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Executive Summary:   
Cover crops have the potential to improve water quality by minimizing erosion and 
nutrient losses (N and P) and increasing cropping system resiliency by protecting soil and 
adding organic residues.  Although many Ontario vegetable growers have been using 
cover crops for many years, there are several crops that are harvested too late to 
effectively plant cover crops.  Seeding or underseeding the cover crop in a standing crop 
may allow for enough time for sufficient biomass accumulation to minimize N losses and 
minimize erosion.  In addition to support from grower organizations, this project was 
funded through Ontario Soil and Crop Improvement Association under their Nutrient 
Management BMP Demonstration Grant for demonstration trials and research plots.  In 
2009-2011, we conducted a) 12 strip trials in grower fields comparing with and without 
alfalfa underseeding with 6 replicates, b) 4 small-plot replicate research trials comparing 
the impact of cover crop type (alfalfa, oilseed radish, blend of 4 cover crops) and sowing 
date (early –July and late –August) and c) 4 demonstration strips with at least 13 different 
cover crops underseeded in sweet corn and seed corn.   
Based on three years of demonstration and research trials, underseeding alfalfa or other 
cover crops in processing sweet corn is not recommended but is recommended in seed 
corn.  None of the cover crops tested lowered seed corn yield, test weight or 1000 kernel 
weight.  Although not statistically different, seed corn yield was numerically higher with 
than without alfalfa.  This was observed in the replicated small-plot research trials and in 
the replicated grower strip trials. Oat yield in the following year was numerically higher 
with cover crops than without covers, but there was no statistical difference.  All results 
indicate a low likelihood of negatively impacting yield.  Tested in 2011 at two sites, alfalfa 
screenings grew well and would be a cost effective method of establishing a cover crop 
in seed corn.  Overall, undersowing alfalfa or other cover crops that over-winter is an 
effective strategy to provide green cover in the non-cropping season.  
 
 
Objectives 
• Demonstrate the potential and pitfalls of underseeding cover crops in seed corn 

production 
• Annually, in the fall, host ½ day demonstrations on cover crops and underseeding  

 
 
Methods:  All cover crops were seeded by hand into the standing corn crop with no 
cultivation.  Post emergent herbicides were used according to grower typical practices.    
Measurements: corn yield and quality – seed size (ideally on all sites), cover crop 
biomass. 
 



Table 1. Dates for research and demonstration trials at Fairview Line. 
Year  Corn planting Early cover crop Late cover crop Corn harvest  

2009  May 12  July 6  August 4  Sept. 25  

2010  May 6  June 29  July 20  Sept. 30  

2011 Pioneer  June 4  July 14  August 11  Oct. 4  

2011 Pride  June 5  July 14  August 11  Oct. 7  

 
 
Demonstration Day:   
Each year, at least 40 growers and agribusiness representatives attended a ½ day cover 
crop open house on 7 October 2009, 14 October 2010 and 9 November 2011.  The 
number of people was a success because the vegetable open house at Ridgetown 
Campus usually attracts about 70 people to hear results from 5 researchers on many 
different crops.  Each year the cover crop open house attracted different personnel.  In 
2009, most people were local growers but in 2010 the majority was local industry 
representatives and in 2011 the majority of attendees travelled from 1.5 h away and were 
mainly industry rep. and governmental personnel.   Each year cover crop research was 
featured in Ontario Farmer, Voice of the Farmer and The Grower with at least 5 articles 
in the three years of the project. In 2010, 3 people were interviewed for broadcast on the 
local radio station. 
 
 
Results:   
The 2009, 2010, 2011 replicated alfalfa strip trials carried out on 15 different commercial 
field locations with several different spray programs, none prevented alfalfa from 
germinating and growing.  Products used included the following: 

• Dual II Magnum ppi and pre ●  Dual II Magnum + Atrazine ppi and pre 
• Callisto + Atrazine post  ●  Pardner + Atrazine post 
• Laddok post    ●  Peakplus post 
• Impact + Atrazine post 

All the cover crops were spread on the plots after the post application of herbicides.  
 
