSU Carrington Ag.  


Experiment Station 

   Storage: Drying racks, Roasting, Storage Pits, Seed Preservation, 2 yrs. of seed 


THE CLEVELAND COUNTY MASTER GARDENER NATIVE AMERICAN GARDEN 
    A project of CCMGA in cooperation with OSU Extension and the Cleveland County 

Fair Board 
Initiated in 2004 

    Purposes: Heritage Seed Preservation, Public Education, Aesthetics at the Fair  
Ground, Research, and Food Donations 

    Work in Progress: Clearing trash and weeds, Amending soil, Personal adjustment to

                      From Zone 3 to Zone 7 conditions, Trials of varieties, Obtaining new  


varieties 

Varieties Planted in 2005 


     Corn: Cherokee Blue and White dent, Quapaw Red flour, Delaware Blue flour, 
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 Mandan sweet 
     Beans: Arikara Yellow, Hidatsa Red , Hidatsa Shield , Cherokee Field, Cherokee 

Trail of Tears, Pawnee 
Squash: Arikara , Mandan Banquet – both C. maxima

 Mandan – C. pepo

     Melon: Arikara 

     Sunflowers: Arikara, Hidatsa 


General Observations: 
     Northern flint corns have not performed well – stunted, poor pollination. 
          Result of summer heat during pollination?
     Hidatsa Red pole bean did not climb or produce well 

Mandan squash, C. pepo, few squash – poor pollination?
     Arikara melon produced many melons but poor color and flavor – heat?
     Everything else performed and produced well - excellent winter squash production 
     Garden crew began to complain about the productivity of the Arikara Yellow Bean! 
     Notably fewer squash vine borers this year than last and NO squash bugs this year! 

Future: 
     Continued search for traditional garden seed from regional southern plains tribes
       in hopes of highlighting regional traditional garden varieties. 
     Continued efforts at soil improvement – additions of compost, better drainage 
     Develop a small garden highlighting Oklahoma native plants documented as used 
       by regional Native American tribes, Consultation with native plant specialists, and  
       Search for commercial sources for plants 
     Continued development of plant identification and interpretative signs. 
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Produce Auction, an Alternative for Fresh Produce Growers 
Norm Kilmer 

Morgan County Seeds 
Barnett, MO 

Did you ever wish for a market where you could sell all of your vegetables and fruits? Never have worry 
about taking home what you did not sell. A market that has buyers just looking for the vegetables and 
fruits that you so tenderly grew? A market with special sale dates like a pre-mothers day plant sale, a fall 
graft sale or a pre-Christmas special sale of all local made and grown products? Is there a market like 
this? 

The answer to all of the above questions is YES, a produce auction. There are around 50 of these types 
of auction right here in the United State of America. Most are supported by local growers. A few even 
sell produce that is shipped in from other states.  They range in size from a few hundred thousand to 
over 5 million dollars in sales per year.  

Now just what is a produce auction?  How does a produce auction operate? Can anyone sell or buy at 
one of these auctions? Will I be happy with the price my produce brings or if I am a buyer, will I be able 
to buy in my price range? 

A produce auction is just like any other auction. An auctioneer sells all products to the highest bidder.  
Prices will vary from auction to auction date. There are days when the grower may wonder why he is 
still growing produce. Other days that same grower may wonder if the buyers have lost it by paying such 
a high price. In an action type market, the grower needs to take the average of several weeks to see if it 
is worth this or her time or effort.  

In most actions the grower is assigned a grower number. At the Central Missouri Produce Auction 
(CMPA) this is a 4-digit number. All sellers are responsible for packing and marking their produce 
according to CMPA packing guild. CMPA has 3 different selling areas. 1) Drive through. This for large 
lots (5 or more boxes or several bins of produce) is sold right off the growers wagon, trailer, truck or 
buckboard to the buyer. 2) Large lot section. 3 or more of boxed produce, 25 or more of melons or 
pumpkins stacked on an auction cart. 3) Small lot section. For produce that is in too small amounts to be 
sold in the other 2 sections. Auction order is in the same way as listed above.  

A 9% commission fee is charged to the grower for selling his products. This is what supports the auction 
personel and the auctioneer. At the CMPA, the auction starts at 10:00am and is very fast paced. If the 
buyers brought back any used boxes, they are sold first. The drive through is next. Here the buyer buys 
by the row or bins right off the vehicle the grower brought it in with. On boxed items, the buyer has to 
buy a row or a bin at a time.  

After the drive through items are sold the auction moves to the large lot section. Here the buyer has to 
buy by the row of boxed items or by the cart or bin full. If there are more then one cart of a like item 
from a grower, the buyer has the right to buy it all or just part of it. This is the section most buyers and 
growers love. It also as a rule, brings in the highest return for the growers. There is no extra time wasted 
in this section by the auctioneer and is a very fast paced. After the local grown produce is sold in the 
large lot section the shipped in produce is sold next. All shipped in produce when sold is announced 
where it is from if known. 
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The very last section sold is the small lot section.  This as the rule is the bargain section for the buyers 
and homeowners.  Here the lots of 2 or less of boxed products are sold along with the few melons or 
pumpkins. If you are just looking for a small amount of tomatoes, peppers, eggplant, squash, etc. this is 
the section for you. 

CMPA sells more then just vegetables and fruits. The largest sales month is April when the bedding 
plants start to come in from the local greenhouse to sell. Here again all 3 sections are used just like they 
are when selling vegetables and fruits. A special pre-mothers day sale is usually the Tuesday before 
mother’s day. These is a very large auction day and brings in lots of buyers from far and near. Sales 
have peaked at over $40,000.00 for this special day. 

Who can buy or sell at the CMPA? Any buyer is welcome to bid on any lot of items offered for sale. We 
have buyers coming from out of state to the local homeowners wanting to can or needing produce for a 
special occasion. Anyone growing produce within ratios of 100 miles of CMPA can sell their produce if 
it is pack according to the CMPA packing guild. If you are out of the 100-mile ratios of CMPA and still 
grow in the state of Missouri, your produce will be sold as Missouri grown produce. Produce brokers or 
buyers that bought too much at a previous auction can also sell their produce at CMPA. This will be sold 
as shipped in produce and will be announced where it is from if known. Shipped produce sells last in 
each of the 3 auction sections. 

Will you be happy with the price of the produce? Yes either the grower or the buyer is happy at most all 
auctions. There are days when there is too much of one item for the amount of buyer there at that date. 
In a time like this the buyers love it and the growers is a little on the unhappy side. Other days there may 
be a shortage of a particular product and it will bring a high price. Here the growers love it and the 
buyer’s maybe the unhappy party. Growers and buyers have to take the average over several days or 
weeks to see it works for them. There are also days when prices are in line and both the buyer and the 
grower are happy. 

Submitted by Norman Kilmer, a shareholder and grower of the Central Missouri Produce Auction INC 
of Fortuna, MO. Norman and his wife Vera also own and operate Morgan County Seeds at 18761 
Kelsay Rd, Barnett, MO 65011. He can be reached at 573-378-2655. 
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Vegetable Production and Marketing for the Small Farmer 
By Clyde and Alvin Stepps 


Fresh Produce Brokers 

Moro, AR 


S & S Produce Brokers, Inc. has been formed for the purpose of assisting the small farmers in the 

marketing of their farm produce.  


Our Mission Statement: To assist the small farmer in the marketing of their farm produce through 

reliable outlets at the best price possible. 


STAFF OFFICERS 


Clyde D. Stepps, President, Graduated from the University of Arkansas at Pine Bluff, with a BS Degree 

in Horticulture and a minor in Science. Served three years in the army, received an honorable discharge 

on February 14, 1969. 


Worked for the USDA Farmers Home Administration for 15 years as an assistant and county supervisor. 

My duties were to review loan applications and determine eligibility for financial assistance, work cash 

flows to determine loan repayment ability, and made chattel and real estate appraisals for collateral 

purposes. 


At the present time, I am a para educator at Fort Scott  High School in Fort Scott, Kansas. My duties 

include working with students with learning disabilities. 


OFFICERS (cont.) 

Alvin E. Steppes, Vice-President, attended the University of Arkansas at Pine Bluff, majoring in 

Agriculture Education and Mechanics. From 1979 to 1986 farmed 900/a. This operation consisted of 

growing rice, cotton, beans and wheat. 


Worked for Arkansas Farm and Land Development 1986-1999. During this time he helped develop and 

organize small farmer co-ops, assisted small farmers in the completion of FmHA loan applications,

assisted with annual small farmers conference on the production and harvesting of alternative crops.  


SERVICE TO THE PRODUCER 

The service that we are offering will be a great asset to you. We feel that we can improve your cash 

flow, help you service your debts in a timely manner and improve your standard of living.  


If you don’t have to look for a market for your produce, you can concentrate on other farming matters. 


OUR GOAL 

Our Company is looking for farmers who are 

willing to produce and market the following  

Crops through S & S Produce Brokers, Inc.. 


1. Mustard Greens (Variety savanna only) 
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2. Collard Greens 

3. Turnip Greens Tops & Bottoms 

4. Yellow Squash 

5. Zucchini 

OUTLET 

We already have an outlet for the crops mentioned above. When harvest is completed, the produce will 

be picked up at your farm or another designated location of your choice.  


MARKET 

If you decide to become a grower, you will be responsible for getting the produce ready for market.  


After S & S receives a request for product from the buyer, you will be given at least a two week notice 

to prepare the produce for pickup. 


PAYMENT TO THE PRODUCER 

All Greens .20c/lb. 

Yellow Squash .30c/lb 

Zucchini .30c/lb 


PAYMENT TRANSACTIONS 

Payment transactions will be completed when the produce is loaded on the truck and ready to be 

delivered. 


All freight cost will be paid by S & S Produce Brokers, Inc. Your responsibility will be to package and 

provide a good quality product. 


PAYMENT TRANSACTIONS (cont.) 

Our goal is to make your job easier and take some of the worry out of finding a market for your produce. 


Based on communications with our buyer, 
   1 truck load of each crop will be purchased each week.  

The future demands of these crops are likely to increase, which will increase the buyers needs for more 
produce. 

There is a possibility of 2 or 3 truck loads per week.  
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PROSPECTIVE PRODUCERS 
If you are interested in becoming a producer of the crops that we have mentioned today, check with us 
after this meeting and we can give you some additional information and/or answer any questions that 
you may have. 

THANK YOU 
We would like to thank Oklahoma State University and Mr. Lynn Brandenberger for the invitation to 
participate in this venue. 
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Blossom End Rot and Related Conditions in Vegetables: What It 

Is And How To Deal With It 

(A summary of selected literature on blossom end rot) 


Jim Shrefler, OSU Extension Horticulturist, Lane 

Ted Evicks, OSU Extension Educator, Pittsburg County 


Warren Roberts, OSU Research and Extension Horticulturist, Lane 


There are few tomato and watermelon growers who are not familiar with the symptoms of Blossom End 
Rot (abbreviated as BER). As the name implies, it is a problem that appears near an area of the fruit that 
corresponds with a point associated with the flower blossom. Opposite the end of stem attachment, it is 
the area on the fruit where the pollen-receptive portion of the flower was located before the fruit began 
to develop. Other fruiting vegetables including peppers and squash may also be affected.  Similar 
conditions are also found in leafy and cabbage family vegetables such as lettuce and cauliflower. In this 
case, localized areas of leaf or flower stalk tissue are affected.   

In the fruiting vegetables the problem first appears as a small blemish, or “lesion” near the end of the 
fruit opposite the point of stem attachment. As the fruit enlarges and matures the blemish gets larger.  It 
may remain fairly small or may cover half, or even more, of the fruit.  This lesion is basically dead 
tissue which is often described as leathery.  Sometimes the area may become infected by fungi or 
bacteria that cause additional decay and development of a wet appearance.  In some cases, BER may 
remain internal and only become obvious when the fruit is cut open.  BER typically begins when fruit is 
very small and only becomes obvious as fruit enlarges. 

What causes BER?  For many decades it has been attributed to a calcium deficiency in the fruit.  This is 
easy to understand because calcium is an essential component of plant cells.  Plants with severe calcium 
deficiency cannot grow normally and have new shoots that are deformed.  However, if this is the case, 
why are healthy tomato plants often found to have BER on the fruit that are first set?  To explain this it 
is necessary to understand how calcium gets into plants from the soil.  Calcium enters the plant with the 
transpiration stream (soil water that enters the plant through the roots) and becomes part of the plant 
tissue somewhere along the way.  Once incorporated into tissue, calcium does not move further within 
the plant.  This is not the case for some nutrients, such as nitrogen and potassium, which may be 
relocated within the plant as it develops.  For this reason, if root uptake of calcium is inhibited then the 
newly developing shoots and leaves are the first to be affected. Many sources explain that the reason 
that healthy plants have fruit with BER is that it is a result of poor calcium distribution within the plant.  
Because of how calcium moves in the plant, some parts, such as leaves, may have many times higher 
calcium concentration than parts such as fruits. For the most part, calcium moves upward from the root 
to the stems and leaves and fruits, but there is very little movement downward.  It is further explained 
that there is more calcium in plant parts that have high transpiration.  Transpiration is the process by 
which water exits the plant through stomata.  Leaves are specialized for having transpiration, which is a 
normal plant function.  Fruit, on the other hand, have very little water loss.  This is obvious if one 
compares how quickly a tomato leaf removed from the plant desiccates as compared to a fruit.  As water 
enters the plant and moves to the leaves it carries calcium with it.  By the time water exits the leaves the 
calcium has been incorporated into plant tissue, much of it in the leaves.  Because there is not much 
water flow through fruits, much less calcium is moved into fruits than into leaves.  Fruits are developed 
mainly from the phloem translocation, which tends to move downward from the leaves to the fruit.  
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Calcium cannot move readily in the phloem; thus as the fruit is developed, it is difficult for calcium to 
move into the fruit and calcium in the fruit is deposited there when the fruit is first being formed. 

Why does this condition affect the “blossom end” of fruit?  Calcium enters fruit at the stem and moves 
through the vascular system of the fruit.  Some calcium is “dropped off” as the transpiration stream 
progresses through the fruit. Therefore, the concentration has decreased by the time it reaches the 
“blossom end”.  In watermelon, calcium concentration was measured and found to be lower at the 
blossom end than the stem end.   

When does BER show up in a planting?  Although some generalizations can be made, BER can be 
influenced by a number of factors and the incidence of the condition may depend on environment, plant 
health status and soil conditions. Consequently, it may be brought on when any of these conditions have 
a strong influence. BER shows up most often in the first tomatoes that are produced in the spring.  BER 
may cause fruit to ripen earlier, meaning that affected fruit may ripen, in a sense, “prematurely”.   
However, the problem is typically found in the early part of the harvest period and later fruit are not 
affected.  While it is not easy to clearly explain why this is so, an examination of literature on the 
conditions associated with BER should be helpful for getting a better understanding of the factors that 
may favor the problem and those that may be helpful for reducing the incidence of BER.   

Plant growth is an important consideration both from the standpoint of the overall plant as well as the 
growth of individual fruit. Blossom end rot often begins to appear when fruits are very small, often a 
fraction of an inch in diameter.  Young fruit grow very rapidly, which makes them highly susceptible to 
BER. Ironically, vigorous plant growth may aggravate the problem.  Apparently this is because when 
plants are growing slowly there is more time for calcium to move into the developing fruits.  For this 
reason, excess nitrogen fertilizer may promote vigorous growth, which in turn favors BER. 

Soil moisture is one of the most frequently mentioned factors that influence BER.  Factors that seem to 
favor BER are soil moisture extremes and fluctuations.  It is probably safe to make a general statement 
that any interference with plant water uptake can lead to BER.  Thus, drought conditions or excess soil 
moisture, which both interfere with plant water uptake, can lead to the problem.  Some suggest that even 
mild drought stress can lead to BER, which makes sense if the stress happens to correspond with a 
period of rapid fruit development and a need for calcium.   

Environmental conditions are another type of factor that is attributed to incidence of BER.  This is 
probably because environmental factors can have a strong influence on plant water and nutrient uptake.  
Strong wind and low humidity cause a lot of the moisture to evaporate through the leaves, which causes 
the calcium to be deposited in the leaves, but not in the fruit.  Each of high humidity, low humidity and 
hot and dry winds are factors that favor BER.  It may seem confusing that such diverse conditions favor 
the problem.  However, each of these situations would be detrimental to water uptake by plants and 
consequently favor reduced water and calcium uptake.  Salinity is another soil environment condition 
that favors BER and that is especially important in arid climates.   

Nutrient availability to plants can have an influence on BER.  As already discussed, BER is thought to 
be a calcium deficiency in fruit that is caused more by a problem of calcium distribution in the plant 
rather than low soil calcium.  However, there are occasions when soil calcium is low and calcium 
application may reduce BER.  This was shown in studies conducted in Oklahoma in which watermelon 
fertilized with gypsum had reduced BER.  Nitrogen can have several effects.  Excess nitrogen 
fertilization leads to vigorous plant growth, which, as already discussed, can be a source of BER.  
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Nitrogen form can also be important and when it is supplied in the ammonium form in excessive 
amounts it can further induce BER.  High potassium and magnesium levels in the soil have also been 
found to favor BER, probably through interactions with calcium.  Cations such as K+, Mg+, and NH4

+ 

can all compete with the calcium cation Ca++. Since they all have positive charges, they all tend to 
compete with each other for negatively charged exchange sites.  In greenhouse production using 
hydroponic culture, BER can result from improper nutrient level maintenance and day/night cycling. 

Several additional factors have been associated with BER.  One of these is root damage which can be 
the result of disease, root injury by cultivation, and nematodes.  It is likely that improper use of 
herbicides that interfere with root growth could have similar effects.  Poor soil preparation, such as the 
presence of shallow, impermeable soil layers that impede root growth is another factor that can favor 
BER. The reason these soil factors can contribute to BER is that, for the most part, calcium can only be 
absorbed through the extreme tip of the roots.  Old portions of the root have membrane barriers which 
prevent calcium from moving across the membrane.  Even the tip of older roots tends to block calcium 
uptake. Thus, the root needs to be actively growing, with healthy, young permeable root tips, in order 
for calcium to be taken up by the plant. 

What can be done to help prevent BER?  Considering all that has been discussed on the factors that can 
lead to BER, it seems that a first step is to use good planting and growing practices.  This includes: 

- Site selection to avoid poor drainage and wind exposure.  Raised beds may be helpful in poorly drained 
sites. Wind exposure is a major cause of BER in Oklahoma. 

- Soil testing and nutrient management, proper soil nutrient balance, avoid excess nitrogen fertilizer 

- Proper liming based on a soil test.  Too much or not enough can each be detrimental 

- Avoid salinity problems 

- Good disease control practices such as using resistant varieties and proper crop rotations 

- Proper soil preparation 

- Careful herbicide use 

- Avoid planting when soil is still too cool, which impedes good root development 

- Carefully selected and managed irrigation practices. Practices that are used should avoid excess wet or 
dry conditions. One should strive to maintain a uniform soil moisture environment.  Drip or trickle 
irrigation is a good system for achieving greatest control of soil moisture. 

- Use good mulching practices to reduce soil water fluctuation 

There are additional factors that can also be important:   

- Some cultivars and fruit types are less susceptible to BER.  In watermelon, elongated fruit types are 
often found to be more susceptible and spherically shaped varieties are sometimes referred to as being 
“resistant” to BER.  Some tomato varieties and small fruited types are less susceptible.  Growers may 
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want to ask seed suppliers about the availability of such varieties. Likewise, certain pepper types are 
more susceptible than others. 

- Planting of severely “hardened-off” transplants should be avoided, as well as overly succulent plants.  
Overly hardened transplants would not have healthy actively growing root tips.  Also, the stem would be 
hardened which would restrict water uptake.  Overly succulent plants would probably lose too much of 
the transpiration stream through the foliage.  The trick is to try and get the transpiration water to flow to 
the fruit as much as possible and not solely to the leaves.      

- Remove BER affected fruits.  Although BER will not spread to other fruits, subsequent fruits may be 
less affected.  Let the plant put its energy into new fruit development. 

