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seeding rates (Table 1). 
In 2009-2010, however, 
25R47 had maximum 
yield at ~1,320,000 
seeds/acre, close to the 
recommended 1,400,000 
seeds/acre. In contrast, 
25R62 did not respond 
to seeding rates in 2009-
2010. When averaged 

across growing seasons, however, 25R62 had a maximum 
yield at ~ 1,030,000 seeds/acre, about 400,000 seeds/acre 
less than the current recommended rate (Table 1). The data 
indicate that current soft red winter wheat varieties planted 
in late September in NY may require less than the current 
recommended seeding rate. We will run this study another 
year, however, before deciding if changes in our current 
recommendations are necessary.

Many growers in NY also harvest wheat straw, which makes 
the wheat crop even more profitable because of the ready 

NY winter wheat yields 
have averaged 65 bu/acre 
and prices have averaged 
about $5.00/bushel 
over the last 3 years. In 
addition, wheat prices are 
hovering at $7.00/bushel 
in mid-August of 2010. 
Accordingly, many NY 
growers no longer consider 
wheat exclusively as a rotation crop but more and more as 
an important cash crop. Consequently, more NY growers are 
now planting wheat in September as the main crop, rather 
than in late October after soybean harvest, to maximize wheat 
yields. In addition, the warm 2010 growing season may allow 
for early soybean harvest and subsequent wheat planting 
in late September. Soft red winter wheat now represents 
over 75% of the New York acreage, primarily because of its 
greater tolerance to sprouting damage compared to soft white 
winter wheat. We initiated a 3-year seeding rate study on the 
latest soft red winter wheat 
varieties (25R47 and 25R62) 
from Pioneer Hi-Bred in 2008 
to help growers determine 
the optimum seeding rate for 
soft red winter wheat planted 
in late September in central 
NY. Seeding rates evaluated 
included ~745,000, 1,030,000, 
1,320,000, 1,510,000, and 
1,875,000 seeds/acre, which 
corresponded to about 1.0, 
1.4, 1.7, 2.0, and 2.5 bu/acre, 
respectively. 

When averaged across the 
first two growing seasons of 
the study, regression analyses 
indicated that 25R47 did not 
respond to seeding rates 
with the lowest seeding rate 
yielding as well as the higher 

Table 1.  Grain and straw yield of two Pioneer Hi-Bred soft red winter wheat varieties 
(25R47 and 25R62) planted in September at seeding rates of around 0.75 1.0, 1.3, 1.5, 
and 1.9 million seeds/acre at the Aurora Research Farm in 2008-09 and 2009-10.

25R47 25R62

Seeding Rate 9/23/09    9/21/10    Avg. 9/23/09   9/21/10    Avg.
seeds/acre (bu/acre) ---------------------Grain Yield (bu/acre)---------------------
   745,000 (~1.0)      94          80        87           95         84          90  
1,030,000 (~1.4)      92          72        82        105         81          93
1,320,000 (~1.7)      95          84        85   105         79          92    
1,510,000 (~2.0)      93          81        87     93         85          89
1,875,000 (~2.5)      98          76        87   102         83          93

                                     
--------------------Straw Yield (tons/Acre)-------------------

  745,000 (~1.0)      2.6        2.7        2.7     2.1        2.3         2.2
1,030,000 (~1.4)      2.2        2.8        2.5     2.1        2.5         2.3
1,320,000 (~1.7)      2.3        2.9        2.6     2.0        2.4         2.2
1,510,000 (~2.0)      2.4        2.9        2.7     2.2        2.7         2.5
1,875,000 (~2.5)      2.5        2.9        2.7     2.3        2.7         2.5
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market of dairy producers for 
wheat straw. As with wheat 
yields, straw yields of 25R47 
did not respond to seeding 
rates when averaged across 
growing seasons (Table 1). In 
fact, wheat and straw yields 
of 25R47 showed the same 
response to seeding rates in 
both years. Wheat and straw 
yields of 25R62, however, 
varied in each growing season 
with straw yields maximized at 
1,510,000 seeds/acre in 2009-
2010 and when averaged across growing seasons (Table 
1). If wheat growers are growing 25R62 and harvesting the 
straw, they may not wish to reduce seeding rates to 1,030,000 
seeds/acre when planting in late September.

Up until the last 10-15 years or so, soft white winter wheat 
varieties dominated the NY wheat acreage and recommended 
seeding rates for a September planting date was ~2 bu/
acre. The latest soft white winter wheat variety from Pioneer 
Hi-Bred, 25W36, had maximum grain and straw yields 
at 1,375,000 seeds/acre in both years of the study. This 
corresponded to a seeding rate of about 1.8 bu/acre, close to 
the recommended seeding rate. It is interesting to note that 
the soft white variety required a higher seeding rate than the 
two soft red varieties for maximum yields lending credence to 
the idea that soft red varieties require lower seeding rates than 
soft white varieties for maximum yield.
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Conclusion
Soft red winter wheat varieties planted in late September in 
central NY showed a limited response to seeding rates in both 
years of the study with maximum grain yields occurring from 
745,000 to 1,320,000 seeds/acre, depending upon the variety 
and year of study.  These seeding rates are less than the 
current recommended 1,400,000 seeds/acre. We will continue 
this study for another year before deciding if recommended 
seeding rates for soft red varieties planted in late September 
should be lowered. A soft white winter variety, 25W36, 
respond more positively to seeding rates in both years of the 
study indicating that recommended seeding rates for soft 
white varieties planted in late September probably does not 
require a change.  

