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Safener Reduces Potential for Corn 
Injury with Sulfonylurea Herbicides

Russell R. Hahn and Paul J. Stachowski,
Department of Crop & Soil Sciences, 

Cornell University

applications of labeled and 
double rates of Steadfast, 
a premix of nicosulfuron 
and rimsulfuron, and 
of “New” Resolve, a 
premix of rimsulfuron 
and thifensulfuron, were 
compared with similar 
rates of these products 

with isoxadifen safener, Steadfast Q and Resolve Q.  The 
LPO applications were made in 20 gallons/A of water when 
corn was 14 inches tall (V6 stage of development).  All LPO 
treatments included 1% (v/v) of crop-oil concentrate (COC) and 
2 lb/A of ammonium sulfate (AMS).  Several feet at the back of 
each plot was not sprayed LPO to facilitate making corn injury 
ratings following the LPO herbicide applications.  Injury ratings 
were made 1, 2, 4, and 8 weeks after treatment (WAT). 

Trial Results
Corn injury ratings made 2 WAT with double rates of Steadfast 
and “New” Resolve along with their isoxadifen safened 
versions, Steadfast Q and Resolve Q are shown in Table 1.  
Without safener, LPO applications of double rates of Steadfast 
and “new” Resolve caused significant injury to Pioneer hybrid 
P3941 (82 DRM).  This injury, in the form of stunting and 

chlorosis (yellowing), 
was 63 and 67% 2 
WAT with Steadfast 
and “New” Resolve 
respectively.  There 
was no significant 
injury with double 
rates of the safened 
versions, Steadfast 
Q and Resolve Q 
(Table 1).  Pioneer 
hybrid, P34A15 (109 
DRM) showed no 
significant injury when 
the double rates 
were applied without 

Although crop injury is 
usually minimal when 
herbicides are used 
according to label 
directions, injury can 
occur.  With some herbicide 
sites-of-action, safeners 
can improve the margin 
of safety for the crop.  
According to the WSSA Herbicide Handbook, safeners are 
substances that reduce toxicity of herbicides to crop plants by 
physiological mechanisms.  The safener isoxadifen triggers 
rapid herbicide metabolism (breakdown) in corn.  The result is 
improved corn safety under various weather conditions, across 
more hybrids (especially short-season hybrids), and with a 
broader range of herbicide tank-mix partners and adjuvants.   
Several sulfonylurea (site-of-action GROUP 2 – ALS Inhibitor) 
corn herbicides have undergone transformations with the 
introduction of products that include isoxadifen.  Newly safened 
products include Accent Q, Steadfast Q, and Resolve Q. 

Trial Shows Value of Safener
Four corn hybrids with days relative maturity (DRM) ranging 
from 82 to 109 DRM, were used to demonstrate the value of 
isoxadifen with several herbicides in 2007 at Aurora, NY.  Corn 
hybrids P3941 (82 
DRM), NK N58-D1 
(106 DRM), GH 
2495 (109 DRM), 
and P34A15 (109 
DRM) were planted 
May 14.  The entire 
plot area was treated 
with a preemergence 
application of 2 qt/A 
of Guardsman Max 
to minimize any effect 
that weeds might 
have on corn injury 
evaluations.  Late 
postemergence (LPO) 

Table 1.  Corn injury ratings (%) made 2 weeks after treatment (WAT) 
with late postemergence applications of double rates of Steadfast and 
“New” Resolve along with their isoxadifen safened versions, Steadfast 
Q and Resolve Q at Aurora, NY in 2007.  

