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Alternative Weed Management: On-Farm Trials 
 

Erin C. Hill* and Karen A. Renner 
Research Associate and Professor 

Department of Crop and Soil Sciences 
East Lansing, MI 48824-1325 

Phone: (517) 355-0271 ext. 222* 
Fax: (517) 353-5174 

E-mail: hiller12@msu.edu* 
 
In 2004 a working group of researchers, extension educators, and growers came together to create the 
Michigan State University Extension (MSUE) bulletin “Integrated Weed Management ‘One Year’s 
Seeding…’” (IWM). The bulletin was released in February 2005 to fulfill the lack of information readily 
available on sustainable weed management. Eight on-farm trials were conducted on farms across the 
North Central region as a part of the same grant that funded the creation of the bulletin. These trials were 
all held on certified organic farms and were designed by the growers to examine weed management 
techniques presented in the IWM bulletin. Three of the eight trials were conducted in Michigan, two in 
Alma and one in Schoolcraft. The results of the Michigan trials are presented below. 
 
James L. Monroe Farm (Alma, MI) 
Mr. Monroe farms 300 acres of corn, soybeans, and winter wheat. He has used flaming as a weed control 
technique for several years. He was interested in looking at the effectiveness of flaming alone compared 
with flaming and rotary hoeing and rotary hoeing alone in soybeans.  
 
Methods: A 60 acre field of soybeans was planted on May 28, 2006. Within the field we set up two strips 
for each treatment (i.e. rotary hoeing only (RH), rotary hoeing and flaming (RHF), and flaming only (F)). 
Flaming was done only once for the F and the RHF treatments on June 2nd. Rotary hoeing was done 5 
times between June 2nd and June 9th for the RHF and RH treatments. The F treatment ended up being 
rotary hoed one time to promote emergence on June 2nd. Seasonal observations were made regarding 
weed control, and information relating to the expenses and time input of the weed management practices 
were recorded.  
 
Results: Overall we observed that the treatments that included flaming greatly reduced populations of 
giant foxtail compared with the RH treatment. 
 
Economically the F treatment was the most cost effective followed closely by the RHF treatment (Table 
1). The RH treatment was the most costly as the increased presence of giant foxtail resulted in more 
costly hand weeding later in the season. 
 



Table 1. Weed management costs and time inputs for each treatment. 
Date Application RH only  RH and Flame  Flame Only 
  
  

  
  Expenses Time 

 
Expenses Time 

 
Expenses Time 

  $/A Min./A $/A Min./A  $/Acre Min./A 
28-May Planted        

2-Jun Rotary Hoed $0.49 2.5 $0.49 2.5     
2-Jun Flamed   $9.35 13.0  $9.35 13.0
3-Jun Rotary Hoed $0.49 2.5 $0.49 2.5     
5-Jun Rotary Hoed $0.49 2.5 $0.49 2.5  $0.49 2.5
8-Jun Rotary Hoed $0.49 2.5 $0.49 2.5     
8-Jun Rotary Hoed $0.49 2.5 $0.49 2.5     
9-Jun Rotary Hoed $0.49 2.5 $0.49 2.5     

13-Jun Cultivated $0.70 15.0 $0.70 15.0  $0.70 15.0
20-Jun Cultivated $1.06 11.0 $1.06 11.0  $1.06 11.0
28-Jun Cultivated $1.40 11.0 $1.40 11.0  $1.40 11.0

8-Jul Cultivated $0.70 6.7 $0.70 6.7  $0.70 6.7
18-Jul Manual Labor $86.66  $57.77   $57.77  

Total Weed 
Management Costs 
($/Acre) and Time Input 
(Minutes/Acre) $93.46      58.7 $73.92 71.7 

 

$71.47  59.2 
    
 
Stuckey Farm (Alma, MI) 
Mr. Stuckey farms 130 acres organically. He has recently been experimenting with a cover crop mix 
called Green-N-Gold supplied by Midwestern Bio-Ag. This mix consists of ryegrass, hairy vetch, 
medium red clover, and oilseed radish. For the trials he was interested in interseeding the cover crop mix 
with corn for weed control. Additionally, the cover crop would remain post-harvest to maintain a cover on 
the ground throughout the winter.  
 
