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used as an N 
source for corn 
in organic grain 
production systems. 
How much N 
should be credited 
to the clover green 
manure is unclear. 
It is also unclear 
if the 5-week 
sampling restriction 
applies following 
termination of the 
clover cover crop in 

the spring. 
In this study we addressed the question: does clover 

plowdown result in an ammonium-N increase and hence 
influence ISNT-N results? The results of the first two years 
were reported in Godwin et al. (2009). Here we report the 3-yr 
summary. 

Methods
We monitored ISNT-N, ammonium-N and nitrate-N levels 
on a weekly basis under two contrasting management 
systems within the Cornell Organic Grain Cropping Systems 
Experiment initiated at the Musgrave Research Farm near 
Aurora, NY. As part of this experiment, five fertility treatments 
were implemented in 2005 with two entry points for a 
soybean-spelt/red clover-corn rotation (http://www.organic.
cornell.edu/ocs/grain/index.html). The corn years in the 
following two systems were sampled in 2007, 2008, and 2010:

System 2: Organic - organically managed corn planted • 
after one year old (cover crop) clover plowdown.

System 5: Conventional - conventionally managed corn • 
(starter plus sidedress N); no clover plowdown. 

Actual fertility amendments and their date of application are 
shown in Table 1. The conventional treatment was separated 
from the randomized block design for the other treatments. 
Plots were randomly split into two rotation entry points, so that 
one half of each plot was a year behind in the crop rotation 
sequence. The plots that were sampled for N dynamics were 

Introduction
The Illinois Soil 
Nitrogen Test (ISNT) 
is a new soil organic 
nitrogen (N) test 
developed by Kahn 
et al. (2001) that 
has been evaluated 
for use in New York 
State (NYS) corn 
systems over the 
past 6 years as an 
addition to the suite 
of potential adaptive 
N management tools such as the presidedress nitrate test 
(PSNT) and the corn stalk nitrate test (CSNT). 

The ISNT is conducted in enclosed incubation units in 
the laboratory and estimates ammonium-N and readily 
decomposable organic N (Klapwyk et al., 2005). The test was 
shown to be an accurate predictor of corn N responsiveness 
for 33 on-farm trials conducted in NYS when the test results 
were used in conjunction with loss-on-ignition (LOI) organic 
matter (Klapwyk and Ketterings, 2006). The test reflects past 
manure N credits, but samples should not be taken within 
5 weeks after manure application to isolate past manure 
additions and background soil N supply from ammonium 
N credits associated with the manure that was just applied 
(Klapwyk et al., 2006). 

In 2005-2008, an additional 34 N-rate studies were 
conducted. These studies indicated (1) 83% success rate 
for the test for corn two or more years after alfalfa/grass 
(Lawrence et al., 2009), and (2) potential for substantial 
savings in N fertilizer costs for farms with organic N sources. 
Corn following alfalfa or grass plowdown (1st year corn) did not 
respond to extra fertilizer N (Lawrence et al., 2008), but the 
breakdown of the sod did result in a temporary increase in soil 
ammonium levels and hence ISNT-N (Lawrence et al., 2009). 
These studies suggest that for ISNT results to accurately 
reflect background soil N supply potential, samples should not 
be taken within 5 weeks of sod turnover. 

Red clover undersown into a small grain crop is commonly 
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Results and Discussion
In 2007, the clover aboveground dry biomass was 1.6 ton/
acre. In 2008 and 2010, it was 2.4 and 1.5 ton/acre, respec-
tively. The year 2007 was a drought year with low corn grain 
yields (87 bu/acre), whereas both 2008 and 2010 were excel-
lent growing years (165 bu/acre in 2008 and 160 bu/acre in 
2010). 

In the organically managed system, ISNT-N levels re-
mained stable over time with coefficients of variation of 4.3, 
2.2, and 3.9% for 2007, 2008, and 2010, respectively. Such 
stability would suggest no buildup of ammonium-N over time, 
which was confirmed by the ammonium-N data for these 
years as well (Figure 1). 

The difference in total clover biomass between the years 
was directionally consistent with the height of the nitrate-N 
peak (just over 60 ppm in 2007, almost 90 ppm in 2008, 
and a little over 30 ppm in 2010; 0-8 inch samples). Clover 
incorporation increased soil nitrate-N levels over time with the 
greatest increase occurring after week 3. Peaks in nitrate-N 
were measured in week 5, showing that the timing of nitrate-N 
release from clover was very well aligned with the period of 
highest corn N needs. With weekly sampling, we were unable 
to detect an accumulation of ammonium-N. These results 
suggest that for the clover-based system, timing of ISNT 
sampling, is not restricted (i.e. sampling can occur before 

or after cover crop termination). In the 
conventional systems, sidedressing of 
ammonium nitrate greatly increased soil 
nitrate-N levels (large increase in nitrate-
N between weeks 4 and 5 in 2007, 
weeks 5 and 6 in 2008 and 2010; Figure 
1). The ammonium nitrate addition 
increased ammonium-N levels for 2-3 
weeks and this increase was reflected in 
ISNT-N values after sidedressing, espe-
cially in 2008 and 2010. This indicates 
that ISNT-N is not an accurate predictor 
of soil N supply from mineralization of 
soil organic matter if samples are taken 
within 2-3 weeks after addition of an 
ammonium-containing fertilizer, as at 
that time the ISNT-N value reflects both 
ammonium-N from the fertilizer and 

part of Entry Point A in 2007 and 2010 and Entry Point B in 
2008. 