- Avoid severe tomato plant pruning 

- Foliar calcium sprays are sometimes recommended.  However, research has not shown this to be a very 
reliable practice for most situations.  A grower’s efforts would probably be better directed at careful 
application of the already discussed practices. 
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Snapbean Evaluation for Main and Late Season Planting 
Spring 2005, Bixby, Oklahoma 

A. Brothers, L. Brandenberger, L. K. Wells, R. Havener 

Materials and Methods:  During the spring of 2005 a Snapbean variety trial was conducted to 
determine the potential of 20 different cultivars for commercial production in Oklahoma planted on a 
main season planting date and a later alternative date.  The first planting was on 4/25/05 and the second 
on 5/12/05. Plots were direct seeded using a research cone-planter with rows 36 inches apart at a 
seeding rate of approximately 10 seeds per foot. Weed control was accomplished with 1.2 lbs ai of Dual 
8E (metolachlor) applied PRE immediately following planting. Each plot consisted of 1 row 20 feet 
long, plots were replicated 4 times in a randomized block design.  Plots were fertilized with a total of 45 
lbs of N per acre spread over two applications.  The number of plants/meter were counted, % lodging, 
yield, and quality data (quality rating, pod sieve size) were recorded at harvest.  One meter of row per 
plot was harvested on 6/23/05 for the April planting and on 7/08/05 for the May planting. 

Results and Discussion:  Plant stands varied between cultivars for both plantings, but no differences 
were observed between the two plantings on a cultivar basis (Tables 1 and 2).  PSL-75 had the highest 
number of plants per foot for both planting dates with 12.3 and 11.7 plants per foot for the April and 
May planting dates, respectively. Lodging did not vary between cultivars in the April planting, but there 
were differences observed for the May planting and several cultivars varied between the two planting 
dates. Diplomat and SB 4285 had 2 and 0% lodging, respectively, for the May planting while several 
cultivars were 10% or higher including Hayden that had 30% lodging. 

Yield varied considerably between the first and second plantings with a majority of the earlier planting 
yielding significantly more than the second (Table 1,2 and Figure 1). Yield was highest in the first 
harvest for Titan and Hayden that recorded 419 and 413 bu/acre, respectively.  Other cultivars ranged in 
yield from 223 to 386 bu/acre for the first harvest date.  Yields for the second harvest were highest for 
SB4285 and Embassy that had 235 and 218 bu/acre, respectively.  Other cultivars recorded yields that 
ranged from 33 to 196 bu/acre. 

Pod length was shortest for PLS-75 and SB4285 in the first harvest (Table 1 and 2).  Both cultivars had 
an average pod length of 2.9 inches compared to an average of 4.3 inches for the remaining cultivars. 
PLS-83 had the longest pod length (4.9 inches) in the second test 

The percentage of beans within a specific sieve size varied considerably between the five sizes recorded 
in both tests (Table 3). To help reduce confusion from a large amount of data, size 3 and 4 were 
combined and a percentage by weight for this combination was determined and analyzed.  The 
percentage of sieve sizes 3 + 4 varied significantly for cultivars in the first harvest on 6/23/05.   
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Conclusions:  A majority of cultivars in the study performed well in the first planting and several have 
potential in that time slot, but yields in particular were reduced dramatically in the second planting 
Table 1.  Snapbean variety trial, Bixby, Oklahoma.  planted 4/25/05-harvested 6/23/05, plants/ft, lodging, yield, 
pod quality ratings, and pod length. 

Yield 
Variety Source No. plants/ft % lodgingz (bu/ac)y Pod qualityx Pod length(in) 
GR-1-04 Pureline 9.0 abcdw 3 a 354 abc 3.2 c 4.3 a 
PLS-83 Pureline 4.1 e 3 a 277 cd 3.2 c 4.9 a 
PLS-75 Pureline 12.3 a 5 a 223 d 3.3 c 2.9 b 
PLS-118 Pureline 6.2 de 5 a 263 cd 3.8 abc 4.4 a 
I GL 00 Pureline 10.3 abc 7 a 288 bcd 4.4 ab 4.3 a 
Dart-Slurry Harris Moran 10.9 ab 3 a 356 abc 3.8 abc 3.9 a 
Hystyle-Slurry Harris Moran 9.5 abcd 3 a 355 abc 3.5 bc 4.1 a 
Envy-Slurry Harris Moran 8.6 abcd 7 a 358 abc 3.8 abc 4.5 a 
Caprice-Slurry Harris Moran 8.6 abcd 5 a 305 abcd 4.7 a 4.4 a 
Trueblue-Slurry Harris Moran 7.6 bcde 5 a 361 abc 3.7 bc 4.3 a 
Titan Asgrow/Seminis 6.1 de 5 a 419 a 4.3 ab 4.5 a 
Ulysses Asgrow/Seminis 7.4 bcde 5 a 335 abcd 3.2 c 4.4 a 
Tapia Asgrow/Seminis 6.5 cde 8 a 386 abc 3.7 bc 4.4 a 
Ebro Asgrow/Seminis 6.4 cde 5 a 349 abcd 3.8 abc 4.4 a 
15340771 Asgrow/Seminis 6.6 cde 11 a 306 abcd 3.8 abc 4.4 a 
Hayden Syngenta 7.0 cde 12 a 413 ab 3.0 c 4.6 a 
Diplomat Syngenta 7.9 bcd 2 a 290 abcd 4.7 a 3.9 a 
SB4282 Syngenta 5.8 de 5 a 258 cd 3.5 bc 4.3 a 
SB4285 Syngenta 6.7 cde 2 a 334 abcd 3.3 c 2.9 b 
Embassy Syngenta 8.3 bcd 2 a 323 abcd 3.7 bc 4.2 a 
z%Lodging=percent plants that have fallen over i.e. lodged. 

yYield= bushels per acre, one bushel = 30 lbs. 

xPod quality=1-5 rating, 1=poor, 5=excellent. 

wNumbers followed by the same letter are not significantly different based upon Duncan’s multiple range test with 

P=0.05. 
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Table 2.  Snapbean variety trial, Bixby, Oklahoma.  Planted 5/12/05-harvested 7/08/05, plants/ft, lodging, yield, 
pod quality ratings, and pod length. 

Yield 
Variety Source No. plants/ft % lodgingz (bu/ac)y Pod qualityx Pod length(in) 
GR-1-04 Pureline 7.9 bcw 13 bcd 137 abcd 3.0 bcde 4.3 abc 
PLS-83 Pureline 2.7 d 7 bcd 99 cde 2.3 def 4.9 a 
PLS-75 Pureline 11.7 a 7 bcd 79 de 1.8 f 3.0 d 
PLS-118 Pureline 5.0 cd 3 bcd 80 de 1.8 f 3.4 d 
I GL 00 Pureline 7.9 bc 8 bcd 33 e 2.7 cdef 4.0 c 
Dart-Slurry Harris Moran 7.6 bc 10 bcd 131 abcd 4.0 a 4.2 bc 
Hystyle-Slurry Harris Moran 6.3 bc 8 bcd 120 bcde 3.2 abcd 4.2 bc 
Envy-Slurry Harris Moran 6.8 bc 8 bcd 125 bcde 3.3 abc 4.3 abc 
Caprice-Slurry Harris Moran 8.6 b 5 bcd 148 abcd 4.0 a 4.3 abc 
Trueblue-Slurry Harris Moran 6.7 bc 13 bcd 164 abcd 3.3 abc 4.6 abc 
Titan Asgrow/Seminis 6.1 bc 13 bcd 93 cde 3.3 abc 4.6 abc 
Ulysses Asgrow/Seminis 7.7 bc 8 bcd 175 abcd 3.2 abcd 4.4 abc 
Tapia Asgrow/Seminis 6.4 bc 15 bc 196 abc 2.3 def 4.6 abc 
Ebro Asgrow/Seminis 5.0 cd 17 b 191 abc 2.2 ef 4.7 ab 
15340771 Asgrow/Seminis 5.6 bcd 15 bc 190 abc 3.5 abc 4.7 ab 
Hayden Syngenta 6.1 bc 30 a 121 bcde 2.7 cdef 4.6 abc 
Diplomat Syngenta 6.5 bc 2 cd 91 cde 3.7 ab 4.2 bc 
SB4282 Syngenta 5.6 bcd 13 bcd 136 abcd 2.8 bcde 4.6 abc 
SB4285 Syngenta 8.0 bc 0 d 235 a 3.5 abc 4.5 abc 
Embassy Syngenta 7.7 bc 7 bcd 218 ab 3.2 abcd 4.6 abc 
z%Lodging=percent plants that have fallen over i.e. lodged. 

yYield= bushels per acre, one bushel = 30 lbs. 

xPod quality=1-5 rating, 1=poor, 5=excellent. 

wNumbers followed by the same letter are not significantly different based upon Duncan’s multiple range test with 

P=0.05. 
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English Pea Varieties, A New Processing Crop in the Arkansas 

River Valley With Fresh Market Potential 


Dennis Motes, Resident Director, Stephen Eaton and Larry Martin, Program Associates 

University of Arkansas, Division of Agriculture, Vegetable Substation 


Dennis R. Motes, Horticulturist, has been Resident Director of the University of Arkansas, Division of 
Agriculture, Vegetable Research Station since 1978 and has been with the Arkansas Agricultural 
Experiment Station since 1973.  Dennis received a B.S. degree from Kansas State University and M.S. 
degree from the University of Arkansas.  His current duties involve the administration and the 
coordination of various plant breeding and research programs carried out at the Alma, AR location. 

English peas for processing are primarily grown in the northeastern region of the United States.  Local 
processors are interested in the production of english peas in the Arkansas River Valley area.  This 
would allow local plants to be utilized for processing because of the close proximity to the production 
areas. 

The objective of this study was to evaluate available determinant type varieties to see how they would 
respond when grown in our southern region. We wanted to compare spring planting dates to determine 
optimum planting times for maximum yields and quality product.  Also, we wanted to look at heat units 
as a basis to determine maturity and schedule harvests using average degree hours over forty degrees 
Fahrenheit and to use tenderometer readings to determine optimum pea quality and timing of harvest.  

Soil preparation was completed in early February to obtain a standard seedbed.  Pre-plant fertilizer was 
incorporated at the rate of 30-60-30 per acre to enhance early plant establishment.  Fifteen varieties were 
planted on February 21, March 1, and March 11 in rows nine inches apart on a six foot wide bed.  
Seeding rate within the row was one seed per foot to achieve an approximate rate of 450,000 seeds per 
acre. One broadcast nitrogen application of 33-0-0 per acre was applied when the plants were four to six 
inches in height. 

The varieties consisted of both the standard and afila plant types.  The standard types have only short 
tendrils with prominent leaves.  The afila types have long prominent tendrils that tend to mass and 
entwine in the upper portion of the plant. This helps to hold the plants upright and is better suited for a 
cleaner machine harvest.  The afila type plants also have smaller non prominent leaves and were much 
harder to harvest by hand than the standard types. 

Heat units were calculated by accumulative adding average degree hours above forty degrees 
Fahrenheit. The varieties in the study ranged from 1,190 to 1,530 heat units for maturity.  Tenderometer 
readings of 100 to 120 were perceived to have the most potential for optimum quality product. 

Very few growth problems were noted with only one insecticide application of Asana at the 
recommended rate being applied during the growing season. 

Plots were hand harvested. Weights were recorded and samples were shelled to determine shell out 
percent.  Sieve size was measured to determine pea size. 
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Excellent yields were obtained from most all varieties with yields ranging from 6,300 (Orcas) to 8,700 
(Tonic) pounds per acre shelled peas.  (See table 1.) All varieties achieved a shell out of approximately 
fifty percent. With this type of shell out percent, approximate market weights of fresh pods would range 
from 12,600 to 17,400 pounds per acre.  English peas would make a very lucrative fresh market crop 
with this type of yields. 

In this study, peas planted after the first week of March had reduced yields, but still did well. 

Using the heat units that are recommended by the seed companies to estimate pea maturity in the 
northeastern region is accurate and did not vary a lot from the southern region of the United States. 

Harvesting at tenderometer readings of 90 to 130 will still give a good quality product.  As the 
temperatures increase, the tenderometer readings will change very rapidly. 

Depending on weather, as a general rule, maturity will be reached approximately twenty-one days after 
full bloom.  Another gauge is to allow approximately seven days from pod gas (swelling) to harvest. 

Using seeding rates approaching 500,000 per acre (approximately 300 pounds), seed costs will run 
$150.00 to $200.00 per acre. 

Even after considering the excellent season that we had for growing english peas, it is shown that they 
have excellent potential to make a very successful crop for processing as well as fresh market producers 
year in and year out. 

2005 English Pea Yield 
Vegetable Substation, Alma, AR 

Table 1 
AVG. 
HEAT 
UNITS 

VARIETY PLANT 
TYPE 

PLANTING 
DATE #I 
2/21/05 
(lbs./acre) 

PLANTING 
DATE #II 
3/1/05 
(lbs./acre) 

PLANTING 
DATE #III 
3/11/05 
(lbs./acre) 

AVG. 

1310 TONIC R 9,283 9,851 6,992 8,709 
1530 FP 2280 R 9,199 8,072 6,633 7,968 
1380 ALADDIN A 7,886 8,510 7,370 7,922 
1310 STYLE A 7,616 9,457 6,519 7,864 
1190 FREEZER 

680 
R 7,946 8,677 6,848 7,824 

1400 FP 2278 A 9,079 8,821 5,049 7,650 
1400 ESTANCIA A 8,108 9,343 5,481 7,644 
1440 GENIE A 8,552 7,700 6,627 7,626 
1310 SCAMP R 8,126 9,859 4,887 7,624 
1380 POLAR R 10,045 7,994 4,791 7,610 
1190 JUNE R 8,366 8,015 6,363 7,464 
1410 KALMO A 8,480 7,658 6,123 7,420 
1440 FP 2286 A 8,234 7,496 5,409 7,046 
1430 BINGO A 8,330 6,033 5,853 6,739 
1520 ORCAS R 7,286 5,793 5,901 6,327 

AVERAGE 8,389 8,242 6,056 7,562 
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Gleaning Hope for the Hungry 
Cindy Cummins, Director of Business Development 


Community Food Bank of Eastern Oklahoma 


The concept of food banking began in the late 1960s in Phoenix, Arizona. John Van Hengel, a retired 
businessman, volunteered at a local soup kitchen. He solicited donations of food products that might 
otherwise go to waste, and soon was generating more food than the soup kitchen could handle. John Van 
Hengel decided to set up a warehouse where he could store the donated products and distribute them to 
charities feeding hungry people in Phoenix. The first food bank was then established.  (source: 
America’s Second Harvest website) 

The movement has grown into a national network of over 200 Food Banks under the umbrella of 
America’s Second Harvest, the Nation’s Food Bank Network and is spreading internationally as well in 
Europe, Australia, Israel and Mexico.  There are two Food Banks serving the state of Oklahoma, the 
Community Food Bank of Eastern Oklahoma, serving the 24 eastern counties and the Regional Food 
Bank of Oklahoma which serves the 53 counties in the central and western parts of the state.  Six Food 
Banks serve the state of Arkansas including Harvest Texarkana, Ozark Food Bank, River Valley 
Regional Food Bank, Arkansas Food Bank Network, Inc., Food Bank of North Central Arkansas and the 
Food Bank of Northeast Arkansas. 

All Food Banks in the America’s Second Harvest network strive to eliminate hunger and food insecurity 
by providing donated food products to partner programs such as emergency kitchens, local food 
pantries, and non-profit residential facilities.  Oklahoma has the dubious distinction of being first in the 
nation for people experiencing hunger at 5.6% and fourth in the nation for food insecurity at 15.2%.  
Food insecurity exists when, because of limited financial resources, an individual or family must make 
the difficult decision to buy food or pay for basic needs like rent, utilities, or medicine.  Unfortunately, 
children and the elderly make up more than half the 50,000 people served weekly by the Community 
Food Bank of Eastern Oklahoma and its partner programs. 

Last year the Community Food Bank of Eastern Oklahoma (CFBEO) in concert with its 450 partner 
programs distributed almost 9 million pounds of food to people in need.  CFBEO welcomes food 
donations large and small and would encourage vegetable and fruit producers to contact the Food Bank 
in their area to discuss gleaning their fields.  One thing Food Banks strive for is improving the 
nutritional quality of the food distributed and fresh vegetables and fruits are a wonderful way to address 
this need. 

Some of the benefits to the producer include knowing that your efforts are helping those in need, being 
recognized in your community as a philanthropist, tax benefits of donating product to a 501(c)3 
organization, and the potential for increased exposure through Food Bank publications directed to other 
food donors and the general public. 
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Effect of Storage Conditions and Genotypes on Shelf-life of Fresh 

Southernpeas 

Justin Butcher, T.E. Morelock and D.R. Williams

University of Arkansas


Southernpeas are popular with home gardeners and the fresh shelled peas are a fresh market 
product that could have great potential for area growers.  The major problem with expanding this crop 
for local producers is maintaining quality of the shelled peas once they enter the market channel. 
Previous work at the University of Arkansas has shown that varietal difference exist and that these 
differences coupled with proper postharvest handling may allow southernpeas  to become an important 
crop for area growers. 

In 2003, 23 varieties and breeding lines were evaluated for postharvest storage potential by 
placing the shelled peas  in refrigerated storage at 3-5EC and rating quality loss over a 3 week period. 
Differences were observed and a follow up test was preformed in 2004.  Differences were also observed 
between genotypes in 2004. 

An additional experiment was also conducted in 2004 in Fayetteville, Arkansas.  Five 
southernpea varieties: ‘Early Acre’, ‘Early Scarlet’, ‘Excel Select’, ‘Coronet’ and ‘Arkansas Blackeye 
#1'  were planted in a randomized block design.  Twelve green mature pods of each variety were 
subjected to a sweated or unsweated treatment and then shelled.  After shelling seed were subjected to 
four different environmental conditions:  refrigerated, room temperature, and ambient air and hot water 
dip, and each treatment was evaluated for changes in physical appearance until quality changes were 
observed. The study showed that a refrigerated environment at or near 3-5EC (35-40EF) allowed the 
crop to be stored for up to 2 weeks. It also appeared that sweating assisted the shelling process and 
maintain the appearance of each variety slightly longer but probably not long enough to justify the 
additional effort.  No statistically significant differences were observed between the 5 varieties tested in 
this study. 
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Specialty Eggplants: Going Beyond Big, Oval, and Purple 

Brian A. Kahn, Tina Johnson, and Lynda K. Wells 
Dept. of Horticulture and Landscape Architecture, 
Oklahoma State University, Stillwater, OK 74078 

Specialty vegetables are defined as those almost exclusively imported or else grown on a very limited 
scale in the U.S. They include unusual or exotic crops or cultivars.  They offer the potential for a higher 
return to the grower than “ordinary” vegetables – but true to their designation, their markets are 
specialized. There are two main market targets for specialty vegetables:  ethnic groups, and high-end 
buyers who enjoy gourmet produce and who appreciate the unusual. 

Eggplant is a minor crop in the U.S. but is popular overseas both regionally (e.g., Asia) and in particular 
countries (e.g., India and Italy). About 6,500 acres of eggplant were harvested in the U.S. in 2000, with 
70% of the acreage in three states:  FL, CA, and GA. For 1999-2001, average prices were $25 to $30 
per hundredweight for “regular” fresh eggplant.  U.S. government estimates for eggplant were 
discontinued in 2002. 

There is no OSU Extension Fact Sheet on eggplant culture.  Alabama is a good source for basic cultural 
information; see publication ANR-1098, available at www.aces.edu. Eggplant is adapted to Oklahoma.  
It is in the same optimum temperature group as okra and sweetpotato.  Drip irrigation is recommended 
for eggplant production, and the crop requires good pest control.  Likely problems in Oklahoma include 
aphids, flea beetles, Colorado potato beetles (which prefer eggplants to potatoes), mites, and a fungal 
disease called Phomopsis blight. 

Eggplant is a labor-intensive crop requiring hand harvest twice a week for up to eight weeks.  It is also a 
perishable product. The fruits bruise easily.  Fruits should be cooled with forced air (pressure cooling), 
not with chilled water (hydrocooling).  Smaller fruits usually are packed in ½ bushel boxes.  Storage is 
only done to facilitate marketing; the fruits are held at 54 oF and 90-95% relative humidity for no more 
than one week. 