Methods: On April 29, 2006 Mr. Stuckey planted 10 acres to organic field corn. On June 25, after the 
corn was about knee high, he broadcast two strip of the Green-N-Gold mix. During the season we 
collected weed counts at three sampling dates. At the end of the season we recorded cover crop dry 
biomass and took data on corn yields to see if the presence of the cover crop had any impact.  
 
Results: Weeds were counted in June prior to cover crop planting and then again in July and September. 
For the September sample date an average of 6 weeds/ft2 were found in the plots without a cover crop, 
while only 2 broadleaf weeds/ft2 were recorded in the plots planted with the Green-N-Gold mix, a 
significant difference. For all previous sampling dates there was no difference in the broadleaf or grassy 
weed densities among the two treatments.   
 
By the end of the season the Green-N-Gold cover crop mix reached a biomass of 2892 lbs/acre. No 
significant differences in corn yield were found among the cover crop and no cover crop treatments, with 
the average corn yield being 100 bushels/acre. 
 



           
Figure 1. Corn interseeded with the Green-N-Gold cover crop mix (left) and corn without an interseeded 
cover crop (right) in September 2006. 
 
Wiley Farm (Schoolcraft, MI) 
Mr. Wiley produces both field crops and some vegetables organically on his farm in Southwest Michigan. 
He was interested in looking at the difference in weed control among several different cultivators in 
soybeans. For early cultivation he was interested in the differences between a rotary hoe and a tined 
weeder. He also wanted to look at a Lilliston cultivator versus a Danish tined cultivator for mid-season 
weed control.  
 
Methods: Approximately 10 acres were planted to organic soybeans on May 9, 2006.  The soybeans were 
planted in 30 inch rows at a population of 165,000 seeds per acre. There were four strips for each of the 
two treatments. Treatment 1 was weeded three times using a tined implement (Figure 2) early in the 
season and cultivated three times using a Danish tine cultivator (Figure 2) later in the season. Treatment 2 
was rotary hoed (Figure 2) three times early in the season and cultivated using a Lilliston cultivator 
(Figure 2) three times later in the season. Broadleaf and grass weed densities were sampled prior to each 
weeding.  
 
Results: The major broadleaf weeds found in this field included velvetleaf, common lambsquarters, and 
common ragweed. The dominant grass weed was large crabgrass. There was no significant difference in 
broadleaf (Figure 3) or grass weed densities among the two treatments.  
 



       
 

    
Figure 2. Treatment 1: tined weeder and Danish tined weeder (top left and right) and Treament 2: rotary 
hoe and Lilliston cultivator (bottom left and right). 
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Figure 3. Broadleaf weed density over time. 
 



  

Organic Cucumber and Tomato Production:  
A Biodiversity Perspective 

 
Mathieu Ngouajio (ngouajio@msu.edu) and Ajay Nair 
Department of Horticulture, Michigan State University 

428 Plant and Soil Sciences Building, East Lansing, Michigan, USA 48824 
 
Summary 
Cucumber yield was unacceptable when floating row covers were not used.  This was likely due to 
cucumber beetle damage.  Brewer and Kaiser (2006) observed high levels of cucumber beetle infestations 
during the season. Tomato yield responded positively to increasing levels of plant biodiversity.  The high 
biodiversity system that included polyculture (tomato and cucumber) plus the mixture of cereal rye and 
hairy vetch cover crops produced the greatest tomato yield. More data need to be collected in the future in 
order to quantify the benefits of increasing plant biodiversity in organic production. 
 