% Injury 2 WAT
P3941 NK N58-D1 GH 2495 P34A15

Herbicides* Rate 82 DRM 106 DRM 109 DRM 109 DRM
Steadfast Double 63 13 20 0
Steadfast Q Double 3 3 3 0
“New” Resolve Double 67 17 50 0
Resolve Q Double 3 3 2 3
LSD (0.05) 7 7 7 7
*Applied with 1% (v/v) COC (crop-oil concentrate) and 2 lb/A AMS (ammonium 
sulfate).
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safener.  The other 109 DRM hybrid, GH 2495, was injured by 
labeled (data not shown) and double rates of the unsafened 
versions of these herbicides.  Steadfast and “New” Resolve 
caused 20 and 50% injury 2 WAT respectively, while the 
safened products, Steadfast Q and Resolve Q showed no 
significant injury.  This comparison between the two 109 DRM 
hybrids demonstrates that hybrid sensitivity to these herbicides 
involves more than DRM.  The fourth hybrid,  NK N58-D1 (106 
DRM) exhibited some sensitivity to the unsafened versions 
of Steadfast and “New” Resolve with 13 and 17% injury 
respectively 2 WAT.  Once again, there was no significant 
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injury when double rates of Steadfast Q or Resolve Q were 
applied LPO to this hybrid.  

Although these corn hybrids are no longer in widespread 
use, these results demonstrate the value of the safener, 
isoxadifen, when hybrids are sensitive to postemergence 
applications of sulfonylurea herbicides.  It should be noted 
that isoxadifen is also found in Status, the premix of dicamba, 
diflufenzopyr, and isoxadifen.  Dicamba is also the active 
ingredient in Banvel and Clarity which are often tank mixed 
with a variety of sulfonylurea corn herbicides.

       Double rate of ‘New’ Resolve without safener                                  Double rate of Resolve Q with safener
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Table 1.  Final stands and yield for treated (CruiserMaxx seed treatment) or untreated soybean seed at Cayuga, 
Livingston (Living.), Jefferson (Jeff.), and Onondaga (Onon.) counties, averaged across two varieties (Pioneer 92B33 
and AG24060 and the 2007 and 2008 growing seasons.

FINAL STANDS                                              YIELD
Seed Treatment CAYUGA LIVING. JEFF. ONON.    AVG. CAYUGA LIVING. JEFF. ONON.  AVG.

CruiserMaxx 131,530 215,789 173,583 149,921 167,706         43           57 23 43 42

Untreated 124,636 200,147 134,406 111,641 142,708   42 57 20 41 40

LSD 0.05 4,750 7,463 6,785 6,003 3,902   NS NS 2 NS 2

CruiserMaxx Seed Treatment: To Treat or not to Treat?
Bill Cox1, Elson Shields2, and Phil Atkins1, Department of Crop & Soil 

Sciences1, Department of Entomology2, Cornell University

CruiserMaxx seed treatment greatly improved soybean 
emergence but only marginally improved soybean yields in 
field-scale studies in 2007 and 2008 (Table 1 and What’s 
Cropping Up?, Vol.19, No.1, p.4-5). We conducted field-scale 
studies (5-10 acres in size) on four different farms in 2009 to 
test two soybean varieties (AG2002 from Asgrow and 91Y90 
from Pioneer) that were either treated with the insecticide/
fungicide, CruiserMaxx, or not treated at four seeding rates 
(~110,000, 140,000, 170,000, and 200,000 seeds/acre) to 
determine if we could reduce soybean seeding rates if treated 
with CruiserMaxx. The participating farmers planted (drilled at 
7 or 7.5 inch row spacing), sprayed, and harvested all studies 
while we took measurements, including emergence and aphid 
counts, yield (with our Weigh Wagon), and moisture. All sites 
were planted from 21-24 May and harvested in late October/
early November. We thank Bob DeWaine and Don Specker for 
providing the high quantity of seed required to conduct these 
studies.

When averaged across varieties, seeding rates, and 
locations, soybeans treated with CruiserMaxx had an 80% 
emergence rate compared with 69% for the untreated seed 
(Table 2). Soybeans with CruiserMaxx seed treatment 
compared with untreated seed averaged about 16500 or 
15.4% more plants/acre, which was remarkably similar to the 
17.5% more plants/acre for treated vs. untreated seed in the 
2007-2008 study on different farms (Table 1). Clearly, the use 
of CruiserMaxx improves soybean stand establishment. We 
did not dig up many seeds so we are not sure if CruiserMaxx 
protected the soybean seeds from soil-borne insects, such as 
seed corn maggot and wireworm, or soil-borne pathogens, 
such as Phytophthora and Pythium species. We observed 
more vigorous growth and healthier looking plants in the 
treated seed in mid-June so the seed treatment may have also 

enhanced emergence. Regardless, the difference in stand 
establishment was dramatic and consistent between treated 
and untreated soybean seed.