Prior to plowing, we collected samples of aboveground 
clover biomass in system 2 plots (21 May 2007 and 2008, and 
11 May 2010). The initial soil sampling round (0-8 inch depth; 
12 cores per 120’ x 40’ plot) occurred prior to plowdown of 
the clover on 18 May 2007; 21 May 2008; and 10 May 2010 
(Table 1). The next sampling round occurred at plowdown (22 
May 2007; 22 May 2008; and 11 May 2010) and was followed 
by 8 additional sampling rounds at weekly intervals thereafter. 
Corn was planted 23-24 May 2007, 29 May 2008, and 20-21 
May, 2010. The conventional plots were sidedressed on 22 
June 2007 and 2 July 2008 with 265 lb/acre of ammonium 
nitrate (34-0-0). In 2010, 279 lb/acre of ammonium nitrate was 
sidedressed on 16 June. The plots in system 2 received 380 
lb of a dry organic starter fertilizer (2-4-2) in 2007 and 2008, 
and 294 lb/acre of a 3-4-11 starter in 2010. The corn in the 
conventional system was planted with 240 lb/acre of 10-20-20 
starter.

Soil samples were analyzed for ISNT-N in the Cornell Nutri-
ent Management Spear Program (NMSP) laboratory using 
the enclosed griddle modification of Klapwyk and Ketterings 
(2005). Soil samples were also analyzed for 2 N KCl extrac-
tion of exchangeable nitrate+nitrite and ammonium as de-
scribed in Mulvaney (1996).

Table 1. Fertility management for three corn years in the rotation study. 
2007 Entry Point A
2 - Organic Clover plowed down, 110 lb/acre N in top growth 21 May 2007

Starter: 380 lb/acre of dry starter (2-4-2) 23 May 2007
5 - Conventional Starter: 240 lb/acre of 10-20-20 23 May 2007

Sidedress: 265 lb/acre of 34-0-0 22 June 2007
2008 Entry Point B
2 - Organic Clover plowed down, 168 lb/acre N in top growth 21 May 2008

Starter: 380 lb/acre of dry starter (2-4-2) 29 May 2008
5 - Conventional Starter: 240 lb/acre of 10-20-20 29 May 2008

Sidedress: 265 lb/acre of 34-0-0 2 July 2008
2010 Entry Point A
2 - Organic Clover plowed down, 92 lb/acre N in top growth 11 May 2010

Starter: 294 lb/acre of dry starter (3-4-11) 21 May 2010
5 - Conventional Starter: 240 lb/acre of 10-20-20 20 May 2010

Sidedress: 279 lb/acre of 34-0-0 16 July 2010
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Figure 1: Soil nitrate-N, ammonium-N and ISNT-N following plowdown of clover in system 2 (Organic; A, C and E) and 
sidedressing of ammonium nitrate (34% N) in system 5 (Conventional; B, D, and F). Plots in the conventional treatment 
(system 5) were sidedressed after sampling in week 4 in 2007 and following sampling in week 5 in 2008 and 2010.



in cropping systems where N fertility is derived from a clover 
cover crop, the clover can supply sufficient N. Actual N supply 
will vary depending on the biomass produced and mineraliza-
tion conditions. The study also showed that ISNT sampling 
for assessment of soil N supply is not restricted in time where 
clover is a main source of N fertility, whereas sampling within 
2-3 weeks after addition of an ammonium containing fertilizer 
should be avoided.
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soil N supply from mineralization of soil organic matter (Figure 
1). 

The pre-sidedress nitrate test (PSNT) data for both systems 
confirm the increase in available N upon incorporation of a 
clover cover crop; averaged across plots, the PSNT results 
were 20, 29, and 16 ppm where clover had been plowed 
down in 2007, 2008, and 2010, respectively, consistent with 
the clover biomass difference among the years. In 2007 and 
2008, the average PSNT for the conventionally managed 
plots was 11 ppm. In 2010, it was 7 ppm. Because of the 
separation in space of the conventionally managed plots, 
we cannot conclude whether PSNT values are statistically 
different between the two treatments, but the weekly sampling 
and the PSNT results of the clover systems do suggest that 
the clover supplied a considerable amount of N. This is also 
confirmed by the fact that application of 1900 lb/acre of 4-5-2 
poultry manure compost in addition to the plowed down clover 
in the same experiment showed no yield increase (Caldwell 
et al., 2011). This suggests that in each of the three years, the 
nitrate-N released from clover decomposition was sufficient 
to meet the needs of the corn, despite the <21 ppm PSNTs 
in 2007 and 2010. There was a strong correlation between 
clover above ground N pool prior to plow down and PSNT 
in this study (PSNT (ppm) = 0.17 * Npool (lb N/acre; r2 = 
0.99), but additional datapoints, beyond the three years, are 
needed before conclusions can be drawn about the use of 
aboveground biomass and total N pool as indicators for N 
supply to the following corn crop.