Background and rationale 
From nearly a decade now there has been an increased awareness towards food quality, health standards 
and global environmental issues in our communities. Sustainable agriculture has since emerged as a 
powerful tool in augmenting transition from a conventional to an organic farming system. However, there 
still exist apprehensions in organic farming practices as there are concerns relating to low yield, high pest 
and disease incidence.  Through our experiments, conducted at the Horticulture Teaching and Research 
Center at Michigan State University (MSU), we investigated the affect of incorporating biodiversity as a 
tool to promote and enhance organic vegetable production system. Biodiversity can largely affect factors 
that are indispensable for growth and development of the crop. Increased biodiversity results in better soil 
quality and efficient nutrient cycling. It also sustains and enhances populations of beneficial organisms.  
 
Methodology 
This work is a component of a large study funded by USDA organic program to MSU (Snapp, Brewer, 
Bingen, Mutch, Ngouajio, Biernbaum, 2005).  In these experiments we tested three levels of diversity 
using cover crop, two main crops and a trap crop as main components (Table 1). Cucumber (variety 
Cobra) and tomatoes (variety Mountain Fresh Plus) were used as the main crops. All levels were further 
subdivided into compost (10 ton/A) or no compost, for a total of 6 treatments. Floating row covers were 
also used as additional treatments for cucumber protection. 
 
Table 1. Three levels of biodiversity under study* 

LOW MEDIUM HIGH 
• Monoculture 
• Rye cover 
• Compost or no compost 

• Polyculture 
• Rye Cover 
• Trap crop 
• Compost or no compost 

• Polyculture 
• Rye + vetch 
• Trap crop 
• Compost or no compost 

* The monoculture is either cucumber or tomato, and the polyculture is both cucumber and tomato in 
alternating rows. 

 



  

The selected field was under Soybean cultivation from 2003 to 2005. In the fall of 2005, after Soybean 
harvest, land was ploughed and leveled followed by cover crop seeding at the rate of 100lb/acre for rye 
only and 60lb/acre for rye + hairy vetch (Fig.1). Seed rate of hairy vetch was 20lb/acre. Tomato seedlings 
were raised in the MSU greenhouses starting early April 2006. Occasional application of Organic 
BioLink fertilizer (3-3-3 N:P:K) was made to the seedlings.  
 
In May 2006, cover crops were incorporated and depending upon treatment 
the plots were composted (dairy compost). Tomato seedlings were 
transplanted where as Cucumber was direct seeded.  Medium level 
biodiversity treatment also comprised of a row of trap crop (Hubbard squash) 
in order to trap cucumber beetle. Later in the growing season incidence of 
tobacco hornworms warranted the application of a commercial formulation 
(Dipel® 1lb/acre) of Bacillus thuringiensis (Bt). Throughout the length 
 of the experiment data was collected on soil nutrient status, leaf chlorophyll 
 content, microbial biomass and soil nematode populations. 

 
A visual assessment of the plots later during the season clearly indicated 
that treatment comprising of polyculture, rye and hairy vetch had more 
robust and healthy looking plants when compared to other treatments 
(Fig.2). Cucumber and tomato were harvested 7 and 5 times, respectively 
and the fruits were graded into two categories: marketable and non-
marketable. Marketable yield of both cucumber (with row cover) and 
tomato was satisfactory and the fruit quality was equally acceptable. There 
was difference in cucumber yield between different biodiversity level 

treatments (Fig.3) but they were not statistically significant. There was significant difference in yield and 
number of fruits produced between row cover and unprotected treatments (Fig.3). In the absence of row 
covers, cucumber yield was unacceptable regardless of the plant biodiversity level or compost 
application.  This was in large part due to cucumber beetle damage in the treatments not covered           
(M. Brewer and M. Kaiser, 2006, personal communication). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig3. Yield data for cucumber under different levels of biodiversity 
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Addition of compost reduced the yield when only rye was used in cucumber monoculture and tomato 
polyculture systems. On the contrary, it increased the yield and the fruit count when added to polyculture 
system under rye + vetch (Table2). This indicates that hairy vetch has the potential of suppressing the 
negative effect of compost. In case of tomatoes, higher yield was obtained under polyculture system, 
cover cropped with rye + vetch (Fig.4). Hairy vetch is a nitrogen fixing plant that fixes atmospheric 
nitrogen in the soil. The additional nitrogen thus fixed, as compared to growing only rye, is readily 
available to soil microorganisms and the main crop, which is subsequently translated into higher yields. In 
tomato there was almost two-fold increase in fruit number/plot when vetch was added to polyculture + 
rye + compost treatment (Table 3). In both cucumber and tomato lowest yield was obtained when 
compost was added to polyculture + rye treatment. Compost has a negative effect on the yield which can 
be overcome by using rye + vetch cover cropping system. The amount of compost was too high or the 
compost was not mature at the application time.  Compost analysis showed less than 2% nitrogen. 
 