A demonstration planting of specialty eggplants was grown at the OSU Botanical Garden in Stillwater in 
2005. Seeds were sown in Speedling-type flats (128 cells per flat) filled with a peat-based plug and 
seedling mix on March 17, 2005.  Six plants of each cultivar were transplanted to the field on May 5.  
Plants were monitored periodically throughout the season.  Detailed observations were recorded on July 
7, July 26, and August 7, but no yield data were taken.  Observations are summarized in a table below.  
The demonstration was featured as part of an episode of Oklahoma Gardening that aired on July 23, 
2005. 

95


http:www.aces.edu


Cultivar Company Hybrid? Description 
Antigua Tomato 

Growers Supply 
No Heirloom.  Attractive, long white fruit streaked w/lavender.  

Moderate set that continued into August.  Looked good. 
Apple Green Tomato 

Growers Supply 
No Early.  Moderate set.  Fruit round to oval and pale green, but 

definite plant-to-plant variability in fruit color & plant size. 
Black 
Beauty 

Chesmore No Heirloom.  Large, oval, purple fruit that often were somewhat 
ribbed. Fruit color often was poor and fruit were very susceptible 
to Phomopsis rot. 

Bride Tomato 
Growers Supply 

Yes Long white fruit blushed w/lavender and more slender than 
‘Antigua’. Late to set but loaded with fruit by August. 

Casper Twilley Yes Shortest plants of the three white cultivars in trial.  Moderate set of 
cylindrical, white fruit. 

Cloud Nine Tomato 
Growers Supply 

Yes Big, vigorous plants.  Moderate but variable set of long oval, white 
fruit. 

Fairy Tale Tomato 
Growers Supply 

Yes Small lavender fruit streaked w/white; often set in clusters.  Good 
production for a dwarf plant.  A cute novelty and an All-America 
Award winner. 

Ghostbuster Twilley Yes Big, vigorous plants.  Moderate set of cylindrical, white fruit. 
Possibly the best of the three white cultivars in trial. 

Green 
Goddess 

Tomato 
Growers Supply 

Yes Long, lime green fruit that tended to curve and fatten with age.  
Variable set but produced into August. 

Kermit Tomato 
Growers Supply 

Yes Plants started slowly, but grew well once established and were very 
productive.  Fruit round, green marbled w/white.  Thai type.   

Listada de Gandia Tomato 
Growers 
Supply 

No Heirloom.  Oval white fruit striped w/lavender. Plants 
not as vigorous as some others such as ‘Antigua’.  
Relatively low set and fruit were susceptible to 
Phomopsis rot. 

Neon Tomato 
Growers 
Supply 

Yes Cylindrical fruit that only looked “neon” when small; 
otherwise, fruit pink-purple and often streaked w/white.  
Poor early set; more set by July 26. 

Pingtung Long Tomato 
Growers 
Supply 

No Very long, purple to lavender fruit w/purple calyx. 
Many of the fruit set high enough to stay relatively 
straight while becoming quite long.  Moderate set.  
Very striking. 

Prosperosa Tomato 
Growers 
Supply 

No Heirloom.  Round, dark purple fruit w/purple calyx.  
Relatively compact plants and only fair set.  Some fruit 
not well shaped. Can catch the eye, but overall did not 
seem to be a high producer of marketable fruit. 

Rosa Bianca Tomato 
Growers 
Supply 

No Heirloom.  Fruit round to oval, white streaked 
w/lavender, with a big calyx. Fruit often ribbed, 
scarred, or malformed; not a refined fruit appearance. 
A novelty. 

Zebra Tomato 
Growers 
Supply 

Yes Big, vigorous plants.  Long oval fruit, purple streaked 
w/white. Fruit fatter and with more purple than 
‘Antigua’.  Poor early set; moderate set by July 26.  

Seed sources: www.tomatogrowers.com , and www.twilleyseed.com. 

Specialty eggplants are colorful and fun to grow, but one should be sure to have labor available and a 

good market before producing them in volume. 
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Organic Watermelon Variety Trial Using Low and High Input 

Production Methods 


Angela R. Davis1, Charles L. Webber III1, Penelope Perkins-Veazie1, 

Vincent Russo1, and J.V. Edelson2 


1USDA, ARS, SCARL and 2Oklahoma State University 

Lane, Oklahoma


Angela Davis has worked as a Research Geneticist since 1999 for the USDA-ARS at the South 
Central Agricultural Research Laboratory in Lane, Oklahoma.  She works to improve watermelon 
germplasm through traditional breeding and molecular biology techniques.  Together with her 
collaborators at SCARL, a center of excellence for watermelon research, she has developed a low sugar 
watermelon variety for diabetic consumers.  Additionally she breeds cucurbit crops for disease 
resistance and screens for high phytonutrient containing fruit. 

Introduction 
Many consumers consider organically produced fruits and vegetables to be healthier and safer 

then conventionally grown fruit.  Because of this, consumers are often willing to pay more for 
organically grown crops. However production of organic fruits and vegetables can be challenging, 
especially in climates where weed, insect and disease control is difficult.  Knowing which varieties of 
fruits and vegetables perform best under organic growing conditions is imperative for a good harvest.  
Unfortunately, there is limited information on watermelon (Citrullus lanatus var. lanatus) varieties that 
do well under organic growing conditions. Because of this, production characteristics of six watermelon 
varieties from certified organic seed sources under high and low input organic cultural practices in 
Southeastern Oklahoma were compared to determine which varieties perform best under both methods. 

Materials and Methods 
Seeds were planted in Speedling flats containing Sunshine LC1 Mix (Sun Gro Horticulture, Seba 

Beach, Canada) and grown at 24-29OC in a greenhouse. On May 19th and 20th, 2005, 4.5-wk old 
greenhouse grown seedlings were transplanted to our field plots.  Included in this study were six 
commercial varieties. Ten plants of each of the six varieties were planted three feet apart in four rows 
with 12 foot centers. The varieties were planted in a randomized complete block design with four 
replications in a serpentine arrangement. The plants were grown using high input organic cultural 
practices at Lane, OK, or using low input organic cultural practices at Center Point, OK (about 12 miles 
from Lane).  Both field plots had Bernow fine-loamy, siliceous, thermic, glossic palendalf soil, were 
pretreated using recommended rates of chicken manure for watermelon production (Roberts, 2002), and 
were treated biweekly with applications of fish emulsion fertilizer (NPK 2-3-1).  Drip irrigation was 
used to deliver water as needed.  For high input plastic mulch was applied and the center strips between 
rows were cultivated as needed for weed control.  For low input a no-till system using a mowed rye and 
vetch cover crop was used at Center Point with vinegar (5% acetic acid) sprayed in the row centers for 
weed control. A third plot (low input conventional) was planted but weed pressure negated useful data 
and is thus not reported. 

Varieties planted included Early Moonbeam and Sugar Baby from Seeds of Change (Santa Fe, 
NM) and Allsweet, Triple Crown, Triple Prize, and Triple Star from Terra Organics LLC (Maxwell, 
CA)1. Early Moonbeam, Sugar Baby, and Allsweet are seeded varieties and served as pollinators for the 
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seedless varieties Triple Crown, Triple Prize, and Triple Star.  Early Moonbeam is a yellow variety; the 
other five varieties are red fleshed. 

Watermelon fruits were harvested over a 4-week period at approximately 7-day intervals and 
separated into marketable and unmarketable fruit, counted, and weighed.  Approximately 20 ripe fruit of 
each variety from each location were cut longitudinally, and flesh from the center of the watermelon 
tested to determine sugar content (Brix) using a digital refractometer.  Heart tissue was collected, pureed 
using a polytron homogenizer, and tested for lycopene content using a Hunter UltraScan XE (Davis et 
al., 2003). 

Results and Discussion 
Allsweet produced the largest and Early Moonbeam the smallest fruit.  Early Moonbeam had a 

tendency to burst while handling. All three seedless varieties were similar in appearance and marketable 
yield and produced higher marketable yield than Allsweet, which is a recommended variety for planting 
in Oklahoma (OSU Extension Fact, F-6032). Triple Star had better quality (higher Brix, and lycopene) 
when data from both locations were combined (Table 1).  All varieties were more productive under high 
input production conditions; however quality traits (lycopene and Brix) were never higher and were 
usually lower than from the low input production field (Table 2). 

The low input management system had much higher weed pressure than the high input field (see 
Webber et. al. HIS Proceedings, 2006) and is likely why the low input field produced 33% smaller fruit 
on average and produced 46% less fruit than the high input field.  Early signs of alleleopathy in the non-
tilled field and heavy late season weed problems most likely caused the decreases in fruit size and 
number.  There was an increase in the percent marketable fruit for the low input field (Table 3).  This 
may be due to accelerated ripening due to stress factors, and/or weed coverage reducing bird damage. 

Lycopene and Brix from watermelons grown in the low input field were higher than those grown 
under high input conditions, 29% and 6% higher respectively (Table 1).  This suggests that stress due to 
weed competition may enhance these quality aspects of the fruit.  This may be linked to lack of 
expansion of the fruit allowing an accumulation of lycopene and sugar.  These results indicate that the 
lycopene content of watermelon varieties may be substantially influenced if fruit growth is restricted. 

Summary 
Triple Star was the most productive seedless variety in terms of number of fruit and marketable 

yield per 80 plants when data from both fields were combined.  Early Moonbeam produced the largest 
number of fruit and the smallest fruit of the seeded varieties.  The most productive seeded variety in 
terms of marketable yield per 80 plants was Allsweet due to its larger size. 

Triple Star had the best quality when data from both fields were combined.  Among the seeded 
varieties, Allsweet had the best quality at both locations; however the average lycopene per fruit under 
low input production was not significantly different when compared to Sugar Baby.  Quality was 
determined by highest sugar and lycopene content. 
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Table 1:  Differences in fruit quality and yield of six varieties of watermelon.  Data was combined for both 
high' and 'low' intensity production conditions. 

Variety 

(Yield) 
Total # of 

fruit** 
% 

Marketable 
Marketable 
yield (lbs)** 

Average 
weight per 
marketable 
fruit (lbs) 

Average 
Lycopene 
per fruit 
(mg/kg) 

# of fruit 
used for 

Lycopene 

Average 
Brix per 

fruit 

# of fruit 
used for 

Brix 
Triple Star 368 72 2823 10.9 60.6 51 10.9 52 

Triple Prize 296 69 2591 12.6 57.5 41 10.4 59 

TripleCrown 275 82 2623 11.7 51.0 35 10.0 48 

Allsweet 160 68 2230 20.7 48.9 31 10.9 38 

Sugar Baby 152 76 1481 12.8 43.7 44 9.9 58 

EMB1 319 69 1153 5.3 - - 9.5 71 
1 Variety Early Moonbeam, lycopene was not tested for this yellow fruit. 
**These values are based on 80 plants. 

Table 2:  Differences in fruit quality of six varieties of organically grown watermelon from two locations.   

Variety Intensity 

(Yield) 
Total # of 
fruit*, ** 

% 
Marketable 

Marketable 
yield (lbs)** 

Average 
weight per 
marketable 
fruit (lbs) 

Average 
Lycopene 
per fruit 
(mg/kg) 

# of fruit 
used for 

Lycopene 

Average 
Brix per 

fruit 

# of fruit 
used for 

Brix 
TripleStar High 241a 60 1797a 12.7a 47.4b 21 10.1b 22 
 Low 119b 98 1026b 8.8b 69.8a 30 11.4a 32 

TriplePrize High 192a 54 1650a 15.8a 51.7b 23 10.1b 39 
 Low 104b 97 941b 9.2b 65.1a 18 10.9a 22 

TripleCrown High 186a 75 1908a 13.8a 44.2b 22 10.1a 31 
 Low 88b 98 715b 8.3b 62.4a 13 10.0a 13 

Allsweet High 103a 72 1584a 21.3a 45.3b 17 10.9a 23 
 Low 57a 60 647b 19.1b 54a 14 10.8a 14 

SugarBaby High 87a 61 852a 16.1a 33.6b 24 9.6b 39 
 Low 65a 97 629a 9.9b 55.4a 20 10.4a 20 

EMB1 High 203a 58 651a 5.6a - - 9.5a 51 
 Low 116b 88 502a 4.9a - - 9.5a 19 
1 Variety Early Moonbeam, lycopene was not tested for this yellow fruit. 
*Means in a column followed by the same letter are not significantly different based on a Least Significant Difference 
(LSD) test, P=0.05. 
**These values are based on 40 plants. 
Means followed by the same letter are not significantly different within variety based on a Least Significant 
Difference (LSD) test, P=0.05. 
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High input production methods almost doubled the number of fruit produced for all varieties, 
producing greater yields and heavier average fruit weights compared to the low input production 
methods.  However, these fruit had lower sugar and lycopene content than fruit grown under low input. 

Table 3: Differences in watermelon fruit quality and yield under high and low intensity growing conditions.  
Data for all six varieties were combined. 

Intensity 

(Yield) 
Total # 
of fruit** 

% 
Marketable 

Marketable 
yield (lbs)** 

Average 
weight per 
marketable 
fruit (lbs) 

Average 
Lycopene 
per fruit 
(mg/kg) 

# of fruit 
used for 

Lycopene 

Average 
Brix per 

fruit 

# of fruit 
used for 

Brix 

High 1012a 62 8443a 13.4a 44.3b 143 9.9b 205 

Low 549b 92 4459b 8.9b 62.5a 114 10.6a 121 

Means in a column followed by the same letter are not significantly different based on a Least Significant 
Difference (LSD) test, P=0.05. 
**These values are based on 240 plants. 

Mention of trade names or commercial products in this article is solely for the purpose of providing 
specific information and does not imply recommendation or endorsement by the U.S. Department of 
Agriculture. All programs and services of the U.S. Department of Agriculture are offered on a 
nondiscriminatory basis without regard to race, color, national origin, religion, sex, age, marital status, 
or handicap. The article cited was prepared by a USDA employee as part of his/her official duties.  
Copyright protection under U.S. copyright law is not available for such works.  Accordingly, there is no 
copyright to transfer. The fact that the private publication in which the article appears is itself 
copyrighted does not affect the material of the U.S. Government, which can be freely reproduced by the 
public. 
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Organic Agriculture: Excitement about Food and Farming in 

America 


Warren Roberts, Bill Kazokas, Merritt Taylor, Jonathan Edelson, and Jim Shrefler 

Oklahoma State University 


Food production systems are changing, and people are getting excited about these changes. Food is 
being recognized not just as a source of nutrients, but also as the centerpiece of a changing lifestyle.  
The public is becoming increasingly aware that food is vitally important in not only providing nutrition, 
but in preventing diseases and ailments.  An aging but increasingly aware generation of consumers is 
recognizing the importance of healthy nutritious food, and is making its needs known in the market 
place. 

In recent years, there have been growing public concerns about the safety of the food we eat, and the 
effect that farming practices have on the environment.  Current pesticide regulations support the opinion 
that conventional farming systems are dangerous.  Producers are told that all pesticides should be 
handled with extreme care.  They are told that they should wear protective clothing, rubber boots, 
gloves, and face shields when applying pesticides.  They are told that they should not enter a field that 
has received pesticides for 1, 2, 3 or more days after the pesticide has been applied.  They are also told 
that pesticides should not enter a water system, and that pesticide containers can only be disposed of 
under tightly controlled conditions.  Given these warnings and precautions, we should not be surprised 
when the consumer believes that conventional farming practices and food products are un-safe. 

There is also a growing public concern about the effect of conventional agriculture on the environment.  
Many people perceive that farmers are damaging the environment, destroying the soil, and poisoning the 
water systems.  The terms pesticide, fungicide, insecticide, and herbicide all suggest the use of a 
technique where death is used as a farming tool.  The term “cide” indicates death (as in suicide, 
homicide, genocide), and it is used in most pest control practices in conventional agriculture.  This 
connotation of death with farming further suggests to the public that conventional agriculture is 
detrimental to the environment. 

In addition to concern about the safety of our foods and environment, there is also a growing perception 
that organically grown foods are tastier and more nutritious than conventionally grown foods.  In a 
recent taste test carried out by the Good Housekeeping Institute, organic foods fared better than non-
organic foods in nine out of eleven taste test categories. 

Some studies have been conducted concerning the safety of organic vs. conventional foods.  Evidence 
can be found to support both sides of the debate.  However, when consumers go to a grocery store and 
buy organic food, they are stating that they prefer something about the way the organic food was 
produced, or the effect they believe it will have on their health.  If a consumer believes that organic food 
is better than conventional food, then it doesn’t matter if their beliefs are well founded or not.  The 
important consideration is that they have chosen to place their food dollars in the organic industry.  The 
purpose of this paper is not to argue for or against organic agriculture, but rather to report on the 
accelerating market for organically grown foods, and to prepare local farmers for marketing 
opportunities in this area. 

Over the last few years, more and more consumers are voting with their dollars in favor of organic 
agriculture. On a global scale, over 25 billion dollars are now being spent on organic foods. 
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Furthermore, the organic industry has been growing at about 20% per year for the last several years.  
While the total organic industry is still small relative to the conventional farming industries, there is a 
strong indication that in the near future a larger and larger part of the food market will be organic.  This 
rapidly increasing market may offer many opportunities to Oklahoma producers. 

Presently, there are many types of organic products that are being marketed.  Organic tomatoes, corn, 
carrots, squash, beans, onions, lettuce, pumpkins, and beans are just some of the fresh foods that are 
available. Organic beef, chicken, pork, cereals, vinegars, and spices are available as fresh and packaged 
products. Several companies, including Gerber’s, are now marketing organic baby foods.  Some of 
Gerber’s products include organic beans, broccoli, carrots, cauliflower, corn, potatoes, squash, peas, and 
sweet potatoes, as well as many different fruits.  There are also organic supplements and health aids 
being sold. 

The bottom line is that organic foods are in demand and are rapidly becoming available.  There are now 
federal organic guidelines that stipulate the procedures for growing certified organic products.  These 
guidelines are the same in every state in the US, and also apply to organic foods that may be imported 
into the country.  Consumers can expect that organic foods in any state will meet the same standards as 
organic foods in any other state. Development of the federal organic standards was a major step in 
promotion of organic agriculture in America.  These standards have been refined over the last few years, 
and now provide a common set of rules for all producers in the country.  The standards are available 
from USDA and may be viewed online at http://www.ams.usda.gov/nop/indexIE.htm. 

Even with all of the interest in organic agriculture, there has been relatively little scientific research on 
the subject. While there have been numerous organic success stories, there have been very few side-by
side comparisons of organic and conventional farming techniques.  Most organic work that has been 
done has been either on the extreme east coast or west coast.  Conditions in the central plains states are 
drastically different from those of either coastal region.  Problems encountered in the central plains may 
not even exist in the coastal regions, and solutions to problems on either coast may not be relevant to 
Oklahoma conditions.   

There is little scientific documentation to help determine the crops that can be grown organically in 
Oklahoma, or the problems that may be encountered with them.  It would be logical to assume that 
certain crops could be grown easily under organic conditions, while other crops might be difficult or 
even impossible to grow under the same conditions.  Research has not been conducted to determine 
which crops are best suited, or have the best chance of being growing profitably, under local conditions. 

It is likely that organic solutions may be developed to solve problems with various crops that are being 
grown organically. Various techniques and materials are being promoted, but at the present there is little 
un-biased information to support or reject these products and techniques.  If organic production is to 
reach its full potential, extensive testing and comparisons of many production practices are needed. 