Soybean aphids were prevalent at economic threshold levels 
at three sites in late June and early July (Livingston, Ontario, 
and Jefferson Co.), necessitating foliar insecticide application 
for control. The use of CruiserMaxx, however, resulted in much 
lower aphid counts at two sites (Livingston and Jefferson Co.) 
before insecticide application. If the untreated seed did not 
have such high aphid numbers (>600/plant at two of the sites), 
the growers could have waited a little longer on insecticide 
application to see if the beneficial insects could reduce 
aphid populations because the treated seed was just above 
threshold levels (250-300/plant). We decided to spray the 
entire study at all three sites, however, to avoid confounding 
the seeding rate response to seed treatment with aphid control.

Despite the average 16500 plant/acre increase in stand 
establishment across sites and the lower aphid densities 
during the early flowering period (R1), CruiserMaxx increased 
soybean yields by only 3 bu/acre or about 6% (Table 2), 
remarkably similar to the 2 bu/acre or 5% yield increase in 
the 2007-2008 study (Table 1). With closer examination of 
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the data, however, the optimum yields with CruiserMaxx seed 
treatment occurred at a seeding rate of 140,000 seeds/acre, 
whereas the treated seed had maximum yields at a seeding 
rate of 170,000 seeds/acre (Table 2). Early stand counts that 
corresponded with maximum yields were similar at 117,116 
plants/acre in the treated and 115,956 plants/acre in the 
untreated seed. Obviously, there may be an opportunity to 
reduce seeding rates significantly while still maintaining critical 
stand establishment (116,000-117,000 plants/acre in this 
study) to maximize or even slightly increase yield  with the use 
of a seed-applied fungicide/insecticide application to soybeans.
Conclusion
Soybean prices have declined significantly over the last couple 
of years while the cost of seed treatment has increased, which 
begs the question “should soybean seeds be treated with 

CruiserMaxx?” In New York, seed treatment adds $10-$15/
acre in seed costs, depending upon the seeding rate used. 
One strategy to optimize the profitability of CruiserMaxx is to 
use it only on fields with challenges to high emergence rates 
(planted April 25-May 15 and/or under high residue conditions). 
Another strategy is to reduce seeding rates of varieties treated 
with CriuserMaxx from the recommended 180,000 to 150,000 
seeds/acre. We suggest that growers run some strip trials in 
the fields, especially when planting early in May under cool 
growing conditions, to see if soybean seeding rates can be 
reduced when the seed has been treated with CruiserMaxx. 
We will continue this study for 1 more year before issuing  new 
seeding rate  recommendations, based on these research 
results as well as small plot studies at the Aurora Research 
Farm.
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Table 2.  Soybean stands in mid-June and yield with or without CruiserMaxx seed treatment at Livingston (Living.), 
Ontario, Jefferson (Jeff.), and Cortland (Cort.) counties, averaged across soybean varieties, AG2002 and 91Y90.
SEEDING RATE            STANDS (plants/acre)                           YIELD (bu/acre)

Seeds/acre  LIVING. ONTARIO JEFF. CORT. AVG  LIVING. ONTARIO JEFF. CORT. AVG

CruiserMaxx/110,000 91,762 108,144 113,210 81,447 98,640 60 46 56 45 52
140,000 119,852 120,402 130,255 97,554 117,116 63 47 58 48 54
170,000                          143,892 142,803 141,903 123,522 138,030 64 45 57 51 54
200,000 158,659 143,750 145,880 130,909 144,800 64 46 57 52 55
Avg. 124,174 54