      Table 2 Effect of cropping system on the number of number of fruits per plot. 

Treatment fruit number/plot 
(Cucumber) 

fruit 
number/plot 

(Tomato) 
Monoculture + rye 23 bx 261 ab 
Monoculture + rye + Compost 15 b 263 ab 
Polyculture + Rye 30 b 225 bc 
Polyculture + Rye + Compost 12 b 183 c 
Polyculture + Rye + Vetch 17 b 297 a 
Polyculture + Rye + Vetch + Compost 28 b 298 a 
Monoculture + Rye + Row cover 93 a - 
Monoculture + Rye + Row cover  + Compost 102 a - 

x Mean separation of values within columns by Fisher’s LSD test, P ≤ 0.05 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig4. Yield data for tomato under different levels of biodiversity 
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In this study, care should be taken while interpreting the yield data as this is the first year since the plot 
was brought under organic cultivation. The yield obtained this year could have been potentially 
influenced by the amount of inorganic fertilizer that was put in the previous years. However, results 
obtained this year are quite promising with respect to crop stand, yield and quality of fruit. 
It is clear that the key to a self sustaining vegetable production system is to give paradigm importance to 
factors that promote soil quality, nutrient cycling and biodiversity. Enhancing biodiversity on site through 
polyculture and cover cropping promotes soil health, improves soil quality and helps support population 
of beneficial microorganisms. From an organic standpoint, yield and other parameters that we will record 
next year (2007) will provide a better understanding of various levels of biodiversity and how it would fit 
in this transition from conventional to organic agriculture.  
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Organic Cucumber and Tomato Project:  
Managing Cucumber Beetle 

 
Michael Brewer, Matthew Kaiser, and Edward Grafius 

IPM Program and Department of Entomology, Michigan State University (email: brewerm@msu.edu) 
 
The use of a squash trap crop and a polyculture of cucumbers and tomatoes for the control of striped 
cucumber beetles in an organic compliant field was studied in middle Michigan in 2006. Blue Hubbard 
was used as the trap crop and had the greater effect in preventing striped cucumber beetle presence when 
compared to a cucumber monoculture. 
 
Literature Review. The trap crop concept is based on the principle of planting a small portion of a 
production field to a crop that is much more attractive to a pest species than the protected crop. As a 
result, the protected crop is less harmed by the pest species than would occur without the trap crop. 
Metcalf (1985) documents success with the trap crop approach on muskmelon, with 82% of northern 
corn rootworm and cucumber beetle being found on the trap crop compared with those found on the 
muskmelon crop. Caldwell & Stockton (1998) documented similar success with the trap crop 
approach, reporting cucumber beetle densities 42% to 81% higher in their squash trap crop than in the 
melon crop inside the squash trap crop. Similar results were documented in Caldwell et al. (1998). In 
an extension program run by Boucher & Durgy (2004), all six (100%) of the growers they worked 
with stated that their pest control was “much better” using a perimeter trap crop of Blue Hubbard 
squash around their green and yellow summer squashes than in previous years without a trap crop. 
Radin and Drummond (1994) have recorded at least 70% of cucumber beetle being located in their 
squash trap crop compared to the cucumber crop in half their experiments. They concluded that there 
is strong potential for the use of trap crops for the control of cucumber beetle on cucumber. Blue 
Hubbard squash seems to be a particularly promising candidate for a trap crop due to cucumber 
beetles’ preference of it over most other cucurbit species (Boucher & Durgy 2004, Pair 1997). Our 
work further these studies by comparing a squash trap crop within slicing cucumber to a monoculture 
of cucumber and additional level of incorporating other plants into the system (a polyculture of 
cucumber and tomato that also contained a trap crop). 
 