With the amount of interest in organic production nationwide, the opportunities for organic producers in 
Oklahoma, and the shortage of un-biased research on the subject, a multi-disciplinary team of scientists 
at the Lane Agricultural Center started a research and demonstration project in organic vegetable 
production in 2003. The project currently includes demonstration plantings and research on horticulture 
and pest management topics.  Several crops are being grown, including tomatoes, watermelon, sweet 
corn, and southern peas. 
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In January of 2006 the Lane Agricultural Center was certified as an organic production facility.  The 
center was the first, and is currently the only, public institution in Oklahoma to attain this certification.  
Eight acres have been certified and designated as an area to explore and develop organic production 
practices that are pertinent to the needs of Oklahoma and other Southern Plains states.  The project is 
expected to address the needs of producers who wish to grow organic crops in the region.  Crop 
selection, production practices, pest control procedures, and economics of each will be examined and 
reported in the upcoming years. 
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New Greens Varieties 
Teddy Morelock 


University of Arkansas 


Collard is a popular greens crop that is widely grown by home gardeners and it is also important 
as both a fresh market and a processing vegetable in the southern United States.  About twenty years ago 
the University of Arkansas began a collard breeding program to address the needs of our local vegetable 
canner. The objective of the program were to develop open pollinated collard varieties that were more 
upright in plant habit,  that had fewer objectionable stems and that had better color than the varieties that 
were being grown at that time.  The starting point for the program was a variety that had been released 
by Dr. S.A. Harmon of the University of Georgia.  This variety was called Georgia Upright.  The variety 
had some excellent upright plant types but it was some what variable and was badly infected with black 
rot, Xanthomonas Campestris, which is a seed born disease that can have disastrous results for growers. 
Our first priority was to get rid of the seed born disease and by use of hot water seed treatment, Clorox 
and antibiotic seed treatment we came up with a population that was free of black rot.  The population 
was then used as the start of a breeding program.   

Plants were selected upright growth habit and dark green leafy color.  Several breeding lines 
were generated and a line was actually increased for release a few years ago but it proved to be a poor 
seed producer so it was not released.  Other lines have been developed that have excellent plant type, 
good color and that produce adequate seed. Two of these lines are ready to release.  These are 01-9 and 
01-7, both lines are darker green and more upright than ‘Champion’ which in the variety currently being 
grown in the area. 01-9 is lighter green and grows a bit faster than 01-7 while 01-7 has a more blue 
green color and is more resistant to freeze damage than 01-9. 

The collard breeding program has also made several crosses with the glossy collard variety 
‘Green Glaze’ in an attempt to produce varieties to use in spinach based salad mixes.  Several breeding 
lines are being developed with excellent color that hold great promise for the future and should be ready 
for grown trials in the next few years. 
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Crop Alternatives for Vegetable Growers 

Niels Maness, Donna Chrz, Lynn Brandenberger, Amy Brothers and Robert Havener 

Department of Horticulture and L.A., 


Oklahoma State University, Stillwater, OK 74078 


For a number of years now we have been investigating a number of new crops, cropping systems 
and new uses for existing crops at the Bixby Vegetable Research Station, in a continuing search for new 
alternatives for vegetable growers. In most cases the crops we have trialed have multiple uses, but all 
have contained specific valuable chemicals which, if extracted, form the basis for value of the crop. We 
are viewing plants not only for their traditional and typical end uses, but as biological chemical 
refineries. This approach led us to view marigolds not for their use as bedding plants, but as producers of 
over a ton per acre of dried petals which are high in the pigment and nutraceutical lutein. It also led us to 
investigate and separate types of oregano for ability to produce either thymol (used as an antioxidant) or 
carvacrol (an antimicrobial), in lieu of use of oregano as a spice. We recently completed a project with 
watermelon, investigating red fleshed watermelons as producers of lycopene, rather than as producers of 
dessert. Our new crops/new use agriculture efforts expanded in 2005 and we report here our first year 
crop summaries for cilantro, basil and summer savory. 

Crop Culture and Harvest: Seed sources and varieties will be presented in the crop summaries. In all 
cases soil tests indicated adequate phosphorus, potassium and micronutrients, but very low nitrogen, and 
crops were fertilized preplant with 40 pounds of nitrogen per acre using urea. A top dress application of 
an additional 40 pounds of nitrogen per acre using urea was applied on May 17, about one month after 
planting. All 3 crops were planted on April 20-21 using a Monosem vacuum planter. Cilantro and 
summer savory were planted in 4 row beds (12 inch between row spacing) and a targeted plant density 
of 4 to 6 plants per linear foot of row. Basils were planted in 2 row plots with row spacing of 36 inches 
and a targeted plant spacing of 2 to 3 plants per linear foot of row. Plots were watered as needed from 
overhead sprinklers with approximately ½ inch water per application. Harvest was conducted with a 
Kincaid self propelled greens/forage harvester and harvested material was conveyed into plastic lugs. 
Total harvested weight was obtained and a sub-sample of 7 to 10 pounds (2 plastic lugs) from each plot 
was placed into a cooler at 50 F. The contents of each lug was placed into a plastic bag, overlaid with ice 
inside a cooler and transported to Stillwater for further processing. 

Cilantro/Coriander Trial: Three cilantro varieties (‘Santo’, ‘Slow Bolt’ and ‘Jantar’) were evaluated in 
2005. Seeds for ‘Santo’ and ‘Jantar’ were obtained from Johnny’s seed company; ‘Slow Bolt’ was 
obtained from Seedway seed company. Cilantro is a term used for the green herb and coriander is a term 
used for seed produced after cilantro plants bolt, flower and set seed. In 2005 we produced both spring 
and fall crops of cilantro. Coriander was produced from the spring planting only. 
Spring planting - cilantro. Plots were 200 feet long, and varieties were replicated three times for a total 
of 9 plots. One replication of the three varieties was treated with 1.5 pts/acre Treflan ppi. Two more 
replicates were planted without herbicide treatment, one was harvested and allowed to regrow, bolt and 
set seed and the other was not harvested for herb, but allowed to bolt and set seed.  Herb harvests were 
conducted upon first sign of bolting on June 9, at a 2 inch cutting height. Herb yield data is presented in 
Table 1. During the spring harvest 10 to 15 pounds of herb from each cultivar was divided into two 
approximately equal samples and either hydrocooled and spin dried within 2 hours after harvest, or 
placed dry into a cooler after harvest. Cilantro was transported to Stillwater and then stored in a cooler at 
38 F, and visual herb quality was assessed the day after harvest, and after one and two weeks of storage.  

105




Spring planting – coriander. Plots were topdressed with nitrogen from urea on June 13, 4 days after herb 
harvest, at a rate of 40 lb N/ac. By June 21 all plots were strongly bolting. Seed yield was estimated by 
harvesting six, three foot segments of seed stalks from plots designated for herb plus seed, and for seed-
only on August 4 with the Kincaid harvester, at a 4 inch cutting height. Seed stalks were air dried and 
seed were manually removed, cleaned and weights were recorded. Coriander yield data from plants 
which were previously harvested for cilantro herb and allowed to regrow and set seed (Herb plus Seed), 
and from plants which were not harvested for cilantro herb (Seed only) is presented in table 2. 
Fall planting – cilantro. A fall planting of cilantro was conducted with variety ‘Santo’ only, on July 26, 
August 9 and September 6. Plots were direct seeded and fertilized preplant as previously described. 
Since a previous observational study in the spring indicated that Dual herbicide exhibited no apparent 
damage for cilantro, and since Dual exhibits better weed control than Treflan, Dual 8E was applied post 
plant at a rate of 1.25 pts/ac. The first planting failed to emerge, probably due to too hot soil conditions, 
and was abandoned on August 9. The remaining plantings emerged to an acceptable stand and were 
topdressed with urea on September 21 at a rate of 30 lbs N/ac. The August 9 planting was harvested on 
October 13 as described for the spring harvest, and herb yields are shown in Table 1. Plants from the 
September 6 planting did not reach harvestable size before frost damage occurred and plots were 
abandoned. 
Cilantro/coriander Conclusions: Either Treflan applied ppi at 1.5 pts/acre or Dual 8E applied postplant 
at 1.25 pts/ac appear to have potential as herbicides for cilantro. Herb yield from the Treflan plots was 
not different from herb yield without herbicide in our spring planting. It should be noted that the Dual 
rate was at the lower range of traditional application rates, and higher rates should be evaluated for 
possible phytotoxicity. Our spring and fall cilantro yields (Table 1) were well below other published 
yields, and we noted relatively small plant stature in all cultivars at harvest (4 to 6 inch plant height). 
Regardless of the low total yield, we did observe substantial differences in yield potential with ‘Santo’ 
and ‘Slow Bolt’ highest, and ‘Jantar’ consistently lowest in herb yield. We evaluated different cooling 
methods using cilantro produced in the spring harvest to establish whether hydrocooling was applicable 
for extending shelf life of fresh cilantro. Substantial crop damage was evident in hydrocooled samples 
even one day after treatment, and damage appeared to be related to the degree that water was removed 
from the herb during spin drying. Damage appeared as brown leaf and stem discolorations and was 
worse for subsamples which contained more water after arrival in Stillwater. After one week of storage 
the wet samples had developed progressively more brown discolorations, affected tissues appeared 
slimy and storage was abandoned. Samples stored dry and without hydrocooling were acceptable in 
appearance up to the second week of storage, although some minor degreening was apparent in the two-
week samples. Clearly, cilantro should not be hydrocooled to remove field heat due to the observed 
damage symptoms presumably caused by exposure to excess water prior to storage. Our fall plantings, 
using only the highest yielding spring cultivar (‘Santo’) resulted in only one harvest from three planting 
dates. The late July planting was abandoned due to very poor crop emergence, presumably caused by too 
hot soil conditions. The early August planting was harvested in mid-October but produced a lower yield 
than the spring planting. The early September planting did not achieve harvestable mass prior to frost 
damage, but could have been harvested in late October. Further work on fall plantings should include 
more planting dates within the early to late August time frame to evaluate possible yield influence. Our 
coriander yields (Table 2), although lower than previously published, exhibited a similar ordering to the 
cilantro herb yields – ‘Santo’ was highest, followed by ‘Slow Bolt’ and then ‘Jantar’. Seed yield did not 
appear to be negatively influenced by a previous herb harvest. Seed yields were comparable for ‘Santo’ 
and ‘Slow Bolt’ from plants which were allowed to regrow, flower and set seed following an herb 
harvest (Herb plus Seed) versus plants which were never harvested for herb (Seed only). For ‘Jantar’, 
seed yields appeared to be higher for the “Herb plus Seed” versus the “Seed only” treatment.  Based on 
our 2005 cilantro/coriander trials we can conclude that either ‘Santo’ or ‘Slow Bolt’ are better selections 
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for production in Oklahoma than ‘Jantar’. It should be noted that one year’s trial can serve as a 
guideline, but that additional years trials will be needed to fully assess cilantro and/or coriander as crops 
to be recommended for Oklahoma.  

Table 1. 2005 Cilantro Yields (lbs per acre) in Bixby, OK 

Harvest Season Planting Date Harvest Date Santo Slow Bolt Jantar 
Spring April 21 June 9 3118 2413 1634 

Fall August 9  October 13 2363 

Table 2. 2005 Coriander Yields (lbs per acre) in Bixby, OK 

End Use Planting Date Harvest Date Santo Slow Bolt Jantar 
Herb plus Seed April 21 August 4 363 234 212 

Seed only 328 221 83 

Basil Trial: Five basil varieties were selected for study based on their typical use/aroma characteristics: 
‘Italian Large Leaf’ and ‘Genovese’ were common basil types with “typical” flavor and aroma; ‘Mrs. 
Burns’ Lemon’ was a lemon flavored basil; ‘Sweet Thai’ and ‘Ethiopian’ were regional-type basils, with 
unique flavors characteristic of their use in their geographic region. All seeds were obtained from 
Johnny’s seed company. Two sets of 200 feet long, 2 row plots were planted for each variety, for a total 
of 10 plots. One set of 5 plots was treated with 10 lb/ac ai Dacthal postplant as herbicide on April 22 
using a tractor mounted 12 foot broadcast sprayer calibrated to deliver 25 gallons of spray per acre. The 
other set of 5 plots was not treated with herbicide. Plots were irrigated with 0.5 inch of overhead 
irrigation following herbicide application. By May 22 severe crop injury in terms of failure to emerge 
was noted in the herbicide treated plots and they were abandoned. Harvests for the remaining plots were 
initiated on June 29 and continued until October 11, for a total of 6 harvests. After each harvest, plots 
were topdressed with nitrogen from urea at a rate of 30 lbs N/ac. Harvester cutting height was set at 10 
inches for all basils except ‘Sweet Thai’, which was cut at 6 inches. Basil samples transported to 
Stillwater were held at 50 F overnight, and were then washed to remove soil and other debris, spin-dried 
in a greens washer, weighed and placed onto cheesecloth. The cheesecloth was then tied to contain the 
samples and dried for five days at 74 to 80 F in a Proctor-Shwartz forced air drier. Moisture content was 
determined for all samples. 
Basil Conclusions: Due to severe crop damage, causing us to abandon herbicide-treated plots for yield 
evaluations, Dactal can not be recommended for use as a herbicide on basil. It should be noted that the 
rate tried (10 lbs ai/ac) was at the high end of recommended rates for onions and other vegetable crops. 
Basil stand establishment was variable and yield information on a fresh basis (Table 3) and on a dry 
basis (Table 4) has been corrected to eliminate plant skips in the plots. Harvests were timed relative to 
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plant growth (3 to 5 fully expanded leaves per stem) and flowering status (flower stalks developed, 
approximately ½ florets in flower). ‘Mrs. Burns’ Lemon’ basil yielded slightly more at the first harvest, 
but yields were comparable thereafter. Both ‘Sweet Thai’ and ‘Ethiopian’ basils yielded less than the 
other three varieties during the first three harvests, but per harvest yields were greater on the last two 
harvests, making cumulative yields comparable between all the basils by the last harvest. We noted that 
washing should be accomplished just prior to drying or other use for basils – if basils were washed prior 
to transport to Stillwater and then processed for drying the next day there was severe to slight damage in 
washed samples, versus only slight damage for non-washed samples. A relative ranking for the severity 
of damage (judged by leaf and/or stem discoloration) caused by prewashing was ‘Mrs. Burns’ 
Lemon’>>‘Ethiopian’>’Italian Large Leaf’>’Genovese’>>’Sweet Thai’. When storage was required, 
temperature should be 48 to 52 F to avoid chilling damage, and herbs should be stored dry under high 
humidity. Under this condition, only minor deterioration was noted after one week of storage. Basils 
appear to have good yield potential for Oklahoma production. We are in the process of chemical 
evaluation to assess their value as new extraction crops.  

Table 3. 2005 Cumulative Basil Fresh Yields (lbs per acre) 
in Bixby, OK 

Harvest # Harvest Date Italian Large Leaf 
Mrs. Burn's 

Lemon Genovese Sweet Thai Ethiopian 
1 29-Jun 3009 3938 2688 1161 331 
2 19-Jul 15412 16643 16083 8656 8034 
3 2-Aug 18025 20179 18776 10528 9917 
4 30-Aug 41957 40828 41220 31395 32130 
5 20-Sep 47850 48356 47547 53198 44012 
6 11-Oct 61922 58984 60219 66749 58944 

Table 4. 2005 Cumulative Basil Air Dry Yields (lbs per 
acre) in Bixby, OK 

Harvest # Harvest Date Italian Large Leaf 
Mrs. Burn's 

Lemon Genovese Sweet Thai Ethiopian 
1 29-Jun 373 639 370 172 42 
2 19-Jul 2100 2308 2290 1225 1104 
3 2-Aug 2414 2777 2594 1497 1364 
4 30-Aug 4650 4872 4776 4124 3638 
5 20-Sep 5480 5568 5391 6849 4946 
6 11-Oct 6760 6768 6745 8556 6707 

Summer Savory Trial: Two summer savory varieties (‘Aromata’ and ‘Common’) were evaluated in 
2005. All seeds were obtained from Johnny’s seed company. Two sets of 200 feet long, 4 row plots were 
planted for each variety, for a total of 4 plots. One set of plots was treated with 10 lb/ac ai Dacthal as 
herbicide on April 22 as previously described for basils. By May 22 substantial crop injury in terms of 
failure to emerge (40 to 50 percent stand reduction, compared to no herbicide plots) was noted in the 
herbicide treated plots and they were abandoned. Harvests for the remaining plots were initiated on July 
12 and continued until September 20 at a cutting height of 6 inches, for a total of 4 harvests. Harvested 
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samples were handled exactly as described for basils. Plots were abandoned after the September 20 
harvest due to severe die-back, especially noted in the ‘Aromata’ plots (60 to 70 % plant death after 
September 20 for ‘Aromata’, compared to approximately 50 % plant death for ‘Common’). After each 
harvest, plots were topdressed with nitrogen from urea at a rate of 30 lbs N/ac.  
Summer Savory Conclusions: The crop damage observed for the Dacthal herbicide-treated plots was 
not as severe as was noted for basil plots, but we judged reduction in stand to be severe enough for us to 
abondon these plots for yield determination. Dactal, at the 10 lbs ai/ac rate, can not be recommended for 
use on summer savory. It should be noted that the rate tried (10 lbs ai/ac) was at the high end of 
recommended rates for onions and other vegetable crops. Summer savory stand establishment was 
variable and yield information on a fresh basis (Table 5) and on a dry basis (Table 6) has been corrected 
to eliminate plant skips in the plots. Harvests were timed relative to plant growth (at least 2 inches 
growth above the cutting floor). ‘Common’ out yielded ‘Aromata’ by at least double on a fresh (Table 5) 
or on an air dry basis (Table 6). It was noted that ‘Common’ produced longer woody stems with less 
dense leaves than ‘Aromata’, perhaps leading to a less intense odor from ‘Common’ versus ‘Aromata’. 
We noted that washing should be accomplished just prior to drying or other use for summer savory, and 
that leaf discoloration caused by washing and after prolonged storage was worse for ‘Aromata’ 
compared to ‘Common’. When storage was required, temperature should be 32 to 38 F and herbs should 
be stored dry under high humidity – under this condition, only minor deterioration was noted after up to 
2 weeks in storage. Summer savory may have good yield potential for Oklahoma production. We are in 
the process of chemical evaluation to assess its value as a new extraction crop. In May 2005 we also 
established plots of winter savory (genus and species is Satureja montana, as opposed to Satureja 
hortensis for summer savory) in a perennial herb block at Bixby. The winter savory is reported to be 
more pungent, and may have potential as a perennial herb crop. We will assess winter survival of this 
crop and commence harvest and evaluations during the 2006 season.  

Table 5. 2005 Cumulative Summer Savory Fresh Yields (lbs per acre) in Bixby, OK 

Harvest # Harvest Date Aromata Common 
1 12-July 2002 2958 
2 2-Aug 2783 5398 
3 30-Aug 6335 15996 
4 20-Sep 9822 24651 

Table 6. 2005 Cumulative Summer Savory Air Dry Yields (lbs per acre) in Bixby, OK 

Harvest # Harvest Date Aromata Common 
1 12-July 312 430 
2 2-Aug 480 845 
3 30-Aug 1043 2439 
4 20-Sep 1848 4057 
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Corn Gluten Meal Application Methods for Organic Weed Control 

and Squash Production 

Charles L. Webber III1, James W. Shrefler2 

Dr. Charles (Chuck) Webber is a Research Agronomist conducting integrated weed control research for 
vegetable production systems.  He works with a range of horticultural and cover crops, tillage and 
planting systems, and organic and synthetic herbicides.  

Introduction 
Corn gluten meal (CGM) has been identified as a potential organic preemergence and preplant-
incorporated herbicide. It is an environmentally friendly material that has demonstrated ability to 
decrease seedling development and plant survival by inhibiting root and shoot development.  
Unfortunately, CGM can also decrease the development and plant survival of direct-seeded vegetable 
crops. As a result, the use of CGM is not recommended in conjunction with direct-seeded vegetables.  
The development of equipment to apply CGM in banded configurations has created an opportunity to 
investigate whether banded CGM applications will provide significant crop safety for direct-seeded 
vegetables. The objective of this research was to determine the impact of banded corn gluten meal 
applications on squash plant survival and yields. 