Untreated/110,000                             84,233 101,136 95,596 60,995 85,940 55 43 51 40 47
140,000 107,954 108,144 108,806 82,874 101,945 58 45 54 45 51
170,000                              133,334 128,977 109,375 92,216 115,976 63 45 57 47 53
200,000 146,165 115,340 137,094 107,726 126,581 64 45 57 51 54
Avg. 107,611 51



Introduction
New fertilizer technologies have focused on 
increasing N use efficiency by reducing N 
volatilization and leaching losses of fertilizer 
materials. Two such polymer based technologies 
are: (1) ESN (Environmentally Smart Nitrogen, 
developed by Agrium Inc.), and (2) NutriSphere-N 
(by Specialty Fertilizer Products Inc.). Research 
plots were established at 3 locations in 2008 
and 2009 to study the impact of use of ESN or 
NutriSphere on nitrogen availability, yield, and 
quality. Two sites from 2008 are not included 
in this analysis. One was severely impacted by 
hail and insect damage and the other was not 
responsive to N. 

Methods
Corn silage trials were located at Cornell research farms in 
Cayuga (2009), Essex (2008 and 2009) and Columbia (2009) 
counties. All sites had five treatments:
1. Starter N only;
2. Starter N + UAN at sidedress (150 lbs N/Acre);
3. Starter N + Urea at planting (150 lbs N/Acre);
4. Starter N + NutriSphere-N at planting (150 lbs N/Acre);
5. Starter N + ESN at planting (150 lbs N/Acre).

There were 4 repetitions of each treatment. Plots were 8 

rows wide and 50 feet long. The urea, ESN and NutriSphere 
treated urea were broadcast and incorporated just prior to 
planting. All plots received 30 lbs N/acre in the starter. The 
UAN treatment was injected when the corn was between 
6 and 12 inches tall. Initial soil conditions and presidedress 
nitrate test (PSNT) results are shown in Table 1. 

Sites that required K were fertilized at planting with K2O at 
rates of 60 lbs/acre (Essex) and 48 lbs/acre (Cayuga). Initial 
ISNT values indicated all sites needed additional N to support 
optimal corn yields beyond what the soil could supply through 
soil organic matter mineralization. The PSNT values for the 
starter only plots confirmed extra N was needed for all sites. 
Silage plots were hand harvested (2 rows of 40 feet each) 

and sub-samples were taken to 
determine moisture content and 
silage quality.

Yield and Quality
All sites showed a yield 
response to N addition beyond 
the starter in both years (Table 
2). There were, however, no 
significant differences among N 
sources or timing of application 
at any of the locations. On 
average, the yield response to 
extra N beyond the starter was 
8.6 tons per acre. There were 
few differences in forage quality 
(Table 3). Crude protein content 
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Table 1: Soil management groups (SMG), soil series and general soil fertility data at 
planting for four N source trials in 2008 and 2009. L=low; M=medium, H=high, VH=very 
high, N=normal, E=excessive and PSNT (from Starter N only plots) at sidedress.

Essex Essex Cayuga Columbia
2008 2009 2009 2009

Stafford fine    
sandy loam

Stafford fine    
sandy loam

Kendaia
fine loam

Hoosic gravelly 
sandy loam

SMG 4 4 2 4
pH 6.6 6.3 7.9 6.3
OM (%) 1.6 (2.7% LOI) 1.7 (2.7% LOI) 2.3 (3.7% LOI) 2.6 (4.1% LOI)
P (lbs/acre) 22 (H) 17 (H) 10.0 (H) 11 (H)
K (lbs/acre) 62 (L) 38 (L) 91 (M) 148 (H)
Mg (lbs/acre) 77 (M) 74 (M) 522 (VH) 312 (H)
Ca (lbs/acre) 1964 1920 5400 1650
ISNT (ppm) 180 (D) 166 (D) 165 (D) 155 (D)
PSNT (ppm) 8 (D) 13 (D) 0 (D) 8 (D)

Table 2: Silage yields for four N source trials. The UAN was side- 
dressed. All other N sources were applied at planting (150 lbs/N acre) 
and incorporated. Each plot received 30 lbs N/acre in the starter band.