Summary and Conclusions
Clover incorporation greatly increased the amount of 

available N for the following corn crop. Decomposition of the 
clover resulted in nitrate peaks 5-6 weeks after incorporation, 
well-aligned with N needs of the corn and showing that clover 
plowdown is an excellent choice for providing N to corn in or-
ganic and conventional production systems. Clover decompo-
sition did not result in ammonium-N accumulation. In contrast, 
the ammonium-containing fertilizer did increase ammonium-N 
levels for 2-3 weeks. This increase was measured by the 
ISNT procedure indicating that ISNT-N results for samples 
taken within 2-3 weeks after addition of an ammonium con-
taining fertilizer will not reflect soil N supply from soil organic 
matter only. This study needs to be duplicated at other loca-
tions, but our observations for the past three years are that 
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CruiserMaxx seed treatment greatly improved soybean 
emergence but only marginally improved soybean yields in 
field-scale studies in 2007 and 2008 (What’s Cropping Up?, 
Vol.19, No.1, p.4-5). We conducted field-scale studies (5-10 
acres in size) on three different farms in 2009 and 2010 to test 
two soybean varieties (AG2002 from Asgrow and 91Y90 from 
Pioneer) that were either treated with seed-applied insecticide/
fungicide, Cruisermaxx, or not 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 
seed-applied insecticide/fungicide. The participating farmers 
planted (drilled at 7 or 7.5 inch row spacing), sprayed, and 
harvested all studies while we took measurements, including 
soybean stands in June, yield (with our Weigh Wagon), 
and moisture. All sites were planted in mid- to late May and 
harvested in mid- to late October. We also conducted partial 
budget analyses of the data using only input costs ($52/ bag 
of seed with 3000 seeds/lb., $11/bag for seed treatment, and 
hauling costs of $ 0.20/bushel) that impacted relative profit 
when seeding rate or seed treatment varied. The weighted 
marketing year price for soybeans was $9.10/bushel in 2009 
and $11 in 2010.  We thank Bob DeWaine from Monsanto and 
Don Specker from 
Pioneer Hi-Bred for 
providing the high 
quantity of seed 
required to conduct 
these studies.

Although there 
were a few location 
by variety by 
seed treatment 
interactions, we 
will examine just 
the main effects of 
seeding rate and 
seed treatment in 
this news article to 
maintain brevity. 
When averaged 
across years, 
locations, varieties, 
and seeding rates, 

soybeans with seed-applied insecticide/fungicide had an 82% 
emergence rate (122,696 plants/155,000 seeds) compared 
with 69% (107,507/155,000) for the untreated seed (Table 1). 
Soybeans with seed-applied insecticide/fungicide compared 
with untreated seed averaged about 15,000 or 14% more 
plants/acre, which was similar to the 17.5% more plants/
acre for treated vs. untreated seed in the 2007-2008 study on 
different farms (What’s Cropping Up?, Vol.19, No.1, p.4-5). 
Clearly, the use of seed-applied insecticide/fungicide improves 
soybean stand establishment. We did not dig up many seeds 
so we are not sure if seed-applied insecticide/fungicide 
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 consistent between treated and 
untreated soybean seed.

When averaged across year, sites, varieties, and seeding 
rates, seed-applied insecticide/fungicide increased soybean 
yields by only 1.5 bu/acre or about 2.5% (Table 1), slightly less 
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Table 1.  Soybean stands in mid-June and yield at four seeding rates with or without seed-applied 
insecticide/fungicide treatment  at Livingston (Living.), Ontario, and Jefferson (Jeffer), counties, averaged 
across years (2009 and 2010) and varieties (AG2002 and 91Y90). Bolded numbers indicate maximum, 
statistical values.
SEEDING RATE                 STANDS                                               YIELD
Seeds/acre  LIVING.     ONTARIO    JEFFER.     AVG LIVING.     ONTARIO    JEFFER.   AVG.
Treated
110,000 --------------------Plants/acre-------------------  --------------------Bu/acre----------------------
140,000 87,384       108,036      1 00,018     98,479     60               49               56             55    
170,000 107,748     113,219      120,359     113,775   63               51               58             57   
200,000 132,419     127,429      134,150    131,333   63               50               58             57 
Avg.                 151,108     142,308      148,176    147,197   64               51               58             58

122,696                                                            57

Untreated
110,000                             76,098      102,176        98,978       92,417   57               47               56            53
140,000 92,940        95, 876     108,553       99,123    59               49               56            55     
170,000                              116,686      111,275     115,407     114,456   64               49               58            57
200,000 141,073     101,604     129,415     124,031    63               49               58            57
Avg. 107,507                                                          55       
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rate for the untreated seed (Table 2). Nevertheless, there was 
very little difference in profit between these maximum values 
indicating that increased costs of seed treatment negated the 
savings in planting at lower rates.