 



SWEET CORN 
Based on results from 2009 and 2010, cover crops germinated and grew to the 3-5 leaf 
stage. The cover crops did not grow much further under sweet corn (Table 2-3).  By 
harvest, the cover crops were practically nonexistent and thus did not provide enough 
cover by harvest to minimize erosion or contribute to an N credit for the following crop.  
Due to the lack of cover crop growth during the sweet corn growing season, there was no 
difference in sweet corn yields between treatments with or without undersown cover 
crops (Table 2-3).  Cover crop stands and growth was considerably greater in seed corn 
than sweet corn.  This was likely due to the open canopy in seed corn allowing light to 
get through to the cover crop.   
 
Table 2.  Effect of undersown cover crops on sweet corn yield and cover crop biomass.  
Data from research replicated trials at Ridgetown Campus in 2009 and 2010. 

Cover crop 
Cover crop 

planting 
date 2009 

Sweet corn 
yield 

(ton/ac) 

Cover crop 
planting 

date 2010 

Sweet corn 
yield 

(ton/ac) 
No cover control  5.0  7.5 
Oilseed Radish July 6 6.5 June 18 7.7 
Oilseed Radish August 4 4.1 July 20 7.1 
Blend 1 July 6 6.1 June 18 7.6 
Blend 1 August 4 4.6 July 20 6.9 
Alfalfa July 6 4.2 June 18 6.9 
Alfalfa August 4 6.5 July 20 7.3 
Blend 1 = Oilseed radish (3.75 lb/ac), alfalfa (3.75), hairy vetch (7.5), and oats (13.5 
 
Table 3.  Effect of undersown alfalfa (16 lb/ac) on sweet corn yield and cover crop stands. 

Year  

Site 
Trial type 

Yield 
without 
alfalfa  

Yield 
with 
alfalfa 

Yield 
Difference  Cover crop  

 --------------- Sweet corn (ton/ac) ------------- Stand counts 
(# per ½ m2) 

2009 Ridgetown Campus Research 
trial 5.0  4.2 none 31.2 

2009 County Rd. 1 
Lakeshore Essex 

Replicated 
strip trial n/a n/a none 29.9 

2009 Panel lane 
Strathroy 

Replicated 
strip trial 6.3 6.4 none 22.2 

2010 Ridgetown Campus Research 
trial 7.5 7.0 none 0* 

2010 Harwich  Rd. Chatham 
Kent 

Replicated 
strip trial 8.2 8.4 none 6 

2010 Southerland Dr. 
Strathroy Caradoc 

Replicated 
strip trial na na none na 

* Alfalfa germinated, grew to 3 leaf stage but died when the corn canopy closed and conditions were too dry.  
 
SEED CORN 



Demonstration Replicated Strip Trials:   
 Two treatments (without or with alfalfa sown at 16 lb/ac)  
  2009 and 2010: 2 sweet corn and 4 seed corn commercial fields 
  2011: 5 seed corn commercial fields 
 
Undersown alfalfa in seed corn did not impact seed corn yield, 1000 kernel weight or test 
weight in all years and sites (Table 4).  As expected, yield was different each year (Table 
4) due to weather and the inbreds planted.  Alfalfa dry aboveground biomass was quite 
variable between sites with yields between 83 to 962 lb/ac (Table 5).  Approximately ½ 
the sites had about 100 lb/ac and the other half about 200 lb/ac of alfalfa dry biomass. 
Even with the highest alfalfa biomass, there was only 32 lb/ac of nitrogen in the alfalfa at 
harvest in October (Table 5).  Thus, alfalfa does not compete with the seed corn crop for 
N or any other resource.  Keep in mind the majority of alfalfa growth was over the late fall 
and early spring (see below). 
 
Table 4. Effect of undersown alfalfa (16 lb/ac) on seed corn yield at 12 grower sites in 
2009-2011. 