Table 2.  Grain yield and straw yield of a Pioneer soft white winter wheat variety (25W36) 
planted in September at seeding rates of around 0.75, 1.1, 1.4, 1.6, and 1.9 million seeds/acre 
at the Aurora Research Farm in 2008-09 and 2009-10.

       GRAIN YIELD                      STRAW YIELD
Seeding Rate 9/23/09    9/21/10  Avg. 9/23/09    9/21/10   Avg.
seeds/acre (bu/acre) -----------bu/acre-----------      ---------tons/acre----------
   775,000 (~1.0)   89            74         82       2.2          2.4        2.3
1,075,000 (~1.4)   89            84         87            2.3          2.4        2.4
1,375,000 (~1.8)   96            86         91           2.5          2.8        2.7
1,575,000 (~2.1)   88            83         86        2.3          2.7        2.5
1,950,000 (~2.6)   96            82         89     2.4          2.7        2.6
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Introduction
Environmental concerns associated with surface application 
of manure and conventional tillage programs, as well as rising 
costs of both nitrogen (N) fertilizer and fuel, have led many 
New York dairies to employ the use of reduced tillage as a 
way to incorporate spring-applied manure for corn production. 
In 2008 and 2009, eight New York State dairy farms participat-
ed in a two-year, on-farm trial to test the hypothesis that shal-
low incorporation (aeration) of spring-applied manure is an 
effective reduced tillage option for minimizing soil disturbance, 
conserving N, and maintaining yields equivalent to those 
obtained with chisel incorporation of manure. Funding for this 
project was provided by the New York Farm Viability Institute 
(NYFVI) and the Northern New York Agricultural Development 
Program (NNYADP). 

Methods
The eight fields selected for this trial varied from first- to third-
year corn after alfalfa/grass and varied in manure histories. 
All trials were conducted using a randomized complete block 
design (4 replications) with three treatments (surface applica-
tion of manure (control), shallow incorporation of manure, 
and chisel incorporation of 
manure) in four replications, 
except one trial that was 
conducted in three replica-
tions. Corn was planted with 
no more than 30 lbs/acre of 
N starter fertilizer in addition 
to spring-applied manure 
application (5,500 – 12,000 
gal/acre). Plot sizes varied 
depending on farmer equip-
ment and ranged from 12 
to 20 rows wide and 300 to 
700 ft long, with the inner 
6 to 10 rows harvested for 
yield measurements. Soil 
samples, residue measure-
ments and compaction 
readings were taken before 
manure was applied. Incor-
poration took place within 
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one hour of manure application, and a second residue reading 
was done to compare the surface residue remaining for each 
treatment method. All sites were sampled three more times 
for soil fertility and soil moisture (at planting, sidedress time 
and harvest). Stand density was measured at sidedress time. 
At harvest time, soil compaction was measured one last time, 
and yield and forage quality samples were taken. 

Surface Residue Coverage
Chisel incorporation of manure resulted in 13–74% reduction 
in surface residue (average reduction of 44%) for fields with 
an initial residue coverage of 20% or greater. For the same 
fields, aerator incorporation (15 degree angle) reduced 
surface residue by 9-53% (average 31%). Aeration conserved 
on average 30% more surface residue. Post-application 
residue levels exceeding 30% were obtained when the aerator 
was used to incorporate manure for first- year corn after sod 
(Site E, 2008), corn silage after corn grain (Site F, 2009), 
and if a cover crop was used (Site H, 2009). This indicates 
a potential for soil conservation with aerator incorporation if 
used following corn grain harvest or rotation into corn from 
sod or cover crops (Figure 1).

Figure 1. Percent surface residue coverage for 2008 and 2009 at eight locations as affected by 
manure application method (surface application without incorporation versus direct incorporation 
using an aerator or chisel plow).

Shallow Incorporation of Manure Minimizes Soil Disturbance and 
Conserves Nitrogen

Anne Place, Quirine M. Ketterings, Greg Godwin, Joe Lawrence, Brian Aldrich, 
Peter Barney, Tom Kilcer 



Yield, Forage Quality and Nitrogen Conservation
The two years showed very different growing conditions. The 
2009 season was cold and wet, while growing conditions 
were considerably better at most locations in 2008. During 
the 2008 season, surface application of manure resulted 
in an average yield (across all silage sites) of 18.9 tons/
acre, versus 20.0 tons/acre with aerator incorporation and 
19.8 tons/acre with chisel incorporation, indicating a yield 
benefit from incorporation of approximately 1 ton/acre (Table 
1). When three sites with excess N (crude protein levels 

Compaction
There was no measurable compaction at the start of the 
growing season, and compaction observed in the deeper soil 
layers due to harvest activities in 2008 (results not shown) 
did not carry over into the 2009 growing season, suggesting 
the freeze and thaw cycles over the winter alleviated the 
compaction caused during harvest of the corn in 2008. 
Studies on compacted fields need to be done to see if 
aeration can be as effective in reducing compaction as chisel 
plowing. 
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Table 1. Corn silage yield (ton/acre), crude protein (%), and milk production estimates (lbs/ton) at eight loca-
tions in 2008 and 2009 as affected by manure application method (surface application without incorporation 
versus direct incorporation using an aerator or chisel plow).