Conclusion
In New York and most of the USA, we are expecting a year 
of significant aphid feeding on soybeans, which begs the 
question “should soybean seeds be treated with insecticide/
fungicide?”  A seed-applied insecticide can provide up to  60 
days of protection from significant aphid feeding, keeping 
aphid numbers below the economic threshold level of 250/
plant.  The 2011 growing season may be a good year to use 
a seed-applied insecticide treatment to allow time for the 
beneficial insects to build up and keep aphid populations 
below economic injury levels thus saving on a foliar-applied 
insecticide application, which is not only a $25/acre or 
more input cost for spraying and material but also results 
in mechanical damage to the crop. If growers choose to 
use seed-applied insecticide/fungicide, they should reduce 
their seeding rate by about 20,000 seeds/acre to get the full 
economic benefit of seed treatment.

than the 2 bu/acre or the 4.6% yield increase in the 2007-2008 
study (What’s Cropping Up?, Vol.19, No.1, p.4-5). A seeding 
rate by seed treatment interaction occurred, however, as 
optimum yields for seed-applied insecticide/fungicide occurred 
at a seeding rate of about 140,000 seeds/acre, whereas 
the untreated seed had maximum yields at a seeding rate 
of about 170,000 seeds/acre (Table 1, based on regression 
analyses). Early stand counts in June that corresponded with 
maximum yields averaged 113,775 plants/acre in the treated 
and 114,456 plants/acre in the untreated seed. Obviously, 
there may be an opportunity to reduce seeding rates 
significantly while still maintaining critical stand establishment 
(~114,000 plants/acre in this study) to maximize yield with the 
use of a seed-applied fungicide/insecticide. The savings in 
seed costs with the use of a seed-applied insecticide/fungicide 
however, are partially offset by the cost of the seed treatment.

Seed costs increased slightly more than $9/acre with each 
30,000 seed/acre increase in seeding rate. In addition, seed 
treatment costs ranged from about $8/acre to over $14.50/
acre, depending upon seeding rate. Overall, seed treatment 
costs negated the return on the additional 1.5 bu/acre yield 
increase resulting in similar relative profit with or without the 
use of seed-applied insecticide fungicide treatment when 
averaged over 
years, locations, 
varieties, and 
seeding rates 
(Table 2). A 
seeding rate by 
seed treatment 
interaction 
occurred, 
however, for 
relative profit 
with maximum 
profit for treated 
seed occurring 
at about 140,000 
seeding rate 
and maximum 
profit occurring 
at about the 
170,000 seeding 
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Table 2.  Input costs (seed, hauling, and seed treatment) and relative profit  at four seeding rates with or 
without seed-applied insecticide/fungicide treatment at Livingston (Living.), Ontario, and Jefferson (Jeffer), 
counties, averaged across years (2009 and 2010) and varieties (AG2002 and 91Y90). Bolded numbers 
indicate maximum, statistical values.
SEEDING RATE                 INPUT COSTS              RELATIVE PROFIT

Seeds/acre  LIVING.    ONTARIO    JEFFER.     AVG LIVING.    ONTARIO     JEFFER.       AVG.
Treated -------------------------$/acre------------------------- -------------------------$/acre----------------------
110,000 55.95           53.78           55.22        54.98 546.29         441.90         511.46        499.89
140,000 68.45           66.11           67.55        67.37         559.69        446.66         516.21        507.52   
170,000 80.51           77.99           79.63        79.38 550.78         430.62         509.14        496.85
200,000 92.79           90.11           91.52        91.47 553.52         424.60         492.36        490.13
Avg.                                                                          73.30                                                             498.60

Untreated
110,000                             47.30           45.39           47.01        46.57  528.06         434.97        516.06         493.03   
140,000 57.49           55.52           56.94        56.65 537.52          442.43        511.19         497.04
170,000                              68.23           65.28           66.98        66.83 573.42          430.78        512.55         505.58
200,000 77.94           75.01           76.91        76.62 558.78          416.86        510.02         495.22
Avg.                                                            61.67                                                              497.72
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A Chemically Managed System was established as well 
using the same (non-GMO) seed varieties as the organic 
systems. This system was physically separated from the 
organic treatments to allow certification of the organically 
managed plots, but was included in each block of the 
experiment. In this system we used recommended rates of 
chemical fertilizers and herbicides. 

All systems used a 3-year soybean-spelt-corn rotation. 
Spelt is an ancient winter grain closely related to wheat, 
commonly grown on organic grain farms in NY. Medium 
red clover was frost-seeded into the spelt in the organic 
treatments to act as N-providing, green manure for the corn. 
This is a typical rotation for organic cash grain growers in 
central NY. Two of the three crops were grown each year (i.e. 
two entry points into the rotation). 

Corn and soybeans were planted in 30 inch rows. Corn 
seed was planted at a rate of about 29,000 seeds per acre, 
and soybeans at about 190,000 seeds per acre. To ensure 
that soybeans were harvested early enough to plant spelt, 
group 0 or early group 1 soybean varieties were used in this 
experiment. The organic systems were tine-weeded 1-3 times 
(generally twice) and cultivated 1-3 times (generally twice) to 
reduce weeds. In the Enhanced Weed Management System, 
an extra tine weeding or cultivation was done if this seemed 
potentially helpful, and tillage was more intensive In the 
Chemically Managed System, recommended pre-and post-
emergence herbicides were applied.

Spelt seed was drilled in 7.5” rows at 120 lb/acre (dehulled 
seed) or 145 lb/acre (whole seed). The Enhanced Weed 
Management System was seeded at a 30-50% higher rate to 
help suppress weeds with crop competition. Spelt received no 
further weed management in the organic systems, but spring 
and post-harvest herbicides were applied as needed to the 
Chemically Managed System. In the organic systems, spelt 
was undersown by broadcasting medium red clover seed in 
March, at a rate of 10-20 lb/acre. 