Cover 
crop 

yield 
(bu/ac) 

test weight 
(g/500 mL) 

1000 
kernel 
weight 

(g) Year 
yield 

(bu/ac) 
test weight 
(g/500 mL) 

1000 
kernel 
weight 

(g) 

    2009 102 a 377 c 265 
no 83.5 391 266 2010 81.2 b 386 b n/a 

alfalfa 85.3 390 264 2011 69.5 c 409 a n/a 
p value 0.5781 0.5469 0.5799  <.0001 <.0001  

Cover crop by year interaction  p value 0.8059 0.9173  
 
 
Table 5.  In September or October, average growth and nitrogen content of alfalfa (16 
lb/ac) undersown in seed corn at 13 sites in 2009-2011. 

Year Site 
Cover crop dry 
biomass (lb/ac) 

%N 
concentration 

N in cover 
crop (lb N/ac) 

2009 9th Ln 95 4.32 4.0 

 
English Ln 253 4.51 10.8 

 
Tecumseh Rd 83 4.47 3.8 

 
Old-Gore Rd 175 4.87 8.5 

2010 10th Ln 190 5.27 9.0 

 
7th Ln 90 4.30 3.9 

 
Wallaceburg - 2.08 - 

 
Old St 272 4.09 10.5 

2011 #66-9th Ln 119 3.27 4.0 

 
#68-9th Ln 94 2.93 2.6 

 
Fairview Rd 112 - - 

 
New Scotland 962 3.30 31.7 

 
Lagoon Rd 220 2.95 6.8 



Demonstration Trial with Different Cover Crops:   
  2009: 1 seed corn commercial field 
  2010: 1 sweet corn and 1 seed corn commercial field 
  2011: 2 seed corn commercial fields 
 
At the Fairview Line location, at least 13 different cover crops in a non-replicated strip 
trial were compared (Table 6).  The trial was repeated each year in 2009 and 2010 and 
at two locations in 2011.  Therefore, data can be analyzed using site-year as replication.  
With of the cover crops, there were no statistical differences in seed corn yield, 1000 
kernel weight or test weight (Table 6).   
 
Table 6.  Effect of underseeding different cover crops on seed corn yield from a non-
replicated demonstration trial on Fairview line harvested Oct. 12 2009 and Sept. 15 2010. 

Cover crop 
Seeding 

rate 
(lb/ac) 

Cost 
($/ac) 

Seed corn yield (bu/ac) Test weight (g) 
 1000 

kernel 
wt (g) 

2011 2010 2009 2011 2010 2009 2009 
No cover 0 0 62.9 89.5 79.4 405 375 374 264 
Crimson clover 12 28 52.0 93.3 91.5 403 385 380 280 
Oilseed radish (OSR) 15 24 73.5 80.6 70.9 400 388 374 258 
Hairy vetch 20 55 54.0 92.3 82.5 399 384 387 300 
Oats 54 19 54.7 78.4 88.9 395 376 379 271 
Winter wheat 90 33 48.3 87 81.7 393 383 386 293 
Rye 90 20 56.0 95.4 86.3 394 383 386 289 
Sorghum 7 28  94.2 79.4  385 374 264 
Soybeans 90 54 54.1 90.4 79.4 403 387 374 264 
Alfalfa 16 43 52.7 99 82.8 399 385 327 247 
Forage peas 90 45 67.0 95.9 75.3 392 379 381 247 
D. cut red clover 12 18 48.1 89.6 - 392 378 - - 
Buckwheat 50 30  - 84.1  - 364 244 
Blend** 1: OSR, vetch, alfalfa, oats 38 51.0 84 111 400 383 389 266 
Blend 2: rye, wheat, crimson clover  
       and forage peas 31 70.0 86.9 96.3 404 381 389 269 

Blend 3: alfalfa, crimson clover, red  
       clover, Austrian peas and vetch 37 52.4 94.1 - 397 381 - - 