2008
Site Yield Crude Protein Milk Estimate
 ton/acre % lbs/ton
 Surface Aerator Chisel Surface Aerator Chisel Surface Aerator Chisel
A 17.4 b 19.4 a 19.4 a 5.9   a 6.4   a 6.4   a 3,441   a 3,439   a 3,426   a
B 20.5 a 22.1 a 22.7 a 6.2   a 6.7   a 6.6   a 3,653   a 3,725   a 3,598   a
C 20.7 a 21.1 a 20.1 a 7.1   a 7.3   a 7.3   a 3,309   a 3,346   a 3,396   a
D 12.7 b 14.9 a 15.2 a 6.3   a 6.7   a 6.8   a 3,270   a 3,322   a 3,301   a
E 27.6 a 27.1 a 27.1 a 7.2   a 7.1   a 7.2   a 3,567   a 3,538   a 3,541   a
F . . . . . . . . .
G 11.8 a 13.5 a 12.9 a 6.0   a 5.9   a 6.1   a 3,624   a 3,643   a 3,615   a
H 21.2 a 21.6 a 21.7 a 7.4   a 7.4   a 7.7   a 3,581   a 3,600   a 3,614   a
Mean 18.9 b 20.0 a 19.8 a 6.6   b 6.8 ab 6.9   a 3,493   a 3,514   a 3,501   a

2009
Site Yield Crude Protein Milk Estimate
 ton/acre % lbs/ton
 Surface Aerator Chisel Surface Aerator Chisel Surface Aerator Chisel
A 18.7 a 18.6 a 18.6 a 6.9   a 7.6   a 7.3   a 3,636   a 3,631   a 3,664   a
B 11.3 a 13.3 a 12.7 a 5.9   a 5.6   a 5.8   a 3,634   a 3,620   a 3,599   a
C 19.8 a 20.7 a 20.0 a 8.0   a 8.1   a 7.8   a 3,675   a 3,642  b 3,649 ab
D 11.7 a 13.5 a 14.2 a 7.4   b 8.1   a 8.3   a 3,137   a 3,070   a 3,033   a
E 24.9 a 25.7 a 26.8 a 6.9   a 7.0   a 7.1   a 3,309   a 3,276   a 3,303   a
F 17.1 a 19.0 a 18.2 a 7.0   a 7.0   a 6.9   a 3,357   a 3,353   a 3,398   a
G 8.5 a 9.7 a 9.3 a 6.3   a 6.4   a 6.5   a 3,495   a 3,476   a 3,555   a
H 22.8 a 23.9 a 24.6 a 7.1   a 7.1   a 7.3   a 3,635   a 3,596   a 3,598   a
Mean 16.9 b 17.9 a 18.0 a 6.9   a 7.1   a 7.1   a 3,485   a 3,457   a 3,478   a
*Average values with different letters (a,b,c) are statistically different (a = 0.05).



exceeding 7% and late season corn stalk nitrate levels 
exceeding 5000 ppm) were excluded from the comparison, 
the yield difference between surface application and 
incorporation was 2 tons/acre. Despite the weather-related 
lower yields in 2009, a similar trend was seen that year 
across all silage sites, in which surface application without 
incorporation resulted in an average yield of 16.9 tons/
acre versus 18.0 and 17.9 tons/acre for chisel and aerator 
incorporation, respectively. The 2009 results also suggested 
no differences between chisel and aerator incorporation of 
manure, and a yield increase of 1 ton/acre with incorporation. 

There were no significant differences in soil nitrate levels 
(0-8 inches) between the aerator and chisel incorporation 
treatments for 62 of the 64 sampling times in 2008 and 2009 
combined. Only one location (Site H) showed higher soil 
nitrate levels at planting with chisel incorporation than with 
aerator incorporation in both years. Chisel incorporation of 
manure resulted in significantly higher PSNT (0-12 inches) 
nitrate levels than for aerator incorporation at one location in 
2008, and another location in 2009 (no difference in PSNT 
for 14 of the 16 sampling times). At these two locations, the 

aerator incorporation resulted in values no different from the 
PSNT results of surface-applied manure. Forage quality (milk 
per ton) for both years showed no significant differences 
between the two incorporation treatments. 

These results show that shallow mixing of spring-applied 
manure conserves soil N and has benefits for surface residue 
conservation, and will increase yield over surface application 
without incorporation, similar to what has been obtained with 
chisel plowing, on sites where N is limiting corn production.