Materials and Methods 

This factorial field study was conducted during the summer of 2005 on 32-inch (81-cm) wide raised 
beds at Lane, OK with two application configurations (banded and solid), two CGM formulations 
(powdered and granulated), two incorporation treatments (incorporated and non-incorporated), and three 
application rates [5, 10, and 15 lb/100 ft2  (250, 500, and 750 g/m2)].  The two CGM formulations at 
three application rates were uniformly applied in both banded and solid patterns on August 19.  The 
banded application created a 3-inch (7.6-cm) wide CGM-free planting zone in the middle of the raised 
bed. The CGM applications were then either incorporated into the top 1 to 2 inches (2.5 to 5.0 cm) of 
the soil surface with a rolling cultivator or left undisturbed on the soil surface. ‘Lemondrop’ summer 
squash (Cucurbita pepo L.) was then direct-seeded into the center of the raised beds.   

Results and Discussion 

When averaged across the other factors, there was no significant difference between powdered and 
granulated CGM formulations or incorporating and non-incorporating the CGM for either squash plant 
survival or yields (Table 1 and 2). CGM application rates did affect crop squash survival and yields 
when averaged across all other factors (Table 3).  As the CGM application rates increased the plant 
survival and yields decreased.  When averaged across all other factors, the banded application resulted 
in significantly greater crop safety (90% plant survival) and yields (180 cartons/a) than the broadcast 
(solid) applications (45% plant survival and 127 cartons/a) (Table 4).   

Conclusions 

1 Research Agronomist, P.O. Box 159, USDA, ARS, SCARL, Lane, OK 74555, 580-889-7395, cwebber-usda@lane-ag.org 

2 Area Extension Horticulture Specialist, Oklahoma State University, P.O. Box 128,Lane, OK 74555, 580-889-7343, jshrefler-okstate@lane-ag.org 
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The research demonstrated the potential usefulness of CGM in direct-seeded squash production, if used 
in banded application configuration.  Additional research should further investigate the interaction of 
CGM application rates and the width of the CGM-free zone on crop safety for various vegetables.  

Table 1. Effect of CGM formulations on plant survival and squash yields when 
averaged across all other factors. 

CGM 
Formulations Plant Survival Squash Yields 

% Cartons/a 
Powered 64 154 

Granulated 70 154 
LSD (0.05) = NS* NS 

*NS = Values in a column not significantly different based on a Least Significant Difference 
(LSD) test, P=0.05. 

Table 2. Effect of CGM incorporation methods on plant survival and squash yields when 
averaged across all other factors. 

Incorporation 
Methods Plant Survival Squash Yields 

% Cartons/a 
No-Incorp. 67 155 

Incorporation 67 152 
LSD (0.05) = NS* NS 

*NS = Values in a column not significantly different based on a Least Significant Difference 
(LSD) test, P=0.05. 

Table 3. Effect of CGM applications on plant survival and squash yields when 
averaged across all other factors. 

Application 
Rates Plant Survival Squash Yields 

% Cartons/a 
5 lb/100 ft2  84 a* 184 a 

10 lb/100 ft2 62 b 145 b 
15 lb/100 ft2 55 b 133 b 
LSD (0.05) = 8 24 

*Values in a column followed by the same letter are not significantly different based 
on a Least Significant Difference (LSD) test, P=0.05. 

Table 4. Effect of broadcast and banded CGM applications on plant survival and 
squash yields when averaged across all other factors. 

Application 
Methods Plant Survival Squash Yields 

% Cartons/a 
Banded 90 a* 180 a 

Broadcast 45 b 127 b 
LSD (0.05) = 7 20 

*Values in a column followed by the same letter are not significantly different based 
on a Least Significant Difference (LSD) test, P=0.05. 
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Introduction 
Sales of organic food products have been increasing for the last ten years with sales of organic 
vegetables increasing at a twenty percent rate for the last five years.  It is perceived by many consumers 
that organically produced vegetables are more tasty, healthier and safer than conventionally grown 
vegetables.  Because of this strong belief the organic market is expected to continue to expand.  While 
the volume of the organic vegetable market is quite small relative to that of conventionally produced 
vegetables there appears to be opportunities for Oklahoma growers to enter this niche market as a 
possible alternative to conventional production.  Basic information on what is involved in organic 
vegetable production such as required practices, acceptable varieties, costs of production and expected 
returns are in limited availability.  To attempt to answer many of the questions regarding organic 
vegetable production, the scientists at the Lane Agricultural Research and Extension Center have 
dedicated a portion of the experiment station to organic production research.  As of January, 2006 the 
research plots have been “Certified Organic” by the Oklahoma Department of Agriculture and Forestry. 

Land Preparation 
A two acre parcel of land that had been previously planted to Virginia Pines was cleared with the trees 
burned on-site, roots ripped and burned with the ashes spread over the entire plot.  The soil was disked 
and then leveled with a land plane.  The plot was divided into grids using a GPS system and soil samples 
taken from the grids.  Samples were evaluated by the OSU Soils Laboratory with recommendations for 
amendments to bring the soil to optimum productivity levels.  Lime was applied as well as composted 
chicken manure which was disked into the soil.  A cover crop of turnips was planted and irrigated as a 
winter cover crop. 

2004 Crop Year 
In the spring of 2004 a four-crop rotation (sweet corn, southern peas, watermelon, and tomato) was 
begun with each crop planted in one quadrant of a four quadrant grid.  The plan is to rotate the crops in a 
clockwise rotation. Only practices acceptable under the federal certified organic guidelines were being 
used. At the end of the crop year all materials used in the crop production was removed from the plots 
and the entire field disked as a single unit then composted chicken manure was spread and a 
turnip/clover cover crop planted. 

2005 Crop Year 
In the spring of 2005 the same four-crop rotation (sweet corn, southern peas, watermelon, and tomato) 
was planted with each crop moved in a clock-wise rotation from the previous year’s quadrant.  Drip tape 
was used for all four crops with plastic mulch used for the watermelon production. 
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Methods and Materials 
Prices, Yields, Costs, and Income Estimates  Prices used in the evaluation were gleaned from USDA 
Market News Service reports and various state publications.  Currently, organic vegetable prices are not 
consistently reported by the market News Service with the exception of the San Francisco and 
Boston/New York markets.  When prices were available from the Dallas Terminal Market these were 
considered preferred. All cultural practices for each of the four different crops were logged when 
incurred including operation, tools used, amounts of inputs applied, and estimates of labor used.  All 
cultural practices for each crop were maintained separately.  Since the crops were grown on small plots 
it was necessary to extrapolate from the cultural practices, inputs used, expenditures, and yield results of 
these plots to normalize the data to a one acre budget.  These budgets are attached at the end of this 
article. 

Problems Encountered  In both years there was pressure from deer throughout the winter on the cover 
crop and severe pressure from deer on the growing peas and watermelon crops.  As the crops reached 
maturity there was extreme pressure from deer and raccoons and coyotes.  In 2005 the tomato crop had 
to be completely replanted due to complete devastation of the young tomato plants by vegetable weevils.  
It is assumed that this pressure reduced the potential yields of the crops. 

Results  - Manuscripts are being developed for each of the four different crops to detail specific 
findings. This paper uses summarized data to determine the profit potential of each of the four crops. 

Over-winter Cover Crop – It was assumed that the costs of the over-winter cover crop was shared or 
incurred by all four of the crops.  These costs included disk, chisel, lane plane, soil nutrient analyses, 
tilling with a do-all, spreading composted chicken manure, planting the cover crop, cost of seed and cost 
of labor. The cost of the cover crop was calculated at $274.00 per acre.  This cost was applied to all four 
crops in the budgets. 

Post Harvest Clean-Up Costs – It was assumed that the costs of cleaning up the field would be shared by 
all four crops since the rotation was being operated as an integrated system.  These clean-up costs were 
calculated at $100.00 per acre. This cost was applied to all four crops in the budgets. 

Budgets – Complete budgets for the four crops are appended at the end of this article. 

Sweet Corn   In 2005 two levels of corn yields were obtained from two varieties providing estimates of 
the different potential income and cost requirements and therefore the potential to compare the impact of 
a difference in yield on net revenue.  It was assumed that the costs incurred up to harvest ($796.00 per 
acre) were identical for both varieties.  Harvest, grading and packing costs were assumed to be $0.20 per 
dozen ears thus the costs were directly related to the yield.  One variety provided 277 dozen ears per 
acre for a net loss of -$620.83 per acre.  The other variety yielded 1,471 dozen ears for a net return of 
$932.23 per acre. 

Southern Peas  Yields in 2004 of two varieties of southern peas were extremely low with a net loss of 
$81.70 and -$127.90 respectively. Yields in 2005 were much higher with the two varieties tested 
yielding a net return of $411.15 and $1,259.80 per acre respectively. 

Watermelon Yields of the high and low yielding watermelon varieties in 2005 provided a range of net 
revenues of between $274.23 and -$508.55. 
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Tomatoes There were 18 varieties in the tomato trial in 2005.  All tomatoes were transplanted with 
greenhouse costs estimated at $0.12 per plant.  Within the 18 varieties the yields ranged from 29,800 lbs 
per acre to 3,200 lbs per acre with an average of 17,500 lbs per acre.  Pre harvest costs were estimated at 
$4,143.53 per acre. Harvest, grade and pack costs were directly related to yields and ranged from 
$1,490 per acre for the high yielding variety to $160 per acre for the low yielding variety.  Estimating 
selling prices was extremely difficult due to the weather related damage to the majority of the U.S. 
tomato crop in 2005.  A historical price of $0.24 per lb was used as an expected price in normal times.  
The estimates of net return possible ranged from $1,144.47 for the high yielding variety to a loss of 
$3,909.53 for the low yielding variety. 

Conclusions 

Costs of production for organic vegetables are equal to or higher than conventionally grown vegetables. 

Estimating expected selling prices for an upcoming year has to be determined utilizing historical prices 
that are limited in the Dallas market area.  Organic prices tend to follow the same trend as conventional 
prices related to supply and demand at different seasons. 

Yields of organic vegetables are extremely variable due to the wide selection of varieties.  This provides 
opportunities for increased income as well as the potential for extremely large losses. 

A prudent step for an organic grower would be to utilize university variety test information from several 
states, select the top varieties, and then plant a small test plot of several of the better yielding varieties to 
evaluate their production potential at that specific location. 
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Soil Inoculants and Yield of Bell Pepper and Navy Bean After 

Peanut 


Vincent M. Russo 
U.S.D.A., A.R.S., South Central Agricultural Research Laboratory, POB 159, 911 Hwy. 3W, Lane, 


Okla. 74525 

email: mvrusso-usda@lane-ag.org


Amendment of soil with microorganisms during the growth cycle of one crop may affect development 
of succeeding crops. Vesicular-arbuscular mycorrhizae (VAM), beneficial fungi, colonize roots of 
vascular plants, and benefit plant development through mediation of rhizosphere conditions, improved 
nutrient uptake, and protection from pathogenic organisms.  Some rhizosphere bacteria, i. e., Rhizobium 
sp., used in agriculture benefit plant development, reduce foliar and root disease severity, and improve 
vigor of seedlings of pepper, tomato, strawberry, and several cucurbits. Soil bacteria may interact 
synergistically with mycorrhizal fungi; increase root colonization by both, and increase nutrient content 
in plants. The long-term benefit to single application use of inoculants, in regards to plant development 
requires clarification. This project was undertaken to determine if biotic amendments (VAM; Rhizobium 
sp.) affected development of peanut and vegetable plants that followed peanut in following years.   

The soil, a Bernow fine-loamy, siliceous thermic Glossic Paleudalf at Lane, Okla., was prepared by 
disking. A combined, synthetic, N-P-K fertilizer was added, and incorporated, to the soil according to 
recommendations.  Peanuts were seeded at the rate of 60 lb/acre using a Monosem vacuum seeder on 
beds spaced on 3 ft centers. Replicated treatments were: 1) VAM dispensed in the furrow in advance of 
the seed at the rate of 0.1 oz/linear foot, from fertilizer hoppers on the machine; 2) seed coated with the 
Rhizobium sp. prior to sowing; 3) VAM and Rhizobium sp. applied as in 1) and 2); and 4) controls 
consisting of no biological amendments.  Peanut pod yields were determined and pods graded. 
Following harvest a cover crop of wheat was sown uniformly over the field. 

In following years bell pepper and navy bean were established in plots that contained peanuts in the first 
year, and which had been amended as previously described, or with no amendment.  Row spacing was 
as for peanuts. Fertilizer for bell pepper, and navy bean, was applied according to recommendations. 
Six-week old greenhouse grown seedlings of bell pepper were established in the field using a 
mechanical transplanter in one-half of the linear length of plots.  In-row spacing for bell pepper was 1.5 
ft. Navy beans were planted with a vacuum seeder in the other half of the length of the plot, with in-row 
spacing of 2 in. Bell peppers were harvested three times over 14 days.  Numbers and weight of green 
marketable (US#1 at minimum), and cull, fruit were determined using USDA grading standards.  Navy 
beans were harvested once with a combine when about 80% of leaves had dropped.  For yield estimation 
seed were collected in burlap bags and dried to about 15% moisture by passing air over them.  A cover 
crop of wheat was sown uniformly over the field.  The same procedures were followed in 2005.  The 
data were subjected to appropriate statistical analysis. 
Inocula type did not affect peanut yield, avg. 1.2 T/Acre, or pod rating, avg. 68 (Fig. 1A,B). Bell pepper 
marketable yields were not affected by treatment (Fig. 1C) and averaged 4.3 T/Acre. Navy bean 
marketable yields were not affected by treatment (Fig. 1D) and averaged 0.24 T/Acre.  Navy bean yield 
was below what is expected in the United States and in other navy bean producing countries. Other 
methods must be included in a production system if bean yields are to be brought to acceptable levels. 
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There are reasons that the biotic amendments did not provide a benefit to vegetables.  Populations of 
biotic organisms, which may be present in soil, can fluctuate from year to year due to environmental 
conditions. These particular biotic amendments may not have been sufficiently species diverse to 
inoculate the plants. At harvest examination of the peanut indicated the presence of nodules indicating 
colonization of roots by a Rhizobium sp. It is not clear if the colonization was due to the bacteria used to 
inoculate the soil. In following years bean roots also exhibited nodules, even those in soil that did not 
receive treatment.  No nodules were found on bell pepper, but bell pepper does not form this type of 
associations with Rhizobium bacteria. Roots of the plants were not tested for presence of VAM.  Even if 
this test was conducted there was no way to determine if fungi associated with roots were those provided 
by inoculation. It may be that either, or both, types of microorganisms were present in sufficient 
diversity, or population, in the soil so that additional populations of these organisms did not provide 
additional benefits. It may also be that conditions of growth at Lane may not have been conducive to the 
biological requirements of the biotic amendments.  The experiments were designed to determine the 
efficacy of the materials for use in vegetable production.  There was no particular benefit to the use of 
inocula to production of any of the crops. The reasons for this are not clear and further research is 
required. 

FIGURE 1. Yield (A) and pod rating of peanut (B) and yield of bell pepper (C) and navy bean (D) from 
soil treated with no biotic amendment, VAM, Rhizobium or both. Values averaged over years.  In each 
graph there were no significant differences between treatments. 
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Beet Variety Trial 
Spring 2005, Caddo County, Oklahoma 

L. K. Wells, L. Brandenberger, M. Schantz 

Materials and Methods: During the spring of 2005 a beet variety trial was conducted to determine the 
potential of 6 different beet cultivars for commercial production in Oklahoma.  The trial was direct 
seeded on 3/23/05 using a research cone-planter with rows 18 inches apart at a seeding rate of 
approximately 15 seeds per foot.  Each plot consisted of 2 rows 20 feet long, plots were replicated 4 
times in a randomized block design.  Plots were fertilized with a total of 87 lbs of N, 52 lbs of P, 180 lbs 
of K, and 60 lbs of S per acre spread over three applications.  Yield and quality data (amount of interior 
root zoning) were recorded at harvest from one meter of row per plot on 6/21/05.   

Results and Discussion: No differences were observed for yield of table beets in this trial (Table 1).  
Yields were 13.7, 13.9, 16.5, 14.0, 17.2, and 15.7 tons/acre for Cylindra Long Red, Detroit Dark Red, 
Early Wonder, Red Ace, Ruby Queen, and Warrior, respectively.  Average root weight ranged from a 
low of 1.1 oz for Cylindra Long Red to 1.7oz for Ruby Queen, respectively. Red Ace, Ruby Queen and 
Warrior had significantly lower amounts of interior root zoning than Early Wonder.  These three 
cultivars had interior root zoning ratings of 1.1, 2.1, and 1.9, respectively. 

Conclusions:  The main objective of this trial was to determine the potential that table beet cultivars 
would have for production in Oklahoma.  A secondary objective was to demonstrate if table beets would 
be a viable crop for the state.  The authors feel that both objectives were met, and that table beets can be 
produced in Oklahoma for use by the food processing industry.  Of the cultivars tested, Red Ace appears 
to have the highest quality root with low levels of zoning.  Based upon the results of this trial the authors 
would recommend further testing of Red Ace, Ruby Queen, and Warrior cultivars. 

Acknowledgements:  The authors want to thank the Schantz family for their cooperation and support in 
completing this study. 

Table 1. Spring Beet Variety Trial. Caddo County, Oklahoma. 
Yield Average size root 

Variety Seed company tons/acrez (oz.) Zoningy 

Cylindra Long Red Chesmore 13.7 ax 1.1 a 2.4 ab 
Detroit Dark Red Willhite 13.9 a 1.6 a 2.4 ab 
Early Wonder Dewitt 16.5 a 1.5 a 3.6 a 
Red Ace Dewitt 14.0 a 1.2 a 1.1 b 
Ruby Queen Dewitt 17.2 a 1.7 a 2.1 b 
Warrior Chesmore 15.7 a 1.2 a 1.9 b 
z Yield=tons per acre, harvested on June 21, 2005. 

y Zoning=scale 1-5, 5 being most evident differences in color between the xylem and phloem of the root (largest differences 

in color), 1=small or no differences. 

x Numbers in a column followed by the same letter exhibited no significant differences based on Duncan’s Multiple Range

Test where P=0.05. 
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POST Use of Sandea, Basagran, and Raptor on Drybean 
Spring 2005, Bixby, Oklahoma 

L. K. Wells, L. Brandenberger, R. Havener, A. Brothers 

Materials and Methods: A study was conducted during the summer of 2005 to determine crop safety 
and effectiveness of three postemergence herbicides when utilized for weed control in drybean crops.  
Drybeans (Pinto III) were direct seeded on 5/24/05 in rows 3 feet apart using a research cone planter in 
soil that had Dual 8E (metolachlor) applied on 5/04/05 at 2lbs ai/acre.  Each plot had 2 rows 20 feet 
long. The study was arranged in a randomized block design with four replications and included seven 
herbicide treatments (Table 1) including single rates of Sandea (halosulfuron), Basagran (bentazon), 
Raptor (imazamox), 4 combinations of Sandea with Basagran and an untreated check.  Treatments were 
applied on 6/20/05 when beans were in the 2 to 3 trifoliate leaf stage of growth.  Applications were 
made with a 6 foot wide hand-held spray boom using an overall application rate of 30 gpa.  All herbicide 
treatments included a non-ionic surfactant at 0.25% v/v.  Plots were rated for crop damage and weed 
control on 7/14/05. Plots were harvested on 10/13/05 by hand removal of plants from both plot rows 
and threshing with a stationery threshing machine (Kincaid Manufacturing Haven, KS). 

Results and Discussion: Crop injury was relatively low for all herbicide treatments, although all 
treatments had significantly more damage than the untreated check (Table 1).  Injury ranged from 5 to 
11% and was observed primarily as plant stunting when compared to the untreated check.  Sandea at 
0.032 lbs ai and Raptor at 0.03 lbs ai recorded 11% damage, while Sandea at 0.032 combined with 
Basagran at 0.25 lbs ai recorded 5% damage.  This was the lowest level of damage observed in the 
study. No control of carpetweed (Mollugo verticillata L.) was observed (Table 1).  The highest level of 
control for Palmer amaranth (Amaranthus palmeri S. Wats.) was 34% for the Raptor treatment.  Sandea 
at 0.032 combined with Basagran at 0.75 lbs ai had 13% control of Palmer amaranth.  Only Sandea at 
0.032 combined with Basagran at 0.75 lbs ai provided any significant control of lambsquarter 
(Chenopodium album L.).  It had 43% control of this weed species while all other treatments and the 
untreated check ranged from 0 to 8% control.  No differences were observed for yield in the study 
(Table 1). 