Essex Essex Cayuga Columbia Average
2008 2009 2009 2009 2008/2009

Treatment Silage Yield
(tons/acre at 65% moisture)

Starter Only 18.8 b 11.3 b 15.9 b 13.8 b 14.9 b
UAN 21.6 a 20.5 a 23.3 a 22.8 a 22.0 a
Urea 23.5 a 22.0 a 25.9 a 24.7 a 24.0 a
NutriSphere 24.1 a 21.9 a 23.5 a 23.8 a 23.3 a
ESN 22.6 a 23.8 a 26.5 a 25.0 a 24.5 a

Impact of N Fertilizer Sources on Corn Silage Yield and Quality

Greg Godwin, Quirine M. Ketterings, Tom Kilcer, and Karl Czymmek, 
Department of Animal Science, Cornell University
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Table 3: Impact of N source on forage quality parameters and estimated milk yield for four 
corn silage trials. The UAN was sidedressed. All other N sources were applied at planting 
(150 lbs/N/acre) and incorporated. Each plot received 30 lbs N/acre in the starter band.

Essex 2008 Essex 2009 Cayuga 2009 Columbia 2009
NDF (% of DM)

Starter Only 44.1 a 47.3 a 41.9 a 41.2   a
UAN 41.7 a 45.3 a 38.8 a 38.1   b
Urea 41.5 a 46.9 a 39.2 a 38.8 ab
NutriSphere 43.4 a 44.9 a 41.5 a 39.6 ab
ESN 40.4 a 44.5 a 41.7 a 39.5 ab

dNDF (% of NDF)
Starter Only 64.9   a 66.0 a 70.2 a 69.0 a
UAN 64.9   a 62.8 a 69.7 a 64.8 b
Urea 62.4   b 62.1 a 66.4 b 63.9 b
NutriSphere 62.4   b 62.2 a 65.6 b 64.2 b
ESN 64.3 ab 63.2 a 66.1 b 63.0 b

Starch (% of DM)
Starter Only 35.1 a 29.6 a 37.2 a 37.4 a
UAN 35.1 a 31.6 a 40.1 a 40.4 a
Urea 35.7 a 31.1 a 40.5 a 39.2 a
NutriSphere 33.7 a 31.3 a 37.7 a 39.0 a
ESN 36.9 a 31.4 a 37.7 a 39.6 a

Crude Protein (% of DM)
Starter Only 5.2 b 5.5   b 5.0 b 5.5 b
UAN 6.6 a 7.1   a 6.9 a 6.8 a
Urea 6.3 a 6.5 ab 6.6 a 7.0 a
NutriSphere 6.4 a 6.9   a 6.7 a 7.1 a
ESN 6.2 a 7.5   a 6.4 a 7.1 a

Milk per Ton (lbs/ton)
Starter Only 3,305 a 3,412 a 3,269 a 3,055 a
UAN 3,374 a 3,501 a 3,238 a 2,977 a 
Urea 3,322 a 3,435 a 3,208 a 2,999 a
NutriSphere 3,269 a 3,334 a 3,235 a 2,983 a
ESN 3,400 a 3,327 a 3,291 a 2,997 a

Milk per Acre (lbs/acre)
Starter Only 21,692   b    19,014 b 12,913 b 14,597 b
UAN 25,526 ab 28,600 a 23,151 a 23,742 a
Urea 27,352   a 31,119 a 24,701 a 25,901 a
NutriSphere 27,518   a 27,425 a 24,729 a 24,898 a
ESN 26,959   a 30,861 a 27,404 a 26,190 a
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increased with N addition beyond the starter but there were no 
differences among the N sources. None of the differences in 
forage quality significantly impacted the overall silage quality 
as expressed in estimated milk per ton of silage. The increase 
in estimated milk per acre upon N addition was attributed to 
the yield response.