Conclusions
Shallow incorporation of manure resulted in greater surface 
residue conservation compared to chisel incorporation 
with no measurable impact on soil compaction. Manure N 
conservation was similar for both incorporation treatments. 
Incorporation increased yield by 1-2 tons/acre where N was 
limiting corn yield. The additional N from manure incorporation 
did not increase corn yields where soil N supply was already 
sufficient. Shallow incorporation of manure is a suitable 
alternative to chisel incorporation in reduced tillage systems 
for conserving N and maintaining surface residue cover. 
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and thus additionally produces high carbon dioxide losses).  
The Adapt-N tool is an excellent adaptation strategy to 

climate change, because it explicitly adapts N management 
recommendations to site- and year-specific weather 
conditions.  Also, it helps mitigate greenhouse gas emissions 
and energy use by facilitating more precise N management, 
thereby reducing nitrous oxide losses and energy 
consumption.  For farmers, better N management improves 
the bottom line, because N fertilizer is typically the most 
expensive crop input in corn grain production systems.

High precipitation variability – exacerbated by climate 
change - increases the uncertainty in predicting N fertilizer 
needs for corn production as high short-term leaching and 

Climate change, greenhouse gases, and energy are on 
many people’s minds these days.  Farming is particularly 
strongly impacted by these issues, both in terms of causes 
and effects.  The most recent EPA report listed agricultural N 
management as the fifth largest source of greenhouse gas 
emissions in the US due to the large nitrous oxide losses (216 
Tg CO2 eq).   The total global warming potential of agricultural 
N management is actually larger than that from the entire US 
aviation industry (EPA, 2010).  Corn production accounts for 
a large fraction of these losses because of its large acreage, 
high N use, and low N use efficiency. The high N fertilizer use 
in corn also implies that this cropping system is very energy 
intensive (N fertilizer manufacture requires a lot of natural gas 

Soil 
Health

Figure 1.  One of the user interfaces for the Adapt-N tool.

Adapt-N Tool Helps Farmers Deal with Climate Change, Energy 
Consumption and Greenhouse Gas Emissions
Harold van Es, Jeff Melkonian, Bianca Moebius-Clune, Bob Schindelbeck, Laura 
Joseph, and Art DeGaetano, Dept. of Crop & Soil Sciences; Dept. of Earth & 
Atmospheric Sciences, Cornell University
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computer servers even while being in the field (Figure 2).  For 
2011, we will further refine and enhance the tool and do more 
field testing in New York, Iowa, and possibly other states.

In summary, Adapt-N is a tool that helps agriculture address 
the current societal concerns around energy use and global 
warming.  It has advantages by adapting to climate change 
by explicitly accounting for weather conditions, as well as 
mitigating global warming and energy consumption through 
more precise N management.  

References:
Environmental Protection Agency (2010). Inventory of US 
Greenhouse Gas Emissions and Sinks.  U.S. EPA # 430-R-
10-006. 
Snyder, C.S., Bruulsema, et al. (2009). Agriculture, 
Ecosystems and Environ. 133:247-266.
van Es, H.M., K.J. Czymmek, and Q.M. Ketterings. 2002. J. 
Soil Water Conserv. 57(6): 499-504.
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Figure 2. Crop consultant running the Adapt-N model on Cornell 
computers from an Iowa corn field using a smart phone.

denitrification N losses may occur from excessive spring 
and summer rainfall.  We experienced this in New York 
during the 2009 growing season, and parts of the Midwest 
have been affected by excessive rainfall for three years 
in a row.  Conversely, few losses occur in dry or average 
growing seasons.  The uncertainty in estimating the correct 
N rate results in the general practice of using “insurance 
fertilizer” applications which results in over-fertilization 
during normal and dry years.  This then results in high 
environmental N losses (van Es et al., 2002; Snyder et al. 
2009).  Adaptive N management allows for adjustment of 
fertilizer rates from year to year based on local conditions, 
especially accounting for weather. 

The Adapt-N tool has been under development for the 
past years with support from a USDA Special Grant on 
Computational Agriculture.  It is a web-based decision 
tool (http://adapt-n.eas.cornell.edu/) developed at Cornell 
University that uses a dynamic simulation model and 
links to the high resolution climate data stored at the Cornell 
Center for Advanced Computing, which allows for applications 
to individual fields or farms.  Besides weather information, 
the Adapt-N tool also incorporates other local information 
such as soil type, organic matter content, and soil and crop 
management practices (rotations, manure applications, 
planting details, etc.) to develop N fertilizer recommendations.  
Adapt-N can be used in both manured and non-manured corn 
productions systems, for different years within rotations, and 
for at-planting or sidedress N applications.  

By using localized information, Adapt-N provides more 
precise estimates of N fertilizer needs.  This is in contrast to 
traditional N management tools that are generalized based 
on average soil conditions, crop management, and seasonal 
weather.  Adapt-N’s web-based interface (Figure 1) is user 
friendly, and we are working with field specialists in New York 
and Iowa in 2010 to test the tool.  It also allows for in-field 
access using mobile computing technology (for example 
smart phones), so users can run the model on the Cornell 



Introduction
Spatial and seasonal variability of phosphorus (P) presents 
a challenge for accurate soil sampling for agronomic and 
environmental management of farm fields. Current Cornell 
guidelines for soil sampling for agronomic recommendations 
and the P runoff index are to take 10-20 subsamples per field 
with a field not exceeding 10 acres. Regulated farms are 
required to sample each field at least once in 3 years. While 
we recommend that fields are re-sampled at the same time of 
the year to decrease the effects of seasonal variability, it was 
unclear to what extent sampling density and timing impact the 
reliability of field soil test P.