Per-acre crop financial budgets were constructed with the 
following assumptions:
     •  Field operation costs, including fuel and labor, 
followed the Valley section rates in the 2009 Pennsylvania 
Custom Rates bulletin (http://www.nass.usda.gov/
Statistics_by_State/Pennsylvania/Publications/Machinery_
Custom_Rates/custom09.pdf).

7

Organic
Management

Introduction
Fields transitioning to certified organic production undergo a 
mandated 3-yr transition period. This period starts after the 
last prohibited material was put on the field, often a fertilizer or 
pesticide applied to a previous conventional crop early in the 
season. Thus the first two transitional crops are grown under 
organic management but not marketed as organic; they are 
sold on the conventional market. If the 3rd crop is harvested 
after the 3-yr period, it can be sold on the organic market and 
typically receives a price premium.

During this transition period, farmers often encounter 
difficulties with soil fertility, weed management, yields, and 
profitability. Little research has been done in the Northeast to 
document this process and identify practices to ameliorate 
these difficulties. We report here on yields and profitability 
during and after the transition period. Preliminary trends 
in measures of soil health in this experiment and nitrogen 
dynamics in this experiment following clover cover crop 
incorporation were reported in previous articles (Isaacs et al. 
2008, WCU 18(1):5-7; Godwin et al., 2009, WCU 19(3):12-
15). Trends in soil fertility and weeds will be discussed in 
future articles.

Field Experiment 
In 2005, an organic grain cropping systems experiment was 
initiated on a previously conventionally-managed field at the 
Cornell University Musgrave Research Farm in Aurora NY. 
The soil type is a Lima silt loam, a moderately well drained, 
calcareous soil. Plots were 40 by 120 feet to accommodate 
field scale equipment. Treatments were replicated four times 
in an optimized randomized block split-plot design, where 
systems were the main plots and entry points into the crop 
rotation were the split plots.

The experiment included four organically managed 
comparisons:

(1) High Fertility System, with relatively high soil fertility inputs;
(2) Low Fertility System, with no fertility inputs except for corn 
starter fertilizer;
(3) Enhanced Weed Management System, which is similar 
to the Low Fertility System except that extra measures are 
implemented to suppress weeds.
(4) Reduced tillage system (not successful and hence also not 
discussed here).  

         Yields and Profitability During and After Transition in the Cornell 
Organic Grain Cropping Systems Experiment

Brian Caldwell1, Charles L. Mohler1, Quirine M. Ketterings2 and Toni 
DiTommaso1,1Department of Crop & Soil Sciences, and 2Department of Animal 

Science, Cornell University



The owner operator was assumed to do half of the • 
total labor for each crop; thus charges (computed at a 
nominal rate of $15/hr) for half of the total labor hours were 
added back into the operator net return totals.

Input costs were taken as of fall 2009. All inputs, • 
including manure and seed, are considered to be 
purchased rather than produced on-farm.

Hauling/drying costs were set at $0.60/bu (corn and • 
soybeans) and $0.30/bu (spelt).

Since the market for non-organic spelt is negligible, • 
soft winter wheat prices were used in spelt budgets for 
the Chemically Managed System and transitional organic 
systems. A 2000 lb/acre spelt yield was assumed to be 
equivalent to a 40 bu/acre yield of soft winter wheat1.

Overhead, including land, building and utility charges, • 
was set at $100/acre per year.

Prices for conventionally grown crops were set using • 
averages of yearly USDA price received for corn, soybeans, 
and wheat from 2005-2010, (2010 values were calculated 
from average monthly prices from October 2010 through 
January 2011):

  -Corn    $3.63/bu
 -Soybeans  $8.83/bu
 -Soft winter wheat $5.38/bu
 -As there is no standard conventional spelt price, this  
 was set at $0.12/lb based on input from our farmer  
 advisors

Organic crop prices were calculated assuming • 
premiums of 0, 30, and 50%.

 1Based on personal communications with OCS advisor farmers 
and reports from the University of Delaware http://kentagextension.
blogspot.com/2008/11/spelt-wheat-relative-for-grain.html  and the 
Ontario Ministry of Agriculture and Rural Affairs  http://www.omafra.
gov.on.ca/english/busdev/facts/pub60a13.htm. 

Results and Discussion
Yield
We hypothesized that yields of the Low Fertility System 
and the Enhanced Weed Management System would be 
similar over the transition period, but that improved weed 
management in the Enhanced Weed Management System 
might lead to better yields later. Harvest data showed yields 

of these two systems were statistically similar over all years 
of the two full rotations with the exception of spelt harvest in 
2006. In that year yield in the Enhanced Weed Management 
System was almost twice the yield in the Low Fertility System 
(Table 1), due a lower winter mortality rate and higher seeding 
density resulting in a better stand.  

We also hypothesized that the High Fertility System would 
have better corn yields than the Low Fertility System during 
the transition period. This was not the case either (Table 1). 
Corn yields in the three organic systems were similar, whether 
extra organic fertilizer was applied or not. 

We further hypothesized that overall organic yields would 
be lower than chemical comparison or County average yields 
during a “biological transition” period which might or might not 
correspond to the legally mandated NOP transition period. 
This tended to be the case until the 4th growing season for 
corn. Organic soybean yields have generally been similar to 
non-organic yields, while organic spelt yields were consistently 
lower.