Blend 4: rye, oats, wheat 24 65.0   395 376   Blend 5: forage peas and OSR 39 70.9   403    Blend 6: forage peas and oats 32 56.2   397    Annual ryegrass 30 30 73.6   411    Alfalfa Screenings 15 free 78.1   396    Austrian winter pea 90 42 70.5   405    Tillage Radish® 12 30 61.8   398    Oriental Mustard 7 19 57.8   396    * Sorghum underseeding did not grow; therefore seed corn yield was essentially a no cover crop control 
**Blends were mixed at % of single cover crop seeding rate. For instance if there were 3 types of cover 
crops in the blend, then each cover crop was seeded at 1/3 of seeding rate). 
  



Cover crop growth: All cover crops were broadcast seeded by hand when the corn was 
at least 3 feet high.  The field was not cultivated after sowing.  A few days after sowing, it 
rained at least a ½ inch in all years.  Sorghum did not establish in both years and 
soybean growth was ok in 2010 and 2011, but not in 2009.  All other cover crops grew 
well (Table 7).  At harvest, there was considerable cover crop growth in both years 
(Table 7).  The top 5 cover crops in Table 7 had 50 lb N/ac in aboveground shoot 
biomass.  Data analysis of all years showed that blends 5, 1, 2, 6, Tillage Radish®, 
oilseed radish, hairy vetch, and Austrian winter peas, produced the highest biomass and 
would have enough ground cover to minimize erosion.  By winter, it is estimated that all 
cover crops provided enough growth to minimize erosion, except for buckwheat.  
Buckwheat is not recommended for undersowing in seed corn because it produced little 
biomass and set seed on small plants.  Sorghum is not recommended for undersowing in 
seed corn because of the poor establishment. Oilseed radish, vetch and forage peas 
were flowering at harvest but only oilseed radish set viable seed. Thus, seeding oilseed 
radish in early July could result in a weed problem next spring.  This would definitely limit 
the applicability of using oilseed radish, especially in organic production.   
 
Table 7.  Undersown in seed corn cover crop biomass and N content* from 4 non-
replicated demonstration trials on Fairview Line conducted in 2009 -2011.  

# 
No cover 

Cover crop dry 
biomass (lb/ac) 

%N 
concentration 

N in cover crop 
lb N/ac 

1 Blend** 5: forage peas and OSR 1773 a*** 4.95 a 84.7 a 
2 Tillage Radish® 1645 ab 4.25 ab 67.9 ab 
3 Oilseed Radish (OSR) 1573 ab 4.01 ab 62.0 ab 
4 Blend 1: OSR, vetch, alfalfa and oats 1338 abc 3.69 ab 49.4 abc 
5 Hairy Vetch 1212 abcd 4.05 ab 50.0 abc 
6 Austrian winter peas 998 abcde 3.91 ab 38.3 bcd 
7 Blend 2: rye, wheat, crimson clover  

       and forage peas 924 abcde 3.81 ab 36.8 bcd 

8 Blend 6: forage peas and oats 845 abcde 2.95 ab 25.5 bcd 
9 Oriental Mustard 794 abcde 2.97 ab 26.2 bcd 
10 Blend 3: alfalfa, crimson clover, red  

       clover, Austrian peas and vetch 769 abcde 3.88 ab 29.6 bcd 

11 Forage Peas 763 abcde 3.4 ab 26.3 bcd 
12 Ryegrass 759 abcde 3.54 ab 26.1 bcd 
13 Blend 4: rye, oats and wheat 668 abcde 4.13 ab 26.9 bcd 
14 Rye 645 bcde 3.15 ab 21.4 cd 
15 Winter Wheat 632 bcde 2.69 b 17.1 cd 
16 Alfalfa 593 cde 3.42 ab 21.6 cd 
17 Soybeans 550 de 2.99 ab 16.6 cd 
18 Alfalfa screenings 520 de 3.45 ab 18.3 cd 
19 Oats 490 de 3.02 ab 13.4 d 
20 Crimson clover 451 de 2.84 b 13.8 d 
21 DC. Red clover 305 e 3.73 ab 12.0 d 

*Cover crop aboveground biomass was collected on Oct. 13 2009, Sept. 30 2010, Site 1: Oct. 5 2011 and 
Site 2: Oct. 7 2011.  
**Blends were mixed at % of single cover crop seeding rate. For instance if there were 3 types of cover 
crops in the blend, then each cover crop was seeded at 1/3 of seeding rate. 
*** Means with different letters in each column indicates a statistical difference. 