Experimental Setup. During summer of 2006 cucumber beetle densities were measured at the 
Horticulture Farm at Michigan State University in East Lansing, MI (42° 69' N latitude and 84° 50' W 
longitude). Cucumber beetle densities were measured using visual plant sampling to count the 
numbers of beetles occurring per plant. 
 
The field setting consists of a 294 ft. by 112 ft. field site that is split up into 16 subplots and contains 
three treatments related to our interest in management cucumber beetles: cucumber alone, cucumber 
with a trap crop, and cucumber and tomato polyculture with a trap crop. This field site was used to 
compare the effects of trap crops and plant diversity on cucumber beetle densities. Blue Hubbard 
squash was used as the trap crop.  
 
 



Summary of Data & Results. Early in the season the Blue Hubbard trap crop had the greatest effect. 
There were between two and four fold more striped cucumber beetles found on the trap crop than on the 
cucumbers adjacent to the trap crop (example, Cuc Trap in figure June 27). Cucumbers planted in 
monoculture without a trap crop had significantly higher numbers of cucumber beetles than cucumber 
plots that were adjacent to the trap crop of blue hubbard (Cuc Mono versus Cuc Trap). Last, the 
polyculture of cucumber and tomato added to the trap crop treatment provided little or no additional 
protection *Cuc Trap versus Poly Trap).  
 
Treatments: 
Cuc Mono = Cucumber monoculture:  
Cuc Trap = Cucumber protected by trap crop (Trap1) 
Poly Trap = Cucumber with tomato (polyculture) protected by trap crop (Trap 2) 
Trap 1 & 2 = Squash trap crop: Larger than cucumber traps 
 
June 27: Cucumber beginning to vine, Squash trap crop larger than cucumber and not yet flowering 
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Cuc Trap: Cucumber protected by trap crop   Cuc Mono: Cucumber monoculture 
 
  
 
 
 
 
 
 
 

Trap 1/Trap 2: Hubbard Squash Trap Crop 
 



The trap crop effect began to break down mid to late season, and the differences in cucumber beetle 
counts per plant became gradually less significant. This may be due in part to the Blue Hubbard trap crop 
sustaining heavy damage throughout the season and becoming less attractive to the beetles over time (see 
July 10 and July 17 figures below).  
 
Treatments: 
Cuc Mono = Cucumber monoculture:  
Cuc Trap = Cucumber protected by trap crop (Trap1) 
Poly Trap = Cucumber with tomato (polyculture) protected by trap crop (Trap 2) 
Trap 1 & 2 = Squash trap crop: Larger than cucumber traps 
 
July 10: Cucumber vining, not yet flowered Squash trap crop larger than cucumber, flowering, damaged 
by beetles. 
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July 17: Cucumber vining, flowers and beginning fruit set Squash trap crop severely damaged by beetles, 
transplanting done 
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July 17: 
 

 
 
 
 
 
 
 
 
 
 
 

Cuc Mono/Cuc Trap: Cucumber monoculture &   Trap 1 & 2: Hubbard squash trap crop  
cucumber protected by trap crop similar    
   
 
Summary of Findings. Overall 2006 was a heavy striped cucumber beetle year that allowed for a good 
test. Our first year of the study shows the value of the trap crop to attract cucumber beetles away from the 
cucumber crop, but care most be taken in managing the trap crop to maximize this noncrop vegetation 
approach to manage cucumber beetle.   
 