Conclusion
All sites were N deficient yet failed to show any significant 
increase in yield or improvement in forage quality from the 
two enhanced efficiency fertilizers. Broadcast incorporation of 
urea was as effective as application of ESN or NutriSphere or 
sidedressing of UAN. A cool dry spring in 2008 and a cold wet 
growing season in 2009 resulted in reduced mineralization. 
The potential value of these products would be better tested 
in a warm wet spring. Given the weather conditions and the 
limited number of sites, more trials are required to generate 
recommendations. We advise growers interested in these 
products to put test strips in their fields to assess their effec-
tiveness.  

For More Information
For more information on the New York State Nitrogen for Corn 
project and other work, see our project website: http://nmsp.
cals.cornell.edu/. For a fact sheet on enhanced efficiency N 
sources: http://nmsp.cals.cornell.edu/publications/factsheets/
factsheet45.pdf.

Nutrient Management Spear Program 
http://nmsp.cals.cornell.edu/
A collaboration among the Department of Animal 

Science, Pro-Dairy, and Cornell Cooperative Extension.

Corn at the Aurora Research Farm at harvest 2009. No 
visible differences were seen between treatments that 
received additional N beyond the 30 lbs N/acre in the 
starter.
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Wheat yields averaged 65 bu/acre in NY in 2009, tying 
the previous 65 bu/acre yield set in 1999. Although 
wheat prices have dropped over the last couple of 
years, N fertilizer prices, a major input cost for wheat, 
have also dropped during the same time period. 
Consequently, wheat can still be a very profitable crop 
if managed well, especially with a timely N fertilizer 
application.

We planted winter wheat (soft white varieties, 
Caledonia in the 2006-2007 growing season and 
Jensen in 2007-2008; and a soft red variety, 25R47, in 
2008-2009) on 27 September in 2006, 15 September 
in 2007, and 25 September in 2008  on a Honeoye silt 
loam soil at about a 2 bu/acre seeding rate. A starter 
fertilizer, 6-24-24, was applied at about 200 lbs/acre.  
On April 12, 2007, April 10, 2008, and April 15, 2009,  
the winter wheat received a topdressing of ammonium 
nitrate at total N rates of 0, 20, 40, 60, and 80 lbs N/
acre (also 100 lbs/acre in 2008-2009), replicated 6 
times. May and June of 2007 were warm and dry, April 
and May of 2008 were dry, and May and June of 2009 
were wet (Table 1). Wheat was harvested in mid-July 
of all years.

The response of wheat to N rates was somewhat different 
across growing seasons probably because of the different 
spring climatic conditions among the three growing seasons, 
different varieties in all three growing season, and the much 
higher yield in 2009 compared with the previous growing 
seasons (Table 2). In 2007, wheat yields showed a linear 
response to N rates with maximum yields at the 80 lb/acre 
N rate probably in part because of N loss to the applied N 
fertilizer associated with a 19-inch snow storm (2.1 inches of 
precipitation) shortly after N application. There was a linear-
plateau response in 2008 with the plateau occurring at the 40 

lb/acre N rate perhaps in part because Jensen is a somewhat 
lower-yielding variety. In 2009, there was a quadratic 
response to N rates with maximum yield occurring close to 
the 80 lb/acre N rate (~75 lbs N/acre). When averaged across 
the three growing seasons, however, there was a significant 
linear response to N rates with maximum yields occurring 
at the 80 lb/acre N rate. Although we did not observe much 
wheat lodging at any of the N rates across growing seasons, 
lodging potential does increase when single applications of 
N in April exceed 60 lbs/acre. Nevertheless, with the recent 
decrease in N fertilizer costs, wheat growers in NY may wish 
to experiment with higher N rates, especially if the crop came 
through the winter in excellent shape.

If growers also harvest the straw, 
higher N rates surprisingly do not 
increase straw yields (Table 2). In 
2008, the 20 lb/acre N rate provided 
maximum yield and in 2009 we could 
not detect differences in straw yield 
in part because of the variability in 
the measurement (coefficient of 
variation of 17%). Nevertheless, when 

Table 1.  Average monthly temperature and total monthly precipitation at the 
Aurora Research Farm during the 2007, 2008, and 2009 spring months.