Organic system corn yields ranged from 148 to 173 bu/
acre in 2008 and 2010, much higher than yields during 
transition. At least some of the apparent improvement in yield 
following transition might have been due to favorable weather 
conditions in those years. However, organic system corn 
yields were considerably lower than Cayuga County averages 
during the transition period and higher in 2008, suggesting 
a potential yield penalty during the transition years for corn. 
The lack of difference in corn yield between the High and 
Low Fertility Systems indicates that the plowed down clover 
provided sufficient N for corn growth, even in 2008 and 2010 
when corn yields were high. 

Soybean yields did not differ significantly among the three 
organic systems in any of the years. Soybean yields were 
similar to Cayuga County averages except for 2009, when 
soybean yields across the farm were lower than normal, 
reflecting local weather. Soybean yields during transition 
were only 3-6 bu/acre (<15%) lower than the county 
average. These slightly lower yields may have been due to 
a combination of the short season soybean varieties used in 
the experiment and the 30” row spacing needed to allow for 
cultivation. In contrast with the soybean, transition corn yields 
were over 30% lower than Cayuga County averages. This 
suggests that soybean is a better transition crop than corn. 

What's Cropping Up? Vol. 21 No. 2
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For spelt, yield differences among systems were large. 
Spelt yield was higher in the High Fertility System than in the 
Low Fertility System in three of the four spelt years, showing 
that supplemental fertilization usually benefits this crop. 
Organic farmers in central NY generally rely on residual fertility 
from inputs applied to corn for spelt and other winter grains. 
Our results suggest that a better strategy might be to fertilize 
the spelt rather than the corn during the transition period. 

In this experiment, the fertility application in the High 
Fertility System for spelt was 24-0-43 (N-P2O5-K2O, lb/acre) 
in 2006, 38-0-50 in 2007, and 30-39-18 in 2009 and 2010, 
the latter applied as 750 lb/acre of poultry manure compost 
before planting. Results to date support the hypothesis that 
application of manure or compost to spelt will likely increase 
spelt yields. This may be primarily due to additional N; 
however, the accompanying additions of P and K can also 
help make up for what is taken from the field by spelt and the 
other crops in the rotation.

The market for non-organic spelt is weak, so winter wheat 

might be a better 
choice during the 
transition period. 
Since wheat is 
so closely related 
to spelt, it would 
likely behave 
similarly in this 
rotation.

Return per acre
During the 
transition period, 
both spelt and 
corn had negative 
net returns per 
acre, since yields 
were low and 
they would have 
been sold on 
the conventional 
market (Table 2). 
In 2006 spelt was 

planted under poor conditions and its yield was unusually low. 
Soybeans usually had a positive net return, though less than 
typical chemically-managed glyphosate-resistant soybean 
crops would have. Corn grown with high rates of Chilean 
nitrate and manure or compost resulted in a sizeable negative 
return. These results suggest that emphasizing soybeans and 
avoiding corn during transition can be a way of minimizing 
losses. 

Once the transition period was over, the crops showed 
positive net returns higher than the chemically managed crops 
(Table 3). This is because of the 30% higher price assumed in 
this model for the certified organic crops. Without an organic 
premium, both entry points showed a negative 4-yr return for 
all organic systems (Table 4). With 50% organic premiums, 
which have occurred commonly in recent years, high returns 
are possible.

Organic
Management

Table 1. Cropping system yields. Means for organic cropping systems crops followed by different 
letters are different at P < 0.05 by the least significant difference test.

Crop Year Units

High 
Fertility 
System

Low 
Fertility 
System

Enhanced 
Weed 

Management 
System

Chemically 
Managed 
System

Cayuga 
County 

Average*
Corn 2005 Bu/acre 97   a 100   a 101   a 126 152
Soybeans 2005 Bu/acre 38   a 37   a 40   a 38 41
Soybeans 2006 Bu/acre 42   a 42   a 41   a 32 47
Spelt 2006 Lb/acre 1370   a 770   b 1320   a 1660 2700
Spelt 2007 Lb/acre 3150   a 1790   b 2110   b 3190 3000
Corn 2007 Bu/acre 88   a 87   a 83   a 88 136
Corn 2008 Bu/acre 164   a 165   a 171   a 155 149
Soybeans 2008 Bu/acre 47   a 44   a 43   a 42 45
Soybeans 2009 Bu/acre 31   a 30   a 37   a 33 43
Spelt 2009 Lb/acre 2940   a 2340   b 2320 ab 4150 3050
Spelt 2010 Lb/acre 1810   a 1390   a 1970   a 2700 n/a
Corn 2010 Bu/acre 173   a 160   a 148   a 176 n/a
* Cayuga County average spelt yields are not available. Estimates are calculated based on winter 
wheat yields, assuming a yield of 2000 lb/acre of spelt is equivalent to 40 bu/acre of wheat.
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Table 2. Net return ($/acre) for transition-period crops grown in differing cropping systems. Values were 
computed from yields and treatment practices in the experiment and production costs and grain prices as 
discussed in the Materials and Methods.