We initiated a study on two fields of a dairy farm in central 
New York to determine: (1) number of subsamples needed 
to be >90% sure that our field average is within 10% of the 
actual field average; (2) impact of timing of sampling (spring/
summer versus after harvest 
in the fall) on the number of 
subsamples needed; and (3) 
impact of timing of sampling on 
reliability of Mehlich-3 to Morgan 
soil test P conversion equations.

What Did We Do?
Two 10-acre fields were 
sampled (150 samples per 
field; 64 in a regular grid, the 
remainder in a pattern that 
optimized distribution of lag distances) in July and after 
corn harvest and analyzed for Morgan and Mehlich-3 P. 
Sub-sampling simulations were done using the regular grid 
samples to determine the 95% confidence interval (CI) and 
probability of obtaining a mean within the 95% CI as impacted 
by sub-sampling intensity. The soils were Lima silt loams. 
Fields were classified as high (Field 1) and very high (Field 2) 
in agronomic soil test P. Field 2 was fall-sampled after manure 
had been applied.

What Did We Find?
With a sampling density of three samples per acre, we • 

achieved a mean within ±9-11% of the actual field mean 
with a greater than 90% probability of being in this range for 
both fall and summer sampling. 

Increasing sampling density to more than three samples • 
per acre did not improve the reliability of the field averages.
A sampling density of two samples per acre resulted in • 

a confidence interval of ±14-17%. We had an 83-85% 
chance that the field average P value we obtained with this 
sampling density was actually in this range for sampling in 
the summer versus a 93% chance of being within this range 
for fall sampling.
With a sampling density of one sample per acre, the • 

range increased to ±17-21% but summer sampling rounds 
resulted in only a 52-56% chance that the sample mean 
with one sample/acre was within this range. Fall sampling 
was more reliable (82-84% change).
The manured field did not need to be sampled more • 

intensely for Morgan P to have the same range as the non-
manured field (Table 1).

Also for Mehlich-3 P, three samples per acre were needed • 
to obtain a mean within ±10% with probabilities consistently 
exceeding 90%. The range was ±12-17% with a probability 
of 53-67% of being in this range if only one sample per acre 
was taken versus a range of ±9-11% and a probability of 81-
83% when two subsamples per acre were taken (Table 2).
Sampling time and manure application greatly impacted • 

the reliability of Mehlich-3 P to Morgan P conversion 
equations. For most reliable conversions, samples should 
be taken in the fall after harvest and before manure 
application. 

Conclusions
o If you take 3 samples/acre:

• Timing of sampling does not matter.
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In-Field Spatial Variability of Soil Test Phosphorus and Implications 
for Agronomic and Environmental Phosphorus Management  
Scott Grandt1, Quirine Ketterings1, Art Lembo2, Francoise Vermeylen3, Karl Czymmek4, 
Dept. of Animal Science 1, Cornell University, Dept. of Geography, Salisbury University2, 
Cornell Statistical Consulting Cornell University3; PRO-DAIRY, Cornell University4

Table 1. Average Morgan P confidence interval in percent (and the probability of 
obtaining an estimate within the 95% confidence interval) as impacted by the number of 
subsamples/acre.

Number of samples per acre
 1 2 3 6
lbs/acre ---------- Range in % (probability in %) -------

Field 1 Summer 38 ±21 (52) ±16 (83) ±10 (96) ±10 (100)
Fall 36 ±17 (82) ±17 (93) ±11 (95) ±6 (100)

Field 2 Summer 43 ±19 (56) ±14 (85) ±9 (92) ±9 (100)
Fall (+manure) 43 ±19 (84) ±14 (93) ±9 (98) ±9 (100)
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o If you take 1-2 samples per acre:
• Fall sampling is better; smaller ranges + greater chance  

 of being within the range.
o If you use conversion equations:

• Take 2-3 samples/acre in the fall and sample more often  
 (every 1-2 years).

• Do a common sense check!
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Table 2. Average Mehlich-3 P confidence interval in percent (and the probability 
of obtaining an estimate within the 95% confidence interval) as impacted by the 
number of subsamples/acre.

Number of sub-samples per acre
 1 2 3 6
lbs/acre ------- Range in % (probability in %) -------

Field 1 Summer 170 ±14 (55) ±9 (83) ±8 (95) ±6 (100)
Fall 179 ±16 (67) ±11 (82) ±9 (90) ±7 (100)

Field 2 Summer 181 ±12 (67) ±9 (82) ±7 (90) ±6 (100)
Fall (+manure) 200 ±17 (53) ±13 (81) ±10 (94) ±7 (100)

Nutrient
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Herbicide resistant weeds and herbicide 
resistance management continue to be 
topics of discussion in agronomic circles 
and in the press.  It has even been 
suggested that these resistant weeds are 
an environmental threat.  While herbicide 
resistant weeds are a concern, suggesting 
they are an environmental threat seems 
extreme.  