TEMPERATURE PRECIPITATION
Month 2007 2008      2009 30-yr mean 2007 2008 2009   30-yr mean

 oF in.
April 43.1 51.9       48.0 45.3 3.80 2.78  1.89         3.28
May 59.0 53.9        58.1 57.6 0.94 1.39  3.77          3.17
June 69.3 69.7        64.5 66.7 2.33 3.76  4.75          4.09

Table 2.  Grain yield of Caledonia soft white winter wheat in 
2007, grain and straw yields of Jensen in 2008, and grain and 
straw yields of Pioneer 25 R47 at N rates of 0, 20, 40, 60, and 80 
lbs/acre in 2007 and 2008 with the addition of a 100 lb/acre N rate 
in 2009 on a Honeoye silt loam soil at the Aurora Research Farm.
Nitrogen Rate 2007                           2008                            2009 Avg.
lbs/acre -------------------Grain Yield (bu/acre)---------------------
0 39 51             67                      52
20 47 61                               79 62
40 53 65                                                       83 67
60 60 67                                   93 73
80 68 69 97 78
100 91 -

--------------------Straw Yield (Tons/Acre)----------------
0 - 1.7              2.3 2.0
20 - 2.0              2.4 2.2
40 - 2.0                       2.6 2.3
60 - 1.9                                    2.6 2.3
80 - 1.9 2.7 2.3
100                                                                                   - 2.6 -

Spring Topdress N Rate Studies on Winter Wheat 

Bill Cox and Phil Atkins, Department of Crop & Soil Sciences, Cornell 
University



What's Cropping Up? Vol. 20 No. 1

Crop 
Management

9

averaged across years, which increased 
the precision of the estimate, maximum 
straw yields occurred at only the 20 lb/
acre N rate. This is consistent with seeding 
rate data on wheat where straw compared 
with grain yields had maximum yields at a 
lower seeding rate (What’s Cropping Up?, 
Vol.19, No.4, p.8-10). 

Conclusion
Wheat responds favorably to N rates 
up to a point and then yields plateau 
or may actually decrease, especially 
in wet springs when high N rates can 
increase foliar disease pressure or lodging 
problems. In studies conducted in the 
1980s, a 60 lb/acre N rate was optimum 
in most growing seasons. In this recent 
3-year study, an 80 lb/acre N rate provided 
maximum economic yields when averaged 
across growing seasons. Growers should experiment on their 
farms at determining N rates that provide maximum economic 
yields. The response will probably vary across years so 
growers should experiment for a few years. Growers should 

fertilize for optimum grain yields and should not consider 
additional N rates to “push’ the straw yields because straw 
yields do not appear responsive to N rates much above 20 lbs 
N/acre.
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Since the introduction and sale of GM crops to US agriculture 
in the 1990s, farmers have been required to sign a 
Technology Transfer agreement at the time of seed purchase.  
Within the fine print of the Technology Transfer Agreement, 
there is a prohibition of all research by the purchaser of the 
seed without company approval.  This statement prohibits 
public scientists from purchasing commercially available seed 
and conducting research without the company’s approval.  
For example, the field crop entomologist at Cornell cannot 
evaluate the commercially available corn rootworm resistant 
varieties without the expressed approval of the company.  In 
addition, comparative studies cannot be conducted without 
the approval of all the companies involved in the studies.  

While commercial agriculture and the public scientists 
nationwide have been trying to work within these research 
restrictions for over a decade, the rapid replacement of 
non-GM varieties with GM varieties carrying 2-6 traits, the 
increasing lack of availability of non-GM varieties and the 
extension of the GM type of Technology Transfer Agreement 
to conventional varieties brings this issue to the discussion 
forefront.