Crop       
High Fertility 

System
Low Fertility 

System

Enhanced Weed 
Management 

System

Chemically 
Managed 
System

Chemically Managed 
Glyphosate-

Resistant  
Soybeans*

Entry Point A
2005 soybean $-1 a $16 a $18 a      $29 $67
2006 spelt** -$256 b -$151 a -$122 a -$134 -134
2-year average -$129 a -$68 a -$52 a -$53 -$33
Entry Point B
2005 corn -$845 c -$607 a -$660 b -$108 -$108
2006 soybean $47 a $67 a $28 a $-21 $116
2-year average -$399 c -$270 a -$316 b $-65 $4
* Substituting Cayuga County soybean (nearly all glyphosate resistant varieties) yields for Chemically Managed 
System soybean yields and using typical glyphosate-based soybean weed management.
** Based on conventional soft winter wheat prices, assuming a spelt yield of 2000 lb/acre is equivalent to 40 bu/
acre of wheat.  

Table 3. Net return ($/acre) for certified organic (30% organic premium) and comparable conventional crops grown 
in differing cropping systems. Values were computed from yields in the experiment and production costs and grain 
prices as discussed in the Materials and Methods.

Crop       
High Fertility 

System
Low Fertility 

System

Enhanced Weed 
Management 

System

Chemically 
Managed 
System

Chemically Managed 
Glyphosate-Resistant  

Soybeans*
Entry Point A
2007 corn  -$265 b -$135   a -$165 a -$161 -$161
2008 soybean $155 a $208   a $190 a $31 $95
2009 spelt $145 a $99   a $57 a $38 ** $38**
2010 corn $145 a $188   a $163 a $95 $95
4-year average $45 a $90   a $61 a $1 $17
Entry Point B
2007 spelt $175 a $18   b $27 b -$42  ** -$42**
2008 corn $34 b $164   a $148 a $31 $31
2009 soybean -$43 b $35 ab $97 a -$58 $79
2010 spelt -$38 a -$44   a -$63 a -$107** -$107 **
4-year average $32 a $43   a $52 a  -$44 -10
*  Substituting Cayuga County soybean (nearly all glyphosate resistant varieties) yields for Chemically Managed 
system soybean yields.
** Based on conventional soft winter wheat prices, assuming a spelt yield of 2000 lb/acre is equivalent to 40 bu/
acre of wheat.  
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 Potential Implications
These results have practical implications for organic farmers 
and those planning to transition to an organic cropping sys-
tem, using this basic rotation on similar soils:  

•  The potential exists for heavy financial losses during 
transition. Farmers need to choose crops carefully to mini-
mize the losses.

•  Of the three crops grown in this experiment, corn suf-
fered the greatest yield depression during the transition 
years. Although additional research is needed, avoiding 
corn during transition might be well advised. Because of 
corn’s high demand for N, cost of production will be lowest 
when corn follows a legume hay or cover crop.

•  Soybeans produced relatively good yields during the 
transition and this crop may be a good candidate for the 
transition years.

•  After the transition period, a good stand of red clover 
plowed down in the spring before planting of corn can pro-
vide the necessary N for a good crop on this soil type. Ad-
dition of an organic fertilizer to corn (beyond starter) did not 
increase yields and lowered net returns in all four seasons.

•  Spelt responded to extra fertility. Producers might 

consider using moderate amounts of manure or compost 
to provide roughly 15-40 lb/acre each of N-P-K for organic 
winter grain crops.
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Table 4. Net return ($/acre) for certified organic crops grown in differing cropping systems. Values were computed 
from yields in the experiment and production costs and grain prices as discussed in Materials and Methods, with 0% 
or 50% organic premium.

0% Premium 50% Premium

Crop       

High 
Fertility 
System

Low 
Fertility 
System

Enhanced Weed 
Management 

System

High 
Fertility 
System

Low 
Fertility 
System

Enhanced Weed 
Management 

System
Entry Point A
2007 corn -$360 -$230 -$256 -$201 -$38 -$51
2008 soybean $30 $90 $77 $238 $285 $265
2009 spelt $39 $15 -$26 $216 $155 $113
2010 corn -$21 $7 $1 $271 $304 $272
4-yr average -$78 -$30 -$51 $131 $177 $150 
Entry Point B
2007 spelt $62 -$46 -$49 $251 $61 $78
2008 corn -$144 -$16 -$39 $154 $284 $273
2009 soybean -$125 -$45 -$2 $12 $88 $162
2010 spelt -$103 -$94 -$134 $6 -$10 -$16
4-yr average -$78 -$50 -$56 106 106 124
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A recent article in this newsletter introduced Kixor as a new 
active ingredient in several herbicides registered for soybeans 
in NY State.  Kixor alone is marketed as Sharpen.  Premix 
products include OpTill, a mixture of Kixor and Pursuit; and 
Verdict, a mixture of Kixor and Outlook.  Kixor is a PPO 
inhibitor or Group 14 herbicide.  Herbicides with this site 
of action are known as cell membrane disrupters because 
they cause a loss of plant cell wall integrity and subsequent 
leakage of cell contents.  This leads to rapid tissue necrosis 
and plant death.   As a result, some Group 14 herbicides 
can contribute to burndown of broadleaf weeds in zone/no-
tillage crops.  Products that contain Kixor also provide varying 
amounts of residual broadleaf weed control. 