Herbicide resistance has been defined 
by the Weed Science Society of America 
(WSSA) as the “inherited ability of a species 
to survive and reproduce following exposure 
to a dose of herbicide normally lethal to 
the wild type”.  Due to genetic variability, 
there may be individuals (biotypes) within 
a weed species that are naturally resistant 
to a particular herbicide.  Repeated use 
of that herbicide for control of this species 
allows those resistant individuals to survive 
and reproduce, while susceptible biotypes 
do not reproduce.  Over time, this results 
in a shift, from a population that was once dominated by the 
susceptible biotypes to a population that is dominated by the 
resistant weed biotypes.  

International Survey
In an effort to monitor the development and global distribution 
of herbicide resistant weeds, Dr. Ian Heap has organized 
the International Survey of Herbicide Resistant Weeds 
(www.weedscience.com).  This global summary of resistant 
weeds, grouped by herbicide site of action, indicates there 
are 346 resistant weed biotypes representing 194 species as 
of August 1, 2010.  Of these, 114 are broadleaf weeds and 
80 are grasses.  In a system approved by WSSA to classify 
herbicides by their site of action (1), all herbicides with the 
same site of action are assigned a group number.  These 
numbers are shown in Table 1 for each herbicide group along 
with an example herbicide product and the total number of 
resistant biotypes for each group.     

For many years, triazine resistant weeds were the most 
common, and triazine resistance is the only type of herbicide 
resistance documented in NY State.  Table 1 shows there are 

triazine (Group 5) resistant populations for 68 weed biotypes 
around the World.  In recent years, there has been increasing 
concern about ALS (acetolactate synthase) inhibitor (Group 
2) and about glycine/glyphosate (Group 9) resistant weeds.  
In the case of ALS resistant weeds, the concern is about the 
rapid increase in the number (107) of ALS resistant weed 
biotypes along with the fact that ALS inhibitor herbicides are 
used on multiple crops.  While there are only 19 glyphosate 
resistant (GR) weed biotypes, there is growing concern about 
the widespread use of GR crop technology and the temptation 
to grow these GR crops in rotation using glyphosate herbicide 
as the mainstay in weed control programs.  

Glyphosate Resistant Weeds in the U.S. 
Of the 19 GR weeds reported globally, 10 have been 
documented in the U.S.  Table 2 shows these 10 weeds along 
with the year and the state where they were first identified, 
and the number of states reporting each of these biotypes.  
Most of these GR weeds are only found in one or a few states.  
The widespread occurrence of GR horseweed (sometimes 
called marestail) may in part be due to the fact that airborne 
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Herbicide Resistant Weeds – How Widespread Are They?  

Russell R. Hahn, Department of Crop and Soil Sciences, Cornell University

Table 1.  Global summary of herbicide resistant weeds as of August 1, 2010. 
WSSA Example

Herbicide Group Group # Herbicide Total
ALS  inhibitor 2 Steadfast Q 107
Triazine 5 Atrazine 68
ACCase inhibitor 1 Fusilade 38
Synthetic Auxin 4 2,4-D 28
Bipyridilium 22 Gramoxone 24
Ureas and Amides 7 Lorox 21
Glycine 9 Glyphosate 19
Dinitroaniline, etc. 3 Prowl H2O 10
Thiocarbamates, etc. 8 Eptam 8
Triazoles, Ureas, etc. 11 Amitrole 4
PPO inhibitors 14 Reflex 4
Chloroacetamides, 
etc. 

15 Dual II Magnum 4

Nitriles and others 6 Buctril 3
Others - - 8
Total herbicide resistant biotypes 346
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horseweed seed move into the planetary 
boundary layer (PBL) of the atmosphere where 
long-distance transport is possible.  With wind 
speeds in the PBL frequently exceeding 45 mph, 
horseweed seed dispersal can easily exceed 300 
miles in a single dispersal event (2).  As a result, 
populations of GR horseweed biotypes can 
develop in place, or be “inherited” from existing 
GR populations in neighboring states. 

Several of the weeds on this list are not 
common in NY, however common ragweed and 
horseweed are widespread in the state.  NY 
farmers should of course be vigilant of any weed 
that appears to be resistant to a herbicide that 
once provided control.  Horseweed is most often 
found in zone/no-tillage fields and GR biotypes of this weed 
are relatively widespread in neighboring states where zone/
no-tillage cropping is practiced.  As a result, NY growers who 
use reduced tillage systems should be especially vigilant 
for the appearance of GR horseweed.  In the meantime, 
all growers should implement an aggressive herbicide 
resistance management plan to preserve the value of GR crop 
technology.  Resistance management strategies for growers 
and industry efforts to combat herbicide resistant weeds will 
be discussed in the next edition of What’s Cropping Up? 