Conclusions: Based upon the results it appears that all herbicide treatments in the study were relatively 
safe for use on drybeans. It did appear that when Basagran was combined with Sandea that there was a 
safening effect, but further study would be needed to determine if this effect is indeed real.  None of the 
treatments were successful in controlling carpetweed.  Control of both Palmer amaranth and 
lambsquarter were not high, but Raptor provided the highest level of control for amaranth and Sandea 
combined with Basagran at 0.75 lbs ai gave the highest level of control for lambsquarter.  Although 
yields were not different the entire study was cultivated and hand weeded to allow the study to be taken 
to yield. Yields were lower than expected, but this may be due to the cultivar that was used not being 
well adapted to the test site. 
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Table 1.  Spring 2005 Drybean weed control, Bixby, Oklahoma.  Percent injury and percent weed control. 
Ratings on 7/14/05 

z Percent weed control=percentage of weeds controlled compared to the untreated check.  Ratings were made for 

Percent weed controlz Yield y 

Treatment lbs ai/ac 
Untreated check 

Percent Injury 
0 cx

Palmer amaranth 
 0 c 

Lambsquarter 
0 b 

lbs./acre 
470 a 

Sandea .032 + Basagran .125 6 ab 9 b 5 b 343 a 
Sandea .032 + Basagran .25 5 b 8 b 6 b 409 a 
Sandea .032 + Basagran .5 6 ab 11 b 8 b 331 a 
Sandea .032 + Basagran .75 9 ab 13 b 43 a 447 a 
Sandea .032 11 a 10 b 3 b 455 a 
Basagran .75 6 ab 5 b n/a 364 a 
Raptor .03 11 a 34 a 0 b 330 a 

Palmer amaranth, lambsquarter, and carpetweed although carpetweed ratings are not included in the table as 

they were all zero. 

y Yield=shelled dry beans in lbs per acre. 

x Numbers in a column followed by the same letter exhibited no significant differences based on Duncan’s Multiple 

Range Test where P=0.05. 
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Season Extension & Crop Protection Technology: A Brief History 


Steve Upson 

The Noble Foundation 


P.O. Box 2180 

Ardmore OK  73402 


(580) 223-5810 

sdupson@noble.org


Steve Upson, a native of Tulsa, Oklahoma, received a bachelor’s degree in horticulture from Oklahoma 
State University and a master’s degree in horticulture from Kansas State University.  Past employment 
includes serving as a county and district horticulture agent with the Oklahoma Cooperative Extension 
Service and as manager of a commercial market garden operation east of Kansas City, Missouri. For the 
past 17 years, Steve has lived in Ardmore, Oklahoma where he is employed as a horticulture consultant 
with the Noble Foundation. Steve’s current area of specialization involves researching and 
demonstrating the benefits of modified environment ‘hoop house’ high value crop production. 

Since World War II, no technology has enabled the extension of the growing season and diminished 
weather related risks more than plasticulture. 

Plasticulture is defined as the use of plastic film and related materials to modify the growing 
environment in producing high quality, high yielding horticulture crops. Some of the more commonly 
used plasticulture components include mulch film, greenhouse film, row covers, wind breaks, grow bags 
and containers, drip tubing and accessories, animal and insect screens, hail screens, and cordage.  

Plasticulture is a type of production system. In this system, plastic components work together to enable 
the production of horticulture crops. Some specific advantages of plasticulture include season extension, 
water conservation, reduction in nutrient leaching, weed control, protection against wind, rain, and hail, 
protection against disease, insect, and vertebrate pests and cleaner crops. 

An example of a plasticulture system is the use of plastic mulch film coupled with drip irrigation. The 
mulch film controls weeds and conserves soil moisture. The drip irrigation is a mandatory component of 
this system because the mulch is impervious to rainfall or overhead irrigation. 

Plasticulture is also a management philosophy. As a philosophy, plasticulture enables the most efficient 
management of inputs. Using the mulch film and drip irrigation example, the mulch film enables 
efficient management of water and fertilizer inputs by eliminating surface evaporation of applied water 
and leaching of nutrients caused by rainfall.  

Plasticulture systems are always synergistic. The resulting yield and crop quality is always superior 
when components are used together as opposed to being used separately. 

The degree of modification to the growing environment and synergism achieved is correlated to the 
number of components used in the growing system. For example, the degree of modification achieved is 
lowest when limiting components to mulch film and drip, intermediate for mulch film and drip coupled 
with row covers, and highest when a high tunnel is used in combination with mulch film, drip, and row 
covers. 
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Plasticulture has a long and storied history. Polyethylene, the plastic used in most plasticulture 
applications, was accidentally discovered in 1933 during a botched experiment. Because of its unique 
characteristics, it played an important role during World War II as a coating for underwater cables and 
insulation on Allied radar systems. 

Polyethylene film was developed in 1938. The quality of the first films was very poor. Film varied in 
thickness, tore easily and decomposed readily when exposed to sunlight. 

The use of polyethylene film in crop production didn’t occur until after WWII. During the 1950’s, Dr. 
Emery Emmert, professor of horticulture at the University of Kentucky, demonstrated the use of 
polyethylene film as an alternative greenhouse glazing. The first solar heated greenhouse clad with 
plastic film was constructed in 1953 at the Kentucky Agriculture Experiment Station. In 1957, Dr. 
Emmert demonstrated the use of row covers and soil mulches made from plastic film. Because of his 
pioneering work with plastics in crop production, Dr. Emmert is known today as the Father of American 
Plasticulture. 

As the cornerstone of any plasticulture system, more research has been conducted on plastic mulches 
than any other single component. During the 1950’s and 60’s, plastic mulch research focused on the 
response of crops to increased soil temperatures generated using black, clear and white mulch films. In 
1977, silver reflective mulch film was documented effective in reducing insect vectored virus diseases. 

In 1986, Clemson University scientists in cooperation with the U.S.D.A. conducted studies on the 
response of vegetable crops to various colored mulch films. Findings from these studies and more recent 
research suggest that tomato plants respond favorably to light reflected from red mulch, peppers and 
melons prefer green colored mulches while squash and eggplant respond favorably to blue colored films. 

Crop response to colored mulch film has proven to be inconsistent varying greatly depending on 
location. In the U.S., positive responses are more likely to occur in the northern states where early 
season light intensity and air temperature is lower compared to the South. No benefit has been observed 
from the use of red, green or blue colored mulch films in Florida. 

Photodegradable mulch films were introduced in the 1970’s and increased in use during the 80’s. 
However, due to a lack of breakdown predictability, usage declined during the 1990’s. 

In 1976, scientists in Israel documented the effectiveness of clear mulch film in controlling soil borne 
pathogens, weeds and nematodes. Today, solarization remains a viable alternative to chemical soil 
treatments especially in small scale specialty crop operations.   

In 1989, scientists at the University of New Hampshire in cooperation with industry developed and 
tested infra-red transparent (IRT) mulch film. IRT film is more effective in soil heating compared to 
black film because it is transparent to infra-red (heat wave) radiation. 

Future developments in mulch film technology include biodegradable films that can be plowed under at 
seasons end, biodegradable plastic sprayable mulches, and crop, site, and season specific colored 
mulches. 
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The first commercial drip irrigation tape made of plastic was manufactured in 1964 by Chapin 
Watermatics in Watertown, N.Y. It consisted of a strip of black polyethylene film folded and sewn to 
form a hose. Called ‘Dew Hose’, the tape dripped from the outlets made by the stitch. This tape 
demonstrated for the first time the many advantages of combining drip irrigation and mulch film. 

While effective, ‘Dew Hose’ was not hydraulically suited for long rows. An important advance in trip 
tape design occurred with the introduction of ‘Twin-Wall’ and ‘Bi-Wall’ brand drip tapes in 1970. These 
double walled tapes insured uniform flow rates when used on rows up to 600 feet in length. 

Emitter clogging was a major problem common to all early drip tapes. In 1990, turbulent flow emitters 
were incorporated into drip tapes which dramatically decreased the incidence of clogging. All present 
day drip tapes and tubing are equipped with a form of turbulent flow emitter technology.   

Future developments in drip tape technology include decomposable drip tape that can be incorporated 
into the soil, fertilizer and chemical impregnated tape, and emitters capable of measuring soil moisture 
and responding to a deficit by applying the needed amount of water.  

Prior to WWII, wax covered hot caps were used to protect individual plants from freezing weather. 
During the 1950’s, at the Kentucky Agriculture Experiment station, Dr. Emmert demonstrated the use of 
row covers made from clear plastic sheeting.  By 1972, row covers were being used on a commercial 
scale in San Diego, CA to produce vegetable crops.  The row covers consisted of two, 3 foot wide pieces 
of perforated polyethylene film supported by metal wire hoops.  One edge of each piece of film was 
buried in the soil at the side of the bed and the other edge fastened to the top of the hoops using clothes 
pins. 

During the 1980’s, growers seeking a solution to the high labor requirements of manually ventilating the 
row covers, switched to using self ventilating single piece porous covers.  

Spunbonded ‘floating’ row covers became the material of choice by growers during the 90’s. Floating 
covers eliminate the need for support hoops and can be applied to multiple rows at a time. While single 
row covers remain in use today, floating covers command a greater market share because they offer the 
grower greater application efficiency. 

Dr. Emmert’s first greenhouses were wood framed structures. Because these structures were unheated, 
they can be considered the forerunner of today’s cold frames and high tunnels. 

It wasn’t until the 1960’s that curved steel tubing replaced wood as the material of choice for 
greenhouse framing. During this time, Quonset shaped unheated structures were used primarily to 
protect container grown landscape plant materials. Today, these structures are referred to as cold frames 
or over-wintering houses in the nursery business.  

During the 1980’s, market gardeners discovered the growth enhancing benefits of growing in cold 
frames. Vegetable, herb, flower and fruit growers refer to these walk-in structures as hoop houses or 
high tunnels to differentiate them from climate controlled greenhouses or cold frames. 

Today, the single bay permanently anchored Quonset style house continues to be the structure of choice 
by the majority of market and hobby gardeners. A few enterprising growers have devised movable 
structures in order to achieve more efficient use of garden space. 
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In response to grower request for a field scale, tractor accessible high tunnel, several manufactures 
introduced multi-span movable structures during the 1990’s. These structures are better suited for the 
production of perennial crops such as tree and small fruit. While these multi-span structures have a 
lower construction cost compared to permanent structures, they have proven susceptible to wind 
damage. 

Future developments in high tunnel technology include structures that are stronger, lighter weight, and 
easier to assemble/disassemble. Look for structures that have improved ventilation capability. Also, look 
for greenhouse film that has longer life, is capable of converting photosynthetically inactive radiation 
into photosynthetically active radiation (PAR), and film that is more efficient in reducing night time heat 
loss. 

Currently, there are several challenges to the sustainability of plasticulture. While the advantages of 
plasticulture are quite evident, the profitability of the various plasticulture production systems have not 
been fully researched. Many plasticulture crop budgets do not exist. Much work needs to be done on a 
regional basis to develop real world budgets especially in the area of high tunnel crop production.  

As the use of plastic in agriculture increases, disposal of waste plastic will become an even bigger issue. 
Currently, waste plastic is incinerated, buried or recycled. Alternative uses for waste plastic will need to 
be developed if plasticulture is to remain viable into the future. 

Polyethylene is manufactured from natural gas. The recent explosion in gas prices has resulted in an 
unprecedented increase in the cost of plastic film. Growers will need to be even more efficient and 
judicious in the use of plastic if they hope to remain competitive into the future. 

Despite these challenges, I believe the future belongs to plasticulture! 

For a more in-depth history of plasticulture, visit the American Society for Plasticulture website at 
www.plasticulture.org. 
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Applications and Pitfalls of a Plasticulture System 
L. Brandenberger & W. Roberts 


Oklahoma State University 


As with any system, having it work properly is really in the details.  Our first concern is deciding what 
types of equipment are required for the proper application of plastic mulch and drip irrigation.  Of 
primary concern is having soil in a clod-free condition similar to what you would need for seeding.  
Large clods are a serious problem when applying plastic mulch, first because of the potential for tearing 
holes in the plastic, second because large clods will prevent good soil to plastic contact thus reducing 
heat-gain into the soil during the early spring.  A rototiller-rotovator is important for soil prep, 
particularly if your soil has a tendency to be cloddy.  Another important piece of equipment is a mulch
bedder-layer. A good machine will form a uniform bed, open furrows on both sides of the bed to tuck 
the plastic into and then will unroll the plastic, stretch it and cover the edges of the plastic with soil.  
Proper adjustment of the bedder-layer is important to provide a good stretch on the plastic and to cover 
the edges adequately. If this isn’t done, disaster i.e. the mulch blowing loose can be a very costly and 
time consuming problem.  Mulch applicators can also be purchased that will apply soil fumigants and 
drip tape for irrigation.  Last, both transplanters and seeding equipment can be purchased to plant 
through plastic covered soil. 

Applying plastic mulch correctly is essential to allow the producer to maximize the advantages of using 
mulch and to ensure that the plastic remains in the field and isn’t lost to the wind.  The following check 
list is a great place to start for proper mulch application: 

• Clean field without crop or weed debris 
• Clod free soil 
• Well pulverized (raised or flat) seed beds 
• Good plastic to soil contact 
• Warm soil / air temperature (> 75 0F) 
• Tight stretch of plastic across beds 
• Good soil mulch anchor on ends & sides 

Just remember that a poor job done applying mulch can cost you a lot of money and will negate many of 
the advantages that you are working toward. The following are some of the problems that can occur: 

• Edge of mulch can become loose due to a poor job of covering the edges  
• Mulch can billow-up in warm temps due to applying it in temps <75oF 
• Just do your homework: 
• Good soil prep 
• Watch temps at application 
• Adjust the mulch layer properly 

Plastic mulches come in a variety of types, many of their advantages have been mentioned by Dr. 
Warren in the previous discussion. Suffice it to say that there are many types of plastic mulch and 
different types are utilized in the field for different reasons.  Here are some types and the potential 
reasons for using them. 
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• Clear, Black, & IRT for heating 
• White, Silver for cooling 
• Red, blue, yellow, gray, orange etc. have distinct optical characteristics 
• Silver Mulches are often used as an insect deterrent 

So, what are some of the problems or pitfalls of using plasticulture for producing high value crops?  To 
begin with, when row tunnels are used to protect the crop from cold you need to recognize that it will be 
difficult or nearly impossible for pollinating insects to do their job if the row cover isn’t removed in a 
timely fashion.  Bees and other pollinators will have a difficult time pollinating if the cover is on, so be 
certain to make provisions to remove it prior to the time that these insects will be needed for fruit set.  
Another problem that can occur from row covers is in the application of pesticide sprays to the crop.  
The cover will make it nearly impossible to obtain good coverage of the crop with an insecticide or 
fungicide. 

Plastic mulch is a great asset in controlling many broadleaf and grass weeds in a production system, but 
plastic mulch will not control nutsedge.  In fact it can complicate nutsedge control because weeding 
nutsedge from plastic covered soil must be done by hand-pulling weeds from the mulch.  Not much fun 
and it costs a lot of money.  If you know that nutsedge is a problem in the field that you are considering 
using mulch on, be certain to either control the nutsedge prior to applying the mulch or better yet if 
possible, select a different field for mulch use.   

Cucurbits in particular those that have a vining growth habit can have some unique problems when 
grown on plastic covered soil. Due to the lack of soil around the vine, the plant will have a difficult time 
anchoring itself prior to growing past the mulch and onto bare soil.  This makes the vine susceptible to 
the “Wiper Effect” where the vine moves back and forth across the surface of the plastic.  This damages 
the conductive tissues of the vine and can even result in the vine breaking off at the crown.  Not 
something the producer wants to happen.  If you produce in a windy area, be sure to provide some type 
of windbreak to prevent this from occurring. 

Drip irrigation tape does a great job of applying water directly to the soil surface near the plant’s root 
system.  Unfortunately drip tape can leak so be aware of this and take steps to prevent or correct this 
problem.  Drip tape can leak due to loose connections, cuts to the tape during installation and planting, 
bird and insect damage and even occasional chewing by thirsty coyotes. 

One issue that many don’t consider is the removal and disposal of plastic mulch and drip tape after the 
production season. Several years ago the industry attempted to solve this situation through the 
development of photo-degradable mulches, but due to variation in production locations and 
environments, this never worked very well.  After researching the problem, we recommend approaching 
the problem from a different direction, that of using mulches that maintain their integrity and are more 
easily removed from the field.  Think of it this way, would you rather remove 1000 pieces or 50,000 
pieces of used plastic from your field?  Humm……, tough question.  The other related issue is disposing 
of the mulch after it has been removed from the field.  Be certain that you determine what local 
regulations are regarding disposal and follow them.  Some suppliers of plastic may help you in disposal 
i.e. bailing, recycling, harvesting energy from it for an electrical generator, etc.  Just be sure to look into 
your options. Here are a few points to remember: 
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• Removal after season 
• Clean field & remove ASAP 
• Time required varies 
• Due to mulch integrity 
• Cost can vary from 50 to 150 dollars/acre 
• Disposal 
• Look into local regulations 
• Recycling? 
• Lots of soil & crop debris 
• Some plastic Co’s may help 
• Landfill? 

Costs for plastic mulch are obvious, right?  Not necessarily so.  The obvious are the costs associated 
with purchasing the mulch, applying it, irrigation equipment, application equipment etc., but wait, 
there’s more.  Don’t forget the cost of removal and disposal.  These are real costs in time and labor and 
must be considered. Last, but certainly not least are the increased costs of managing a plasticulture 
production system.  If you’ve never produced crops using plasticulture realize this:  The learning curve 
is steep, expensive and must be mastered if you hope to realize a good return for the added cost of using 
plastic. Your time, your money, your efforts must increase if you are to see the advantages materialize 
that you are hoping for. My advice is to realize this and start small so the lessons that you learn on a 
small scale can be applied to your operation on a larger scale. 

In summary Plasticulture can: 
• Extend seasons for high value crops 
• Modify crop environments 
• Conserve water 
• Potentially generate more income 
• Cost a lot 
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Basic Components of a Plasticulture Growing System & Their Use 

Warren Roberts & Lynn Brandenberger 


Oklahoma State University 


Plasticulture can be defined as the use of plastic in agriculture.  Normally, plasticulture includes plastic 
soil mulches of various colors, drip irrigation, transparent row covers, and plastic greenhouse covers. 
Plastic can also be used to cover structures that are larger than single row covers, but smaller than most 
greenhouses. These structures are normally not heated, and are often referred to as tunnels, high tunnels, 
or hoop houses. 

The purpose of plasticulture is to modify the environment in which plants are being grown.  This can 
include growing plants out of season, or it can include extending the growing season, both earlier and 
later than normal.  In many years, a small amount of protection during the late spring or early fall can 
extend the growing season by as much as two months. 

Plasticulture has been used for over fifty years. One of the first recorded uses of plastic in agriculture 
was in Kentucky, about 1948. At that time, plastic film was used to cover a greenhouse.  Since then, the 
use of plasticulture has grown considerably. Plastic is now used around the world, and is found 
extensively throughout Europe, Asia, and North America.  Over 20 billion square feet of surface area are 
now covered by plastic greenhouses or tunnels, with most of the covered area being in China, Japan, and 
Korea. Only 2% of the total greenhouse area covered by plastic is in the United States. 

While the first use of plasticulture was for greenhouse coverings, the development of plastic mulch was 
not far behind. Black plastic mulches were used in the late 1950’s, about ten years after the use of 
transparent greenhouse covers. Application of plastic mulches began to be mechanized in the 1960’s, 
and rapid growth in the industry occurred in the 1970’s.  Most materials used as mulches are a derivative 
of polyethylene, although some materials are based on poly-vinyl chloride (PVC). Transparent row 
covers, which are allowed to either float loosely on top of the crop plant, or are suspended above the 
plant on rigid structures, also started to appear in the late 1950’s.  Both plastic mulches and row covers 
are now widely used throughout the world. 