Research Trial:   
Effect of cover crop type: Alfalfa, Oilseed radish, and Blend 1  
Effect of timing of sowing:  Early vs. Late 

 
Impact of undersown cover crops on seed corn yield:  In the 4 replicated-research trials 
in 2009-2011, there were no differences in seed corn yield, 1000 kernel weight or test 
weight with any cover crop tested (Table 8).  In fact, seed corn yield with the no cover 
crop treatment was numerically lower than all cover crops, which suggest very little risk 
to under-sowing a cover crop in seed corn.  As well, there was no difference in seed corn 
yield parameters between early or late sowing dates (July and August in 2009 and 2011 
or June and July in 2010) (Table 8).   
 
 
Table 8.  Effect of undersown cover crops on seed corn yield and cover crop biomass 
from 4 research-replicated trials at Fairview Line in 2009-2011. 

  ----------   Seed corn   ---------- ----------   Cover crop   ---------- 

 

Yield 
(bu/ac) 

1000 kernel 
weight (g) 

Test 
weight (g) 

Cover crop 
dry biomass 

(lb/ac) % nitrogen 

N in 
cover 

crop (lb 
N/ac) 

Cover crop type 
     No cover  64.2 264 385 - - - 

Oilseed radish 79.8 285 387 1336 a** 3.90 a 51 a 
Blend 1* 77.6 275 385 1111 a 3.92 a 43 a 

Alfalfa 77.1 280 386 360 b 3.52 b 13 b 
p value 0.6934 >0.05 0.1913 <.0001 0.0488 <.0001 

Cover crop planting date 
     Early 79.0 278 386 994 z 3.85 38 z 

Late 78.6 282 386 663 y 3.74 25 y 
p value 0.8397 

 
0.6520 <.0001 0.3443 <.0001 

interaction p 
value 0.5139 >0.05 0.7820 0.3543 0.0544 0.1096 

*Blend 1 = Oilseed radish (3.75 lb/ac), alfalfa (3.75), hairy vetch (7.5), and oats (13.5)  
** Means with different letters in each column indicates a statistical difference. 
 
 
Fall growth and N uptake of undersown cover crops:  Results from the research trial 
indicate higher cover crop biomass and N uptake with oilseed radish and the blend of 
cover crops (oilseed radish, vetch, oats and alfalfa) compared to alfalfa after seed corn 
harvest (Table 8).  The earlier sown cover crops had more growth and N uptake than the 
later planting (Table 8).  Both oilseed radish and the blend had cover crop aboveground 
biomass of greater than 1000 kg/ha dry weight.  Research in Maryland USA suggests 
that cover crops with 1000 kg/ha dry weight would be effective at minimizing nitrogen 
losses (Hively et al. 2009). As well, cover crops with 1000 kg/ha dry weight is expected to 
provide enough cover to minimize erosion.  Keep in mind that, in most seasons, alfalfa 
would grow after October, and could still be effective at minimizing erosion and N loss.   
 



Impact of Undersown Cover Crops in the Following Year: 
The bulk of alfalfa growth occurred after our fall sample date, which was the end of 
September or mid-October. By early May 2010, alfalfa at all sites had substantial crop 
growth; over 1000 lb/ac of aboveground dry biomass and over 45 lb/ac of N (Table 9).  
Similar results were observed in early May 2011, but cover crop biomass and N content 
was lower compared to 2010 (Table 10).  Regardless, the value of an undersown cover 
crop may be best realized in the following spring.  Thus, the alfalfa provided good ground 
cover to minimize erosion.  Also, a proportion of N would be released for the next crop.  
Future research should focus on how much is released from alfalfa undersown in seed 
corn. 
 