In the past, the discipline most affected by these research 
restrictions has been entomology and corn the crop most 
impacted. The reason appears to be that insect control in 
corn has the most competing traits, the largest acreage and 
the largest number of companies vying for a portion of the 
market.  However, research on all crops is impacted by these 
research restrictions. The breadth of affected research ranges 
widely, varying from efficacy studies to off-target studies.  
Corn entomologists at Land Grant Universities and the USDA 
are having the most difficulty obtaining permission to conduct 
comparative efficacy studies of all the different GM events, 
development of resistant laboratory colonies to all of the 
commercially incorporated GM events, as well as research 
on mechanisms of insect resistance to the GM events, off-
target impact studies of  commercially available GM events 
planted over large areas, and impact of  GM events on the 
decomposer and aquatic communities within and surrounding 
corn fields.

In the weed science area, there has been little emphasis 
on conducting direct comparisons of herbicide incorporated 
resistance from different GM events for the same herbicide 
(Company A glyphosate resistance vs. Company B glyphosate 
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resistance).  Should a weed scientist decide to conduct this 
type of study, permission would need to be granted by both 
companies to allow the research to be conducted legally.  

There are emerging areas of concern within plant pathology.  
Currently, most effort has been placed in high value crops 
on limited acreage.  However, as GM traits against plant 
pathogens are incorporated into the high acreage and 
lower value crops such as wheat and corn, the potential for 
tension between the public scientist and industry increases 
dramatically.

Public agronomists conducting variety and fertility trials 
have suggested that the research restrictions imposed on the 
other disciplines do not impact their research.  However, a 
study comparing the fertility requirements of GM trait A corn 
to GM trait B corn would require company(s) approval under 
the existing Technology Transfer Agreements.  In addition, the 
appearance of GM type of Technology Transfer Agreements 
to conventional varieties changes the legalities of conducting 
trials without company permission.

This climate of research restrictions on the public scientist 
raises the question of who loses, the scientific community or 
the agricultural community?

Restricting the ability of the public scientist to pursue 
research questions unfettered by outside interest allows 
private industry, with profit motives, to overstate the benefits of 
a product and suppress the negative impacts of the product.  
Over the past hundred years of public agricultural research, 
the public scientist has frequently provided producers and the 
general public a source of unbiased research results, acted 
as quality control in their role of questioning industry claims 
of product performance, and operated as a type of consumer 
protection for the agricultural producers across the US.  The 
drastic erosion of the ability of the public scientist to conduct 
research independent of industry oversight threatens the 
longstanding role of the public scientist in the area of unbiased 
agricultural research.

Over the past year, there have been numerous articles in 
the popular press, agricultural trade journals and the scientific 
literature,  triggered by an initial article in the New York 
Times (Pollack, A,  2/20/09).  In addition, this topic has been 
discussed by a committee in the National Academy of Science 
and various groups within the University communities and 
USDA.  All groups involved have expressed concern about the 
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research restrictions and are interested in possible solutions.
Companies with GM products have responded to the 

public exposure about research restrictions with surprise, 
in spite of a 3 –year effort by the national public sector corn 
entomologists to have the companies address the research 
restriction issue.  The American Seed Trade Association 
(ASTA) has been designated by the seed companies with 
GM products as the organization to take the lead in resolving 
this issue.  Suggestions by the public sector scientists that 
the issue can be resolved by changing the language on 
the Technology Transfer Agreement has been deemed 
unacceptable and rejected.  ASTA is pursuing an agreement 
with all companies with GM products to relax research 
restrictions on public scientists, however the ASTA agreement 
will be non-binding on member companies.  Each company 
with GM products will still require a legal agreement with each 
university/researcher to allow research to be conducted.  It 
appears that each company with GM products is still intent on 
controlling research by public scientists.

Additional reading:
New York Times article (http://msl1.mit.edu/furdlog/docs/
nytimes/2009-02-19_nytimes_gmos_patents_research.pdf)

Scientific American article (http://www.scientificamerican.com/
article.cfm?id=do-seed-companies-control-gm-crop-research)

Nature Biotechnology article (http://www.nature.com/nbt/
journal/v27/n10/full/nbt1009-880.html)

Landes Bioscience article: (http://www.landesbioscience.com/
journals/gmcrops/article/10833/) 
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