With all types of plasticulture, the primary objective of using plastic materials in agriculture is to modify 
the weather within the immediate vicinity of the plants that are being grown.  This may be at the soil 
surface, a few inches above the soil surface, or several feet from the soil surface.  While it may be 
difficult to control the weather on a large scale, the use of plastics makes it possible to modify it on a 
local scale, surrounding and close to the plant.  Plasticulture may be used to modify weather extremes, 
such as frost, freezes, hail, and wind, or it may also be used to slightly raise or lower the temperature or 
moisture levels at or near the plant.  Weather extremes may be modified by plastic mulches, overhead 
covers, and/or drip irrigation systems. 

One of the major uses of plasticulture is to modify air and soil temperatures.  Air temperature may be 
modified by the use of plastic mulches (which absorb and/or reflect sunlight), row covers (floating and 
supported), and framed structures (hoop houses and greenhouses).  Hoop houses, which are essentially 
un-heated greenhouses, offer the grower a chance to grow plants earlier in the spring, or later in the fall, 
than they could be grown without protection.  Hoop houses also protect from hail, frost, and wind.   
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Plasticulture can also be used to modify soil temperatures.  Plastic mulches are normally used to raise 
soil temperatures, but they can also lower temperatures.  Clear plastic mulch will almost always raise the 
soil temperature.  However, a major problem with clear mulch is that weeds grow vigorously, and are 
difficult to control, underneath the plastic.  The enhanced temperatures and sunlight under the plastic in 
the spring may lead to vigorous weed growth that competes with the crop plants for nutrients and 
moisture. For these reasons, the use of clear plastic mulch as a direct soil cover has been limited.   

Black plastic mulch will stabilize the soil temperature, and will reduce temperature fluctuations.  Soil 
temperatures in the top one or two inches beneath black plastic may be lower than temperatures in un
covered soil on a hot sunny day, but at night, the soil covered by black plastic will retain its heat, and 
will not cool as much as an un-covered soil.  Thus, the temperature extremes are reduced.  The average 
soil temperature under black plastic is normally higher than the average un-covered soil temperature. 

Black plastic mulch does not allow transmission of sunlight, and thus there is normally not a problem 
with weed growth underneath the plastic. While there can be weed problems between the strips of 
plastic and near the crop plant in slits in the plastic, there are few weeds that can grow through the 
plastic mulch.  Nutsedge is one exception, and can grow through most types of plastic. 

IRT (infra-red transmitting) mulches are designed to allow heat to pass through the mulch, but at the 
same time to block transmission of the visible portion of sunlight.  This IRT material was designed to 
utilize the rapid temperature gains of black plastic, while blocking some of the visible light transmission 
that leads to weed growth. While some weed growth can occur under IRT plastic, there are normally 
less weed problems under IRT than under clear plastic, and the soil is warmer under IRT than under 
black plastic. 

There is rarely a reason for wishing to increase soil temperature in the summer.  During summer, a 
grower may use plastic to conserve soil moisture or to control weed growth.  In these circumstances, 
white or reflective (silver) mulches may be used.  These mulches reflect the heat from the sunlight away 
from the soil, and lessen the extent to which the soil near the crop plant’s roots overheats.   

Plasticulture can also be use to modify soil and plant moisture.  Plastic mulches reduce water loss from 
evaporation and reduce weed competition for water.  Depending on the shape and configuration of the 
mulched area, the plastic can be used to either shed excess water away from the plant, or to channel the 
rainfall toward the plant. 

Drip irrigation is another example of plasticulture being used to modify soil moisture.  Over one million 
acres are now being irrigated with drip irrigation.  Drip irrigation places water directly where it is 
needed, at the plant root, rather than spreading it over the entire surface of the field.  Not only does this 
direct application of water to the crop plant root lead to more efficient utilization of water, it also 
reduces weed growth that may occur a few feet away from the crop plant.  Drip irrigation lines can be 
placed on top of the soil, where the water is allowed to seep into the soil, or the drip lines themselves 
may be buried a few inches beneath the surface of the soil.  In some cases, buried drip lines have been 
used for several years. However, insect damage, rodent damage, and tractor damage may prevent drip 
irrigation, buried or surface applied, from being useful for longer than one year. 

Plasticulture can also be used to modify the effects of wind on crop plants.  Oklahoma suffers from 
excess winds every year, and plastic barriers around a field, or plastic strips placed periodically 
throughout a field, can lessen damage from wind.  These strips can be particularly beneficial to young, 
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tender plants that have just been planted. The plastic strips may be solid, which essentially stops wind 
movement through the plastic, or they may be perforated, which slows wind movement without stopping 
it. 

Plasticulture may be used for short periods of time to lessen the chance of severe weather extremes, such 
as frost, freeze, or hail. Young plants in the spring often benefit from this type of protection.  Cold 
sensitive plants such as strawberries, tomatoes, and watermelons can be covered with either non-
permeable clear plastic, with ventilated clear plastic, or with permeable spun-bonded polyethylene, to 
protect from late spring freezes.  If clear plastic is used over the top of the plants, it will need to be either 
ventilated or removed as soon as the temperature increases.  Otherwise, excess heat will accumulate 
underneath the plastic which will damage the crop plants.  Spun-bonded polyethylene does not trap as 
much heat as does clear plastic, and it may be left on the crop plants for longer periods of time. 

Plasticulture can also be used as a pest management technique.  Plastic netting can be used to deter or 
block birds, rodents, and some insects from reaching crop plants.  Plastic mulches, particularly the 
reflective types, may be used to deter insects.  Row covers can also be used to exclude insects, birds, and 
rodents from the plants. 

Plastic mulches can be used to modify disease pests.  Plastic mulches reduce soil splash onto the plants, 
which reduces the incidence of foliar disease. Also, fruit lying on the plastic mulch are normally cleaner 
and drier than fruit that are in contact with the soil, and are less likely to suffer from surface pathogens.  
Plastic mulches can also be used as fumigation covers, or as solarization covers, which will reduce the 
incidence of insects, diseases, and weeds in the soil.  While solarization will not completely sterilize a 
soil, it will reduce the population of enough weeds, insects, and diseases, that a crop plant will have an 
advantage over non-solarized soil. 

In summary, plasticulture can be used to provide an environment that is conducive to growth of the crop 
plant, while lessening the effects of un-favorable weather, weeds, insects, and diseases.  Plasticulture is 
not necessarily cheap, and it does require careful management, but the benefits of plasticulture normally 
justify the expense. 
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High Tunnels: What are they, and where can on get information 
on constructing and growing crops in them? 

Ted Carey, K-State Horticulture Research and Extension Center, Olathe, KS. tcarey@ksu.edu 

There is not really a strict definition of high tunnels, also known as hoop houses.  They are not low 
tunnels, which are basically row covers placed over crops in the open field, and which are not high 
enough to walk in. High tunnels are high enough to walk in, and are essentially low-tech poly-covered 
greenhouses. They do not typically have the heaters, fans and other environmental control systems of 
the fully equipped greenhouse, instead relying on passive heating by the sun, and ventilation through the 
use of roll-up sides.  However, it is not unusual for a high tunnels to have some degree of additional 
protection such as double-layer poly, which provides considerable insulation.  Additional forms of crop 
protection such as row covers, and/or shade cloth and screen can provide additional protection from 
temperature extremes and insect pests. 

Multiple design options are available to the grower interested in using high tunnels, including: 
•	 Simple, homemade, temporary structures used seasonally and made from pvc or metal hoops 

covered with poly held in place by rope or buried in the soil.  These tunnels can be erected 
quickly over prepared beds and can be taken down when no longer required.  

•	 More permanent, single-span tunnels available from many greenhouse manufacturers (these may 
be known as cold frames in the nursery industry) or which may be constructed using wood 
frames, pvc or bent metal pipe. These may be set on posts with a fixed location in the field, and 
may also be built on skids so that they can be moved back and forth over the field as part of a 
rotation system.  Stand-alone tunnels have a wide array of end wall options designed to provide 
equipment access and to aid ventilation; they usually also have some form of roll-up or roll-
down side to facilitate ventilation. These structures may typically be used year-round, being 
designed to withstand winter weather.  

•	 Multi-span tunnels, such as the Haygrove tunnel, designed to cover a fairly large field area with 
hoops placed on ground posts augured into the field.  Typically, the plastic is removed from 
these tunnels during the winter season to avoid problems with snow and ice loads. These models 
present a lower cost option per unit area compared to the single-span tunnel, but minimum sizes 
are larger, represent 

In all cases, careful attention should must be paid to ensuring adequate drainage away from tunnels, and 
of course, provisions must be made for irrigation.  It is generally wise to select sites with good soils, and 
to dedicate resources to soil improvement through amendments such as compost, and other organic 
matter sources.  

The tremendous advantage of high tunnels is that they are relatively inexpensive to build and to operate, 
but, in comparison to the open field, provide high levels of protection for many high value horticultural 
crops, permitting a considerable degree of season extension, and/or improvement in crop quality.  
Probably the principal use of high tunnels in our region at this time is for the early production of 
tomatoes, which can be ready a month earlier than field grown tomatoes.  High tunnels offer a myriad of 
additional crop production opportunities, including production of cool season leafy greens throughout 
the winter, production of high quality brambles and strawberries, and exceptional yields and quality for 
many cut flowers.  As already mentioned, disease and pest problems in tunnels may be reduced 
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compared to open fields.  A striking example is tomato, where tunnel production generally eliminates 
common foliar diseases and increases harvest of marketable tomatoes.  

Multiple research groups are working on high tunnels, and an increasing body of information is 
available to growers interested in using these structures.  The www.hightunnels.org website attempts to 
provide a one-stop source of information to high tunnel users, including information on sources of 
tunnels, and on crop production. It also provides links to multiple additional websites presenting 
information on high tunnels.  Below is a list of some of the good sources of information available to the 
high tunnel grower. These include manuals written by experienced growers, and technical information 
generated by researchers. The hightunnels listserv is a useful way for growers to ask questions and 
receive answers to questions about high tunnels.  

High tunnel information resource list, January 2006. 

Website. www.hightunnels.org has extensive information on high tunnels and links to multiple sites 
including Penn State’s plasticulture site.  We continue to update this and are working to make it 
the one-stop spot for high tunnel information.  

Listserv. The high tunnels listserv allows growers, extensionists and industry representatives to share 
information on high tunnels by e-mail.  Archives contain information from previous discussions.  
Join from the high tunnels website (above).  

The Winter-Harvest Manual: Farming the back side of the calendar. Eliot Coleman. 2001. Four Season 
Farm, 609 Weir Cove Road, Harborside, ME 04642. Cost $15. 

The Hoophouse Handbook: 2003. Growing produce and flowers in hoophouses and high tunnels.  
Growing for Market. Fairplain Publications, Inc. P.O. Box 3747, Lawrence, KS 66046. 1-800
307-8949. www.growingformarket.com. Cost $15 

Walking to Spring. Paul and Alison Wiediger.  Discusses site selection, construction, methods, 
marketing and in-depth growing tips on each crop grow in the hoophouse at Au Naturel Farm.  It 
also includes the charts and forms used for planning, production and marketing as well as an 
extensive resource list of what to get where. $15.00 plus $3.50 shipping and handling. Au 
Naturel Farm, 3298 Fairview Church Road, Smiths Grove, KY 42171 

High Tunnel Tomato production. 2004.  Lewis Jett. University of Missouri Extension bulletin M170. 
http://muextension.missouri.edu/explore/manuals/m00170.htm. Cost: $10. 

2003 High Tunnel Production Manual. 2003. The Pennsylvania State University College of Agriculture, 
Dept. of Horticulture. Center for Plasticulture. Order through ASP, 526 Brittany Drive, State 
College, PA 16803. $25. 

Implementation of a BioControl Program for Insect Control in High Tunnels.” 2005. Center for 
Plasticulture, Dept. of Horticulture, 103 Tyson Building, The Pennsylvania State University, 
Univeristy Park, PA 16802. $10. 

Minnesota High Tunnel Production Manual for Commercial Growers.  2004. To order, contact Terrance 
Nennich, University of Minnesota Extension Service, 218-281-8690, nenni001@umn.edu. $25. 

Growing for Market. Monthly magazine of news and ideas for market gardeners. Frequently contains 
articles on high tunnels and production in high tunnels.  Subscription $30/year from Growing for 
Market. Fairplain Publications, Inc. P.O. Box 3747, Lawrence, KS 66046. 1-800-307-8949. 
www.growingformarket.com 

Great Plains Vegetable Growers Conference, St. Joseph, MO. (or a vegetable growers conference in 
your region). 
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Growing Warm Season Vegetable within High Tunnels 
Lewis W. Jett 


Department of Horticulture, University of Missouri, Columbia, MO  65211-7140 


High tunnels are unheated, plastic-covered greenhouses which provide many benefits to vegetable 
producers: 

1.	 High tunnels lengthen the growing season of many high value vegetable crops such as melons 
and tomatoes. 

2.	 High tunnels protect the growing crop fro extremes in temperature, strong winds, driving rain, 
and destructive hail. 

3.	 High tunnels protect the growing crop from many harmful insects and diseases that can lower 
marketable yield. 

4.	 High tunnels can be used to intercrop many vegetable species. On a small plot of land, high 
tunnels permit intensive production of food crops. 

Many warm season vegetables can be grown within a high tunnel including tomatoes, peppers, 
eggplants, cantaloupes, cucumbers, muskmelons and watermelons.  High tunnels lengthen the growing 
season enabling the crop to be planted 4-6 weeks earlier than field production. 

Most warm season vegetables can be planted when the soil temperatures at the 2-3" depth reach at least 
60°F. The use of row covers, plastic mulch, and drip irrigation are important components for growing 
early season vegetables within a high tunnel. For more information about specific high tunnel crop 
production practices consult the high tunnel website at http://www.hightunnels.org . 
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Growing Cucumbers within a High Tunnel 
Lewis W. Jett1 and James Quinn2


Department of Horticulture, University of Missouri, Columbia, MO  65211-7140 

1State Extension Vegetable Crops Specialist and 2Extension Assistant 


Introduction: 
Cucumbers (Cucumis sativus L.) are high yielding but are frost-sensitive. Cucumbers yield very well as 
an early-season crop, but also will produce well during the summer and fall. The main advantage of 
cucumbers for high tunnels is that cucumbers are a very fast crop. Production starts one month after 
transplanting. One method to extend the production season of cucumbers is using a high tunnel. High 
tunnels are unheated, plastic-covered greenhouses which capture and store solar heat during the day and 
are manually vented to control temperature and humidity. Unlike a greenhouse, they use no fossil fuels 
and have much lower start-up and operating costs. 

Cucumbers can be planted within a high tunnel when soil temperatures at the 2-3" depth are greater than 
60°F. For early-season planting, black plastic mulch and raised beds should be used to maximize soil 
temperatures. Choose a suitable cultivar with excellent disease tolerance (Table 1). 

Table 1. Cucumber cultivars evaluated within a high tunnel, Fall, 2005, Columbia, MO. 
Cultivar Days to maturityz Fruit type Seed vendor 

Camaro 60 European-type DeRuitery 

Dasher II 58 Slicing Chesmore Seeds; 
Harris Seeds 

Diva 58 Slicing Harris Seeds 
Genuine 48 Slicing Johnny’s Seeds 
Hazera 456 50 Beit Alpha-type Hazera Seeds 
Indy 59 Slicing Seedway; Chesmore 

Seeds 
Milligon 60 European-type DeRuitery 

Socrates 52 Beit Alpha-type Johnny’s Seeds 
Tasty Green 48 European-type Seigers Seeds 
Timor 45 Beit Alpha-type Seigers Seeds 
Tyria 56 European-type Johnny’s Seeds 
zDays from seeding. yRetailed from: Hydro-Gardens, Inc., Colorado Springs, CO 

Methods: 
Eleven cucumber cultivars were evaluated (Table 1). There are several types of cucumbers. Cucumbers 
grown for the fresh market are termed “slicers” and are typically 6-7" in length. Slicing types produce 
fruit with seeds and a relatively thicker skin. European types, also called Dutch types or hothouse 
cucumbers, produce parethocarpic fruit. That is, the fruit sets without pollination and does not produce 
seed. European type cucumbers are typically long (10-12") but have a smaller diameter than slicing 
types. European cucumbers have a thin skin and lose fresh weight rapidly after harvest. Beit Alpha 
cucumbers are also parenthocarpic but tend to be blockier and have a waxy layer on the fruit which 
prevents significant fresh weight loss. 
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Three (20 ft. wide x 34 ft. long x 9 ft. high) high tunnels (Stuppy Greenhouse Mfg., Kansas City, MO) 

were used for this cultivar evaluation. Each high tunnel had a single layer of 6 mil plastic with 38" high 

sidewalls which were rolled (up or down) to manage temperature and humidity within the high tunnel. 


Cucumbers were direct seeded in 50 cell trays and grown as transplants for 2.5 weeks prior to 

transplanting within the high tunnels on 20 August 2005. Each transplant was placed in the planting hole 

on black plastic which had previously been in cantaloupes (March-August 10). The cantaloupe vines 

(including roots) were removed one week prior to transplanting the second crop of cucumbers. The 

plastic mulch, drip irrigation line and mesh trellis was left in place for the next crop of cucumbers. 


Each plant was spaced 24" apart with rows on 48" center. A single drip line was under each plastic 

mulched bed to provide water and soluble fertilizer to the growing cucumber plants. A starter solution 

(15N-30P-15K) mixed with Admire insecticide was applied to each transplant a day after transplanting. 

Flint (trifloxystrobin) fungicide was applied to control powdery mildew. 


Starting 2 weeks after transplanting, the cucumber vines were trained on the trellises by using ¾" plant 

clips. Water and fertilizer was applied every 3 days (8-10 lbs N/acre/week). The fertilizer used was

calcium nitrate (15.5N-0P-0K-19Ca) since nitrate nitrogen is the best form of nitrogen to use for 

cucumbers. 


Harvest commenced on 23 September and proceeded every 3 days until 8 November 2005.  Each 

cucumber was weighed, and a subsample of each cucumber cultivar was measured for length and 

diameter. 


Results and Discussion:

Table 2. Marketable yield and count of cucumbers produced within a high tunnel, 2005. 


Cultivar Average fruit 
length (in.) 

Average fruit 
wt. (oz.) 

Fruit wt/plant 
(lbs.) 

Fruit no./plant 

Dasher II 7.5 8.0de 12.2ab 24abc 

Indy 7.9 8.8cde 11.1ab 20abc 

Tasty Green 12.0 12.4ab 10.9ab 14bcd 

Diva 7.1 8.1de 9.7ab 19abc 

Socrates 6.9 7.8de 9.5ab 20abc 

Genuine 8.1 10.1b 9.4abc 15bed 

Timor 7.4 8.1de 9.2abc 18abc 

Milligon 10.0 11.4ab 8.1abc 12de 

Camaro 11.6 11.7ab 6.6cde 9de 

Tyria 10.8 10.0b 5.3cde 9de 

Hazera 456 5.8 4.9f 1.9f 6e 

LSD (0.05) 1.8 2.0 4.1 7.1 

‘Dasher II’ produced the highest yield of all cucumbers evaluated within the high tunnel (Table 2). 
‘Dasher II’ is a slicing type with excellent uniformity and good tolerance to powdery mildew. ‘Indy’ 
also is a slicing type but produced slightly less fruit per plant relative to ‘Dasher II’. ‘Tasty Green’ was 
one of the earliest maturing cultivars evaluated, and this early production resulted in a high yield. The 
fruit of ‘Tasty Green’ is dark green with slight ridges and average 12" in length. ‘Diva’ produced tender, 
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crisp fruit with excellent taste. ‘Socrates’ is thin-skinned, dark green cucumber with excellent quality 
and yield. ‘Socrates’ is somewhat tolerant of cool weather and thus may be well suited to high tunnel 
production in the fall. ‘Genuine’ is an early maturing slicer, but seemed to have poor tolerance to 
powdery mildew. 

The European or hothouse types, ‘Camaro’ and ‘Milligon’ did not perform well relative to most other 
cultivars evaluated. They seemed to lack good tolerance to powdery mildew, and should have a longer, 
warmer growing season than what is provided in an unheated high tunnel. The open environment of the 
high tunnel may not be suitable for optimal production of European type cucumbers. 