 
Table 9. Undersown in seed corn, alfalfa growth and nitrogen content at 4 sites. 

 
----------    Fall 2009 sampling   ---------- ----------   Spring 2010 sampling   --------- 

Location 

Cover crop 
dry biomass 

(lb/ac) 
% 

nitrogen 
N in cover 

crop (lb N/ac) 

Cover crop 
dry biomass 

(lb/ac) 
% 

nitrogen 
N in cover 

crop (lb N/ac) 
Fairview -early 630 4.26 27.0 2224 3.67 81.7 
Fairview -late 687 3.66 24.9 1914 3.75 71.7 
English Line 253 4.50 10.8 2387 4.01 96.1 
9 th. Line 95 4.32 4.0 1169 3.81 44.8 
Old street 175 4.88 8.5 1256 3.87 48.7 

 
 
 
Table 10. Effect of cover crop type on spring 2011 above ground dry biomass weight.  
Cover crops were undersown in seed corn in 2010 and harvested May 6 2011.  

Site Cover crop 

Cover crop 
dry biomass 

(lb/ac) % nitrogen 
N in cover 

crop (lb N/ac) 
Old St. Alfalfa 1086 3.93 42.4 
7th Ln Alfalfa 621 3.63 22.7 
Fairview Alfalfa -early 1816 3.57 64.0 

 
Alfalfa -late 1770 3.80 67.5 

 
Blend 1 -early 723 3.45 23.9 

 
Blend 1 -late 528 2.18 11.6 

 
Rye  4484 2.04 91.5 

 
Blend 2 1935 3.27 63.3 

 
Alfalfa   1705 2.75 46.9 

 
Wheat  1684 3.04 51.2 

 
Crimson clover 1015 2.35 23.8 

 
Blend 1 767 1.78 13.6 

 
Blend 3 441 4.03 17.8 

 
D.cut red clover 441 3.93 17.3 

 
 



Impact of undersown cover crops on following oat yield:  In the following year, oat yield 
was numerically higher with cover crops than without, but there was no statistical 
difference (Table 11).  Also, the date of sowing the cover crop had no impact of the 
following oat yield (Table 11). This suggests that, if managed properly, cover crops do 
not lower following crop yields.   
 
 
Table 11.  Effect of previous cover crop type and sowing time on oat yield in the next 
year. 

Treatment Yield (bu/ac) Treatment Yield(bu/ac) 
Cover crop type Cover crop sowing time 

No cover crop 63.9 Early 66.1 
Alfalfa 66.5 Late  67.9 

Oilseed radish 68.5 p value 0.3051 

Blend 1* 66.1 Year  
p value 0.1477 2010 85.0 b** 

  2011 49.0 a 
cc x time Interaction 

p value 0.2773 p value <.0001 

*Blend 1 = Oilseed radish (3.75 lb/ac), alfalfa (3.75), hairy vetch (7.5), and oats (13.5)  
** Means with different letters in each column indicates a statistical difference. 
 
 
  
Recommendations:   
Based on three years of demonstration and research trials, underseeding alfalfa or other 
cover crops in processing sweet corn is not recommended but is recommended in seed 
corn.  None of the cover crops tested lowered seed corn yield, test weight or 1000 kernel 
weight.  Although not statistically different, seed corn yield was numerically higher with 
than without alfalfa.  This was observed in the replicated small-plot research trials and in 
the replicated grower strip trials. Oat yield in the following year was numerically higher 
with cover crops than without covers, but there was no statistical difference.  All results 
indicate a low likelihood of negatively impacting yield.  Tested in 2011 at two sites, alfalfa 
screenings grew well and would be a cost effective method of establishing a cover crop 
in seed corn. Overall, undersowing alfalfa or other cover crops that over-winter is an 
effective strategy to provide green cover in the non-cropping season.     
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