Table 2.  Glyphosate resistant weed biotypes in the United States
Weeds 1st Occurrence # of States*
Rigid ryegrass 1998 - California 1
Horseweed 2000 - Delaware 16
Common ragweed 2004 - Arkansas 4
Giant ragweed 2004 - Ohio 8
Italian ryegrass 2004 - Oregon 3
Palmer amaranth 2005 - Georgia 8
Tall waterhemp 2005 - Missouri 6
Hairy fleabane 2007 - California 1
Kochia 2007 - Kansas 1
Johnsongrass 2007 - Arkansas 1
*Number of states reporting GR biotypes.

1.  Mallory-Smith, C. A. and E. J. Retzinger.  2003.  Revised 
classification of herbicides by sites of action for weed 
resistance management strategies.  Weed Technol. 17:605-
619. 
2.  Shields, E. J., J. T. Dauer, M. J. VanGessel, and G. 
Neumann.  2006.  Horseweed (Conyza canadensis) seed 
collected in the planetary boundary layer.  Weed Sci. 54:1063-
1067.  
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Introduction
The late season corn stalk nitrate test (CSNT) is a laboratory 
test of a portion of the corn stalk that can be used to 
distinguish corn fields that had low, optimal or excessive 
nitrogen (N) available that season. Knowing if the corn was 
over- or under-fertilized can help guide N management 
decisions in the following year; CSNT evaluation can help 
identify where cuts in fertilizer or manure use can be made 
with minimal risk of crop yield impact, saving the farmer 
money.

Initially developed and calibrated in Iowa in 1990-1992, 
this test was calibrated for silage systems in New York in 
2005 and 2006 and introduced for use in New York State in 
the fall of 2007. New York field trials support the following 
interpretations: 

<250 ppm: low = the crop would likely have benefitted from • 
additional N
250-2000 ppm: optimal = the crop had access to sufficient • 

N for optimum production
>2000 ppm: excess = the crop had access to more N than • 

was needed for optimum production. 

Our initial research focused on silage corn, which is typically 
harvested when whole-plant moisture content is between 65 
and 70%. Initial guidance for sampling of silage corn indicated 
stalks should be collected within a week prior to silage 
harvest, and up to five days after (assuming a chopping height 
of 14 inches or greater). 

Farmers and farm advisors asked about sampling and 
interpretations for grain corn. Other states recommend that 
grain corn be sampled within 2 to 3 weeks of black layer 
formation. However, there were no research data, in NY or 
elsewhere, on the impact of time of sampling as a function 
of whole plant moisture content on CSNT results. In the fall 
of 2008 and 2009, we conducted a weekly sampling study to 
address the question: does timing of sampling (reflected in 
moisture content) impact CSNT results and interpretations?

Methods
For both test years, corn stalk samples were collected from 
fields at the Musgrave Research Farm in Aurora, NY. In 2008, 
16 plots, representing four replications of four treatments in 
a manure application study, were sampled for ten weeks, 
beginning at 72% whole plant moisture content (two 

Table 1. Stalk nitrate concentration as influenced by timing and moisture content (MC) across four treatments in a 
manure incorporation study in 2008. The same letter within a treatment column implies no significant difference. 

Timing MC Treatment
Aerator Surface Inorganic Chisel

Weeks Date % --------------------------------- ppm --------------------------------
1 9/04/2008 71.6 265 a 183 a 1041 a 820 a
2 9/12/2008 70.5 449 a 153 a 929 a 851 a
3 9/19/2008 61.4 327 a 207 a 331 a 517 a
4 9/26/2008 56.9 202 a 148 a 814 a 998 a
5 10/03/2008 54.6 582 a 437 a 737 a 637 a
6 10/10/2008 46.6 192 a 274 a 805 a 430 a
7 10/17/2008 42.0 456 a 315 a 565 a 421 a
8 10/23/2008 39.1 309 a 38 a 553 a 462 a
9 10/30/2008 37.1 170 a 212 a 347 a 970 a
10 11/04/2008 32.6 319 a 38 a 439 a 459 a

Average 327 201 656 657
Coefficient of variance 41 61 37 35

Number of times deficient? 3 out of 10 7 out of 10 0 out of 10 0 out of 10

Number of times excessive? 0 out of 10 0 out of 10 0 out of 10 0 out of 10

Timing Effects on the Late Season Corn Stalk Nitrate Test

Sarah Wharton, Quirine Ketterings, Kate Orloski, Eun Hong, Greg Godwin, and 
Karl Czymmek, Dept. of Animal Science, Cornell University
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weeks prior to the optimal time for silage harvest) 
and ending at 33% moisture (when the corn was 
harvested for grain). In 2009, 20 plots, representing 
four replications of five treatments in an N fertilizer 
study were sampled for eight weeks beginning at 
58% moisture content and ending at 29% moisture 
when the site was harvested for grain. In both 
years, five stalks were sampled per plot with the 
remainder of the stalks chipped and sub-sampled 
to determine moisture content. Stalk samples were 
dried, ground and then analyzed for stalk nitrate 
content in the Cornell Nutrient Management Spear 
Program laboratory using an aluminum sulfate 
extraction and an ion specific electrode. 

Results
Timing of sampling (moisture content) did not have 
a significant effect on stalk nitrate concentration in 
the manure application study (Table 1) in 2008. In 
2009, there were also no significant differences in 
CSNT results for samples either (Table 2).