Trellising of cucumbers significantly improves yield and quality. All long-fruited types ($ 10") should 
be trellised to maintain good fruit shape. Slicers and beit alpha types may not be trellised, but trellising 
will improve yield and quality. 

Slicer and beit alpha types are typically packed as 40-45 count (½ bushel) boxes. European types are 
shrink-film wrapped and sold in 16 count boxes. 

Conclusions: 
Growers should consider using high tunnels for extended season cucumber production. Cucumbers are 
an excellent rotation crop with tomatoes. Choose a cultivar with good yield, quality, and disease 
tolerance. 
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High Tunnel Strawberry Management 

Steve Upson 

The Noble Foundation 


P.O. Box 2180 

Ardmore, OK 73402 


(580) 223-5810 

msdupson@noble.org


Steve Upson, a native of Tulsa, Oklahoma, received a bachelor’s degree in horticulture from Oklahoma 
State University and a master’s degree in horticulture from Kansas State University. Past employment 
includes serving as a county and district horticulture agent with the Oklahoma Cooperative Extension 
Service and as manager of a commercial market garden operation east of Kansas City, Missouri. Steve is 
currently employed as a horticulture consultant with the Noble Foundation where he specializes in 
researching and demonstrating the benefits of modified environment high tunnel crop production. 

Strawberry plasticulture is a relatively new production system for growing strawberries. Plasticulture 
offers many advantages over traditional, matted-row culture, including weed control without the use of 
herbicide, earlier harvests and heavier yields of extra large fruit. 

While these advantages are significant, there are some drawbacks plasticulture has in common with 
other types of field culture. Weather related phenomenon, namely excess rainfall, freezing temperatures, 
strong winds and hail often threaten to destroy the crop or reduce yield and crop quality. 

Disease is a major problem experienced by strawberry growers. During excessively wet periods, berry 
rot can be severe even when berries are resting on plastic mulch instead of soil. 

Cultural tasks including spraying and harvesting are hampered during rainfall events and when soil is 
saturated. 

Since 1996, the Noble Foundation has researched and demonstrated the benefits of producing high-value 
crops in high tunnels. High tunnels, also referred to as hoop houses or cold frames, are generally 
Quonset shaped, constructed of metal or plastic hoops (bows) and covered with a single layer of 6-mil 
greenhouse-grade polyethylene film. The houses are vented by rolling up the sides, and there is no 
permanent heating system and no electrical connections. Compared with greenhouses, high tunnels are 
relatively inexpensive, ranging in price from $1.50 to $3.00 per square foot. 

The primary advantages high tunnels offer over standard field plasticulture include additional earliness, 
increased protection against storms, a dry environment for cultural activities including harvest 
(especially important if crop is U-Picked) and a decreased incidence of disease. 

There are two basic methods of high tunnel strawberry production. For growers producing strawberries 
using the annual hill plasticulture system, movable high tunnel structures or structures with removable 
end walls are recommended. For the smaller grower who doesn’t own a tractor, bedder and mulch layer, 
a permanent structure is recommended. 
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Currently, all of the Noble Foundation high tunnel strawberry research and demonstration work is being 
conducted in permanent structures that are not accessible by tractor. To minimize hand labor required 
for bed construction, we’ve equipped every house with permanent beds. Good results have been 
experienced growing in 40-inch wide beds constructed on 5-foot centers. The growing medium consists 
of fine sandy loam soil amended with peat moss. 

In order for the high tunnel production system to be effective, strawberry plants need to be planted early 
enough in the fall to become established before cold weather but not to early as to produce excessive 
plant size that results in crowding. 

We’ve experienced good results planting the first week of October. As a general rule, the farther north 
your operation is located, the earlier you need to plant. Growers in northern Oklahoma should consider 
planting the second or third week of September; in central Oklahoma the third or fourth week and in 
southern Oklahoma the fourth week of September or the first week of October. These dates should be 
considered as guidelines only. Additional research needs to be conducted to determine the best planting 
dates for various regions of the state. First time growers would be wise to try two or three planting dates 
spaced one week apart. 

Strawberry plants suitable for transplanting can be purchased as fresh dug, dormant or plug plants. Plug 
plants are more expensive but require less post-plant care. Plug plants tend to establish quicker than 
fresh dug or dormant plants. 

The quality and yield of your high tunnel strawberry crop will only be as good as the health and vigor of 
your planting stock. Purchase your plants from a reputable nursery. Plants should be true-to-variety and 
free of insects and diseases. 

Plug plants can be produced from runner tips or dormant plants. Most plug plants are propagated from 
runner tips harvested from nurseries in the northern United States and Canada. Some growers choose to 
propagate their own plug plants by ordering tips directly from a tip nursery.  

At the Noble Foundation, we’ve experienced good results propagating plug plants from both tip cuttings 
and dormant plants. We are able to produce quality plug plants using 36-cell flats in 3-4 weeks. 

In 2004, we decided to use dormant plants to propagate our plug plants primarily because of difficulty 
encountered in obtaining tips of varieties used in our variety trial. We currently purchase dormant plants 
from Lasson Canyon Nursery located in Redding, Calif. The plants are field grown in fumigated soil and 
harvested in February. Following harvest, the plants are placed in cold storage for about six months 
prior to being shipped via overnight air freight. Dormant plants purchased from Lasson Canyon Nursery 
currently are priced at $0.07/plant. Expect to pay an equivalent amount per plant for next day air 
shipment to Oklahoma. 

A mist system is required to propagate plug plants from tip cuttings.  At the Noble Foundation, we’ve 
experienced good results in our greenhouse using 12 minute mist intervals during the first week and 20 
minute intervals the second week. The duration of each misting is 90 seconds. Misting is terminated on 
day 15. The plants are watered as needed during weeks 3 and 4. 
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Growers not having access to a greenhouse can propagate plug plants outdoors on landscape fabric in 
full sunlight using micro-sprinkler irrigation. Additional information on this low cost plug production 
system can be obtained at http://www.ext.vt.edu/news/periodicals/commhort/2000-12/2000-12-04.html 

A mist system is not required when propagating plug plants from dormant plants.  It is important, 
however, that the growing medium remain moist to minimize plant stress and insure the plug plants are 
produced in a timely manner.  

Based on the results of 3 consecutive years (2003-05) of high tunnel strawberry yield trials, a few 
varieties have separated themselves form the pack (Table 1). During 2004 and 2005, Ventana was the 
top yielding variety (1.60 lbs/plant).  Treasure, the top yielding variety in 2003, continued to fare well in 
2005 (1.22 lbs/plant). Camino Real, the only new variety in the 2005 trial, produced the largest sized 
fruit (0.84 oz/berry). For extra early production, Sweet Charlie continues to be a good choice. This 
variety is a week earlier than Treasure but not as prolific producing 1.2 lbs. of marketable fruit/plant. All 
of the varieties tested in our yield trials are classified as Short Day or “June Bearing” types.  

To avoid heat buildup in the beds, wait as long as possible before applying plastic mulch. Delaying 
mulch application also enables extended harvest of a preceding crop or extended “cooking” time if beds 
are summer solarized to control soil borne disease organisms. 

At the Noble Foundation, we typically apply plastic mulch the last week of September. Prior to 
application, fertilizer is incorporated into beds according to soil test results; drip irrigation is installed 
(two drip lines per bed), the soil surface crowned and smoothed and the beds hand watered. Never apply 
plastic mulch to a dry bed. We always surface water using a hand wand just prior to mulch application. 

We currently recommend planting three rows of plants on a 40-inch bed. Space plants 16 inches apart in 
each row and space the rows 12 inches apart. Locate the middle row in the center of the bed. To create 
an alternating plant pattern, which provides for a more even distribution of plants, shift the middle row 8 
inches towards one of the bed ends. Use a bulb planter to punch planting holes in the plastic.  

Use a fertilizer injector and water wand to top apply a starter solution containing a soluble complete 
fertilizer at planting. Do not rely solely on the drip system for plant establishment. In addition to drip 
irrigation, plan on top watering the first week. After the first week or when the plants have initiated new 
growth, switch over to the drip system. 

Because the plastic mulch obstructs the view of the soil surface, irrigation scheduling can be difficult. 
Consider using a tensiometer, a device that measures soil moisture content, to schedule irrigation. A 6
inch tensiometer will cost about $60.00. 

All required plant nutrients may be applied preplant with the exception of nitrogen. To avoid excessive 
vegetative growth, which can result in delayed flowering and poor fruit quality, nitrogen should be 
applied in small doses over the life of the planting. A typical nitrogen fertigation schedule (the term 
fertigation refers to the application of fertilizer through the irrigation system) consists of weekly 
applications of nitrogen at the rate of 5 lbs. N/acre beginning one to two weeks after transplanting or 
when new growth occurs and continuing through November. No fertilizer is applied December through 
February. Weekly nitrogen applications resume March 1 and continue through April. If soil is amended 
with compost, the nitrogen application rate should be reduced or eliminated depending on the amount of 
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compost used. Each grower will need to fine tune his nitrogen fertigation schedule based on his 
particular situation. 

Short Day varieties initiate flower buds during the fall. Under mild growing conditions during late 
November and December, some varieties will flower. While some of the berries are capable of maturing, 
quality is usually poor and yield is not sufficient to justify harvest. Therefore, in order to maximize 
spring production, all fall formed flowers and runners should be pinched off. 

With a few exceptions, the tunnel can remain fully vented October through February.  Exposing plants 
to cold weather helps delay flowering. 

Strawberry plants can tolerate freezing temperatures; however, injury to the crown can occur at 25 
degrees F with the extent of damage increasing as the temperature drops.  Death can occur at 10 degrees 
F. If plants are not acclimated to cold weather prior to a freeze or if temperatures below 25 degrees F 
are forecast, close the house and cover beds with heavy weight floating row covers. We currently use 
fabric weighing 1.5 oz per square yard for freeze protection.  When the danger of low temperature injury 
is past, be sure and vent the tunnel and remove row covers. 

Beginning in late February or early March, vents should be adjusted as needed to maintain a target 
daytime temperature range of 70 to 80 degrees F. This is the ideal air temperature range for flowering 
and fruit set. When the forecast calls for a possible freeze, cover the beds with row covers. The use of 
heavy weight covers inside a closed high tunnel during the spring can provide an additional 10 degrees F 
of freeze protection. When the danger of freeze subsides, the row covers must be removed and vents 
opened to provide bee access for pollination. 

Aphids and spider mites are the two biggest pest problems you’re likely to encounter. Aphid populations 
can explode during the winter as a result of the protective environment afforded by the structure. Spider 
mites often go undetected until damage has resulted due to their small size. Excellent spray coverage of 
the leaf underside is critical for control of both these pests. 

Primary disease problems encountered include powdery mildew and Botrytis fruit rot (gray mold). 
Development and spread of powdery mildew is favored by humidity and temperatures between 60 and 
80 degrees F, conditions prevalent in hoop houses much of the time. Vent the tunnel as soon as possible 
following a rain event to reduce the humidity. The gray mold fungus infects the flower, ultimately 
destroying the fruit. This disease is spread by air, water or by harvesting. The removal of all diseased 
and unmarketable fruit will reduce the spread of the disease. Fungicide applications for the control of 
both of these diseases should be made according to label directions. 

In southern Oklahoma, harvest of high tunnel strawberries typically commences the first week of April. 
It is not unusual for a few Sweet Charlie berries to be ripe the last of March. Harvest will increase 
weekly before topping out and leveling off the third week of April. Production remains fairly constant 
for two weeks before starting to decline. If the weather is unseasonably warm, harvest can be wrapped 
up by the first week of May or extend into the 4th week of May if cooler conditions prevail. 

The profit potential for growing high tunnel strawberries is dependant on cost of production, marketable 
yield and price obtained for the crop. During 2003, we were able to produce the equivalent of 837 lbs. of 
marketable Treasure berries from one of our 20-ft. by 68-ft. tunnels. If the fruit were direct marketed for 
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$3.00/lb., an income of $2,511.00 would be realized. Given that it cost us $1,910.26 to grow the crop, 
our profit is $600.74. For a detailed high tunnel strawberry budget, contact the Noble Foundation.   

For additional information on high tunnel crop production, contact the Noble Foundation at (580) 223
5810 or email me at sdupson@noble.org . 

Table 1: Year of Production Yield Comparison 
Variety Market weight/plant (lbs) Berry weight (oz) 

2003 2004 2005 2003 2004 2005 
Treasure 1.55 A* 1.22 AB 0.64 0.64 
Chandler 1.40 AB 1.03 BC 1.03 B 0.57 0.64 0.64 
JP4 1.22 BC 0.72 C 0.75 0.88 
Sweet Charlie 1.21 BC 1.18 AB 1.17 B 0.50 0.54 0.48 
Camarosa 0.94 CD 1.30 AB 1.05 B 0.64 0.67 0.64 
Gaviota 0.90 CD 0.57 
Ventana 1.42 A 1.60 A 0.80 0.80 
Festival 1.15 AB 0.66 
Camino Real 1.21 B 0.84 
*Values not connected by same letter are significantly different at a 95% confidence level 
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High Tunnel Crop Management 
Vicki Stamback 


Bear Creek Farms, Inc. 


First I will give you a brief history of Bear Creek Farms and myself and then I will discuss the floral 
crops I grow in my greenhouses.  With the limited time, I will go into detail on only two of the crops I 
grow. 

I received my degree at Oklahoma State University in Landscape Architecture in 1988.  A couple of 
years after I graduated, I was fortunate enough to work for two professors in Horticulture as a research 
technician, part-time for both.  The work I did for one professor, Dr. John Dole, got me interested in 
growing cut flowers and 10 years ago I started Bear Creek Farms.  I sell cut flowers to florists and 
wholesalers in Tulsa, Oklahoma City, Stillwater and Dallas, Texas. 

Dr. Dole taught me to keep records of everything, so we have an extensive record keeping system.  The 
other thing I’ve learned growing flowers is the harder a crop is to grow, the better money making 
potential it has. Below is a list of some of the basic crops I currently grow in the greenhouses.  I have 
winter crops and summer crops.  My greenhouses are 30x96, are heated, have permanent raised beds and 
roll-up sides that are 6 feet tall.  My winter night temperatures are based on what crops I’m growing and 
when I want them to bloom.  (A lot of slides) 

My winter crops include: Sweet peas, Lupine, Freesia, Ranunculus, Anemone, Tulips, Asters, 
Snapdragons. 

My summer crops include: Lisianthus, Celosia, Lilies, Campanula, Trachelium. 

I am going to discuss one winter crop, Snapdragons; and one summer crop, Lisianthus. 

Greenhouse forcing snapdragons are listed in categories.  These categories are based on night time 
temperatures and the snaps in the particular category as to what temperature they will bloom.  How you 
want to grow your snapdragons and what temperature you will have both determine what category of 
snap you want. Some growers cut once then the crop comes out and something else goes in its place.  
We plant two groups to start with, a group 2 snap and a group 4.  The group 2’s will bloom first, then the 
4’s. Then the second flush of the group 2’s followed by the second flush of the group 4’s and so on until 
we’ve cut each group 3-4 times.  It’s then we take them out and plant another crop.  Snapdragons have 
to be liquid fed every week until they set buds and also must be netted with preferably 3 layers of 
netting. 

Lisianthus is planted as plugs or plants in March and will start to bloom in June.  We usually get two or 
three cuttings from this one planting before it comes out.  Lisianthus is extremely picky about pH and 
requires a 6.0. A higher or lower pH results in a very poor crop.  Lisianthus is also grouped as to 
flowering time so we use one that starts in mid-summer to make the best use of space in our 
greenhouses. It is also a very slow crop from sowing to flower so you must have patience.  Lisianthus 
also requires netting but usually one or two layers will do it.  All of our flower crops are irrigated with 
drip irrigation which keeps disease problems to a minimum. 

Questions. 
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High Tunnel Vegetable Crop Pest Management 
Lewis W. Jett 


Department of Horticulture, University of Missouri, Columbia, MO  65211-7140 


High tunnels exclude many pests such as insects, diseases, and weeds which can lower yield and quality 
of vegetable crops. However, pests can develop within a high tunnel. Management of pests within the 
high tunnel should focus on the following areas: 

1.	 Exclusion. Exclude or prevent pests from entering the high tunnel. Inspect transplants carefully 
for any unusual symptoms or insect “hitchhikers.” Common insect hitchhikers on vegetable 
transplants include aphids, thrips, and whiteflies. Insect exclusion screens may be an option for 
excluding many pests from high tunnel. 

2.	 Monitor the high tunnel environment. Make sure the humidity and temperature within the high 
tunnel are not excessive. Do not over fertilize or over water plants. 

3.	 Rotation. The rotation of crops within or between high tunnels will prevent buildup of many 
diseases and insects. Always rotate with crops which are in different botanical families. 

4.	 Sanitation. Remove all diseased plants promptly from the high tunnel. In between cropping 
cycles, completely remove all crop residues. The soil should be thoroughly retiled, compost (or 
fertilizers) applied and the next crop can be planted. Do not allow weeds to grow in the high 
tunnel. Weeds harbor many diseases and insects. 

5.	 Scout. Scout for any insect and disease invasion within the high tunnel. Pay close attention to 
plants close to the sidewalls and end walls. Early detection of a pest invasion is crucial. Use 
sticky cards to detect insects such as cucumber beetles, aphids, whiteflies, and thrips. 

6.	 Use targeted, soft pesticides and beneficial insects. There are several “soft” pesticides which can 
be used within a high tunnel. These pesticides generally are non toxic to beneficial insects and do 
not possess extremely long residual lives. Beneficial insects can be used effectively in a high 
tunnel to prevent many harmful insects from becoming widespread. Do not use beneficial insects 
if the pest outbreak is widespread. 
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Whitmore Farms Hoop House 
Connie Whitmore 


Coyle, OK 


Connie has been involved in producing vegetables to sell for over 20 years.  She and her family have 
participated in the farmers market in Stillwater for over 15 years where Connie has served as an officer 
for the market for many years.  Connie is an OALP alumni and currently serving as President for the 
Oklahoma Farmers Market Alliance. 

In the mid-80’s my husband, Wayne and I began a partnership with another family to produce 
vegetables for the fresh market, and in the mid-90’s decided to strike out on our own.  As our production 
and marketing skills increased, Wayne decided to extend our growing season by incorporating a hoop 
house into our farming operation. In 1997, Wayne ordered a 16’ X 96’ hoop structure with 4’ spacing, 
from Atlas Greenhouse Systems Inc. located in Alapaha, Georgia.  The plastic sheeting was ordered 
from American Plant Products, in Oklahoma City. The house was constructed of galvanized steel hoops, 
and located in an east-west orientation. The 6-mill sheeting was attached to 2” X 4”s, which are 
approximately 3 feet above ground level and to PVC pipe on the ground which runs the entire length of 
the house. By attaching a T joint to the end of the PVC pipe and using a small metal pipe the sides can 
be rolled up to allow ventilation. 

In early March, the soil in the hoop house is watered and tilled while compost and commercial fertilizer 
is added to assist in soil amendment. Three rows of plastic mulch are installed to warm the soil, deter 
weed growth and maintain moisture levels. Drip irrigation is then installed to maintain adequate 
moisture and is used to apply water-soluble fertilizer to enhance plant growth.  By March 15th, tomatoes 
are transplanted into the two outside rows, while yellow straight neck squash and cucumbers are 
transplanted into the middle row. Tomato and cucumber plants are grown within cages to maximize the 
usage of space and deter foliar disease. 

Nighttime temperatures are monitored and artificial heat is occasionally used to prevent plants from 
freezing. Daytime temperatures are also monitored and the sides of the hoop house are raised to lower 
the temperature inside the hoop house.  Routinely plants are inspected for pest problems, such as spider 
mites, squash bugs, caterpillars and even grasshoppers. 

Growing produce in the hoop house allows produce to be marketed approximately 4 weeks earlier than 
growing produce in the field. Squash and cucumber plants are removed as soon as squash begins to be 
harvested from the field, while the tomatoes are harvested as long as it is profitable. 
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