 Trap crop shows promise for early season protection 
 The trap crop benefit breaks down later as beetles spread from the trap crop 
 Fruit scaring was bad outside of the row covers (coincided with the break down of the trap crop 

protection) 
 Polyculture provided no additional benefit to early season trap crop protection 

 
 



Strategies for a Diversified Direct Market  
Vegetable Rotation 

 
Aaron Zeis, Administrative Director 

Indiana Certified Organic 
317-539-4317 

icodirector@earthlink.net 
http://members.iquest.net/~cvof/ico/ 

 
 
A good crop rotation plan consists of the movement of plant families and varieties from place to place, 
while creating soil and a farm that is constantly new and fresh. For many farmers, rotation comes as 
needed. In certified organic farming, a rotation plan is required to be in place, with specific attention to 
concerns such as soil health, erosion and pest populations. 
 
Organic crop rotation regulations 
 
§ 205.2 Terms defined. 
Crop rotation. The practice of alternating the annual crops grown on a specific field in a 
planned pattern or sequence in successive crop years so that crops of the same species or family are not 
grown repeatedly without interruption on the same field. Perennial cropping systems employ means such 
as alley cropping, intercropping, and hedgerows to introduce biological diversity in lieu of crop rotation. 
 
§ 205.205 Crop rotation practice standard. 
The producer must implement a crop rotation including but not limited to sod, cover crops, green manure 
crops, and catch crops that provide the following functions that are applicable to the operation: 
(a) Maintain or improve soil organic matter content; 
(b) Provide for pest management in annual and perennial crops; 
(c) Manage deficient or excess plant nutrients; and 
(d) Provide erosion control. 
 

PREAMBLE: Crop Production - Clarifications 
The regulation as originally written includes the " but not limited to" clause that allows producers 
to include alternative management practices in their organic system plan. This establishes that the 
crop rotation component of an organic system plan must be considered within the context of site-
specific environmental conditions including climate, hydrology, soil conditions, and the crops 
being produced. The final rule requires implementation of a crop rotation, but the producer and 
certifying agent will determine the specific crops and the frequency and sequencing of their use in 
that rotation. 

 
Written documentation of your plan will be required for certification. In some instances, you may not be 
able to achieve your rotation plan. This may be due to lack of available seed, weather conditions etc. 
Written records of any deviation from your plan should be well documented, including the reason for this 
variation. 



ATTRA or your certification agency can provide you with Field Activity Logs or Field History 
Sheets, which may be used to document your current activity or history. You may use these same 
forms to document your future rotation plans.   
 
10 Benefits of Quality Crop Rotations 
 

1. Produces a variety of organic matter for quality hummus.  
2. Improves soil tilth, drainage and water-holding capacity. 
3. Brings up nutrients from the subsoil to top soil and keeps it there. This stops the leaching 

process and prevents nutrients from gassing out into the air. 
4. Reduces compaction of the soil. 
5. Suppresses weeds, disease and pests. 
6. Controls Erosion. 
7. Adds nitrogen from legumes. 
8. Allows the farmer to make money while improving the soil. 
9. Breaks up the soil with various plant roots. 
10. Increases biological life in the root zone to improve nutrient transfer from soil to plants 

and extends root growth. 
 
Controlling Pests and Disease 
When rotating crops, specific attention should be given to produce varieties with known pest or 
disease problems.  For plants prone to disease, 3-8 year field rotations are suggested. Examples of 
this include the control of blight in tomatoes or for control of parasitic nematode populations in 
potatoes. 
 
Cover Crops, Green Manures and Catch Crops 
A vital part of a quality organic produce rotation is the use of cover crops, green manure crops 
and catch crops. Cover crops and green manures are an integral part of our farm’s Organic 
System Plan.  Rotation of soil-building cash crops with green manure crops is one of the most 
economical ways of adding organic matter, microbial life, nitrogen and other nutrients to your 
farm. 
 
Cover crop 
A cover crop is crop grown to provide soil cover, primarily grown to prevent soil erosion by 
water and wind. Cover crops also draw nutrients from the depths of the soil and prevent the 
spread of weeds. 
 
Catch crop 
A cover crop becomes a catch crop when planted after a cash crop to intentionally reduce nutrient 
leaching.  
 
 Green manure 
A green manure incorporates field or forage crops while green or soon after flowering. Green 
manures are primarily for nutrient management but also beneficial for pest, disease and erosion 
control. 