A comparison of the average CSNT value for 
the nine treatments (two years combined) and 
the coefficient of variance showed that the largest 

What's Cropping Up? Vol.20 No. 3

Table 2. Stalk nitrate concentration as influenced by timing and moisture content (MC) across five treatments in a protected 
N study in 2009. The same letter within a treatment column implies no significant difference.

Timing MC Treatment
Starter Nutrisphere ESN Urea UAN

Weeks Date % ---------------------------ppm--------------------------
1 9/16/2009 57.9 75 a 1694 a 1733 a 1961 a 1121 a
2 9/22/2009 55.6 101 a 1502 a 1885 a 1975 a 933 a
3 9/29/2009 51.8 89 a 1541 a 1810 a 2271 a 768 a
4 10/05/2009 46.8 122 a 1533 a 1670 a 1445 a 667 a
5 10/14/2009 41.0 236 a 1510 a 1647 a 2059 a 828 a
6 10/20/2009 35.2 76 a 1892 a 1862 a 1856 a 1099 a
7 10/27/2009 32.8 82 a 1641 a 1109 a 1707 a 858 a
8 11/04/2009 28.7 60 a 1195 a 1226 a 1534 a 562 a

Average 105 1564 1618 1851 855
Coefficient of variance 53 13 18 15 23

Number of times deficient? 8 out of  8 0 out of 8 0 out of 8 0 out of 8 0 out of 8
Number of times excessive? 0 out of 8 0 out of 8 0 out of 8 2 out of 8 0 out of 8

Figure 1: Coefficient of variance versus late season corn stalk nitrate test 
(CSNT) results for samples collected weekly from silage harvest to grain 
harvest time (n=8 to 10).
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variability occurs in fields with the lowest CSNT values. For 
fields testing excessive in CSNT, CVs were less than 20% 
whereas for N deficient fields, values are more variable 
(Figure 1). This variability points to the need for greater 
sampling density in fields where N deficiency is suspected. 
When stalk nitrate concentrations are close to the cutoffs 
between low, optimal and excessive (i.e. around 250 or 2000 
ppm), spatial variability can cause classifications to vary 
from low to optimal, as shown for the aerator and surface 
treatments (Table 1), or from optimal to excess as was the 
case for the urea treatment (Table 2). Thus, values close to 
250 and 2000 ppm should be interpreted with caution.

Conclusions and Implications
The data suggest that stalk samples may be taken at silage 
harvest (65-70% moisture) and grain harvest (20-30% 
moisture) without any effect to the CSNT results. Overall, we 
conclude that the sampling window for the CSNT is wide and 
sampling of grain corn can be done beginning a week before 
the optimal time for silage harvest all the way up to grain 
harvest.  
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Cornell Cooperative Extension’s
2010 FIELD CROP DEALER MEETINGS
October 19 – Comfort Suites, 7 Northside Drive, Clifton Park, NY

October 20 – Holiday Inn, 1777 Burrstone Road, New Hartford, NY
October 21 - Batavia Party House, 5762 E. Main Road, Stafford, NY

October 22 - Holiday Inn, 75 North Street, Auburn, NY

Registration begins at 9:00 a.m. with the program underway at 9:50.  Registration (including 
lunch) at the door–no preregistration–will be $35.00.  Registration alone, which includes one 
copy of the 2011 Cornell Guide for Integrated Field Crop Management, will be $20.00.  The 
agenda features topics of current interest to those involved in field crop production.  Extra copies 
of the Cornell Guide will be available.  (Please let Larissa Smith (607-255-2177) know in advance 
of meetings if you will be needing 10 or more copies of the Guide). 

DEC and CCA credits will be offered



 
Oct. 19, 2010 Field Crop Dealer Meeting, Comfort Suites, 7 Northside Drive, Clifton Park, NY
Oct. 20, 2010  Field Crop Dealer Meeting, Holiday Inn Utica, 177 Burrstone Rd, New Hartford, NY
Oct. 21, 2010  Field Crop Dealer Meeting, Batavia Party House, 5762 E. Main Road, Stafford, NY
Oct. 22, 2010  Field Crop Dealer Meeting, Auburn Holiday Inn, 75 North Street, Auburn, NY
Oct. 31-Nov. 3 ASA-CSSA-SSSA International Annual Meetings, Long Beach, CA
Nov. 30-Dec. 2  Northeast Region Certified Crop Adviser Training, Holiday Inn, Waterloo, NY
Dec. 7-9, 2010 National Fusarium Head Blight Forum, Hyatt Regency Milwaukee, WI

What's Cropping Up? is a bimonthly newsletter distributed by the Crop and Soil Sciences Department at Cornell University. 
The purpose of the newsletter is to provide timely information on field crop production and environmental issues as it relates 
to New York agriculture. Articles are regularly contributed by the following Departments at Cornell University: Crop and Soil 
Sciences, Plant Breeding, Plant Pathology, and Entomology. To get on the mailing list, send your name and address to 
Larissa Smith, 237 Emerson Hall, Cornell University, Ithaca, NY 14853 or lls14@cornell.edu.
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