Value of Burndown with Residual 
Most soybeans in the U.S. are glyphosate resistant, and an 
increasing acreage is planted in zone/no-tillage systems.  
The need for burndown herbicides in zone/no-tillage fields 
is usually determined by the amount of weed growth prior 
to, or at the time of planting.  Even in fields with low weed 
populations, it may be advantageous to control existing 
weeds with a burndown application that will provide residual 
control and expand the window for subsequent glyphosate 
application.  This two-pass approach results in excellent 
weed control because the postemergence glyphosate 
application is made to small weeds that have broken 
through, or that have been suppressed by the burndown 
herbicides.  Depending on the types of weeds present, 
burndown applications may or may not include glyphosate, 
a Group 9 herbicide. In either case, other herbicides that 
might be used would have different sites of action or ways 
of killing weeds.  The use of herbicides with different sites 
of action is important in resistance management plans 
designed to delay or prevent development of glyphosate-
resistant weed populations.    

Soybean Trials 
Zone-tillage soybean trials in 2009 and 2010 at Aurora 
focused on burndown and residual activity of several 
burndown treatments in two-pass programs.  Early preplant 
(EPP) burndown was evaluated with Roundup PowerMax 
alone, and in tank-mixes with 2,4-D LVE (low volatile ester), 
Sharpen, OpTill, Canopy EX, or Valor XLT.  While 2,4-D 

LVE (Group 4 herbicide) brings additional broadleaf weed 
burndown, it doesn’t provide significant residual activity.  
Sharpen (Group 14 herbicide) brings additional broadleaf 
burndown along with some residual broadleaf activity.  OpTill, 
the premix of Kixor and Pursuit (Group 2 herbicide) has 
additional residual broadleaf plus grass activity.  Canopy EX 
is a mixture of Classic and Express (both Group 2 herbicides).  
Finally, Valor XLT is a mixture of Valor (Group 14 herbicide), 
and Classic.  

EPP burndown applications were made on May 30, 
2009 and May 26, 2010 to weed populations dominated by 
emerged common ragweed and giant foxtail.  Burndown 
ratings made 12 days after treatment (DAT) in 2010 showed a 
difference in ragweed burndown among treatments.  Roundup 
alone, or in tank-mixes with 2,4-D LVE or with Canopy EX 
provided an average of 80% ragweed burndown 12 DAT 
(Table 1).  Tank mixes of Roundup with products that included 
Group 14 herbicides (cell membrane disrupters) like Sharpen, 
OpTill, or Valor XLT averaged 95% ragweed burndown.  
Foxtail burndown was excellent with all treatments. 

Soybeans were planted 11 and 13 days after the EPP 
burndown applications in 2009 and 2010 respectively.  
Residual weed control was evaluated 5 weeks after treatment 
(WAT) with burndown herbicides.  This evaluation was just 
prior to a blanket mid-postemergence (MPO) application of 
22 fl oz/A of Roundup PowerMax.  Although the untreated 
checks did not receive an EPP burndown application, they did 

Some Herbicides Provide Burndown and Residual Activity for 
Zone/No-Tillage Soybeans

Russell R. Hahn and R. J. Richtmyer III, Dept. of Crop and Soil Sciences, 
Cornell University

Table 1.  Common ragweed and giant foxtail burndown ratings 
made 12 days after treatment (DAT) with early preplant applications 
in zone-tillage soybeans in 2010 at Aurora, NY.  

Burndown
Herbicides*

Rate
Amt/A

% Burndown – 12 DAT
Ragweed Foxtail

Roundup PM 22 fl oz 78 100
 + 2,4-D LVE 1 pt 85 100
 + Sharpen** 1 fl oz 95 100
 + OpTill** 2 oz 99 100
 + Canopy EX** 1.1 oz 78 100
 + Valor XLT** 2.5 oz 90 100
*All early preplant burndown applications were made with 3.4 lb/A 
AMS.
**Applied with 1% (v/v) MSO (methylated seed oil).   



13

Weed
Management

receive the MPO Roundup application.  The ratings made just 
prior to this MPO application provided insight into the residual 
activity of the Roundup tank-mix partners.  Ragweed control 
5 WAT with Roundup alone or with 2,4-D LVE was 65 and 
70% respectively when averaged over the 2009 and 2010 
trials (Table 2).  Residual ragweed control with Roundup plus 
Sharpen or OpTill averaged 87%.  When Roundup was tank-
mixed with either Canopy EX or Valor XLT, residual ragweed 
control was near 100% 5 WAT.

Foxtail control 5 WAT with Roundup alone or in combination 
with either 2,4-D LVE or Sharpen averaged about 50% over 
the two years.  Burndown applications of Roundup plus OpTill 
averaged 91% residual foxtail control while Roundup tank-

mixes with Canopy EX or Valor XLT averaged 96% residual 
foxtail control.  The untreated checks, which did not receive 
a burndown application but did receive a MPO application of 
22 fl oz/A of Roundup PowerMax, averaged 43 bu/A over the 
two growing seasons.  Treatments that received a burndown 
application averaged 53 bu/A.  

These results demonstrate how some glyphosate tank-mix 
partners can enhance burndown activity and provide varying 
amounts of residual annual broadleaf and grass control. 

Soybean growers who use one of these or other tank-mix 
partners with EPP glyphosate burndown applications can 
expect excellent weed control while employing a strategy 
that should delay or prevent development of glyphosate-
resistant weed populations.  

Limitations and Restrictions
With EPP applications of 2,4-D LVE at 1 pt/A, there is a 
minimum 7 day waiting period before planting soybeans.  
There is no minimum preplant interval required between 
Sharpen, OpTill, or Verdict applications and soybean 
planting unless applications are made to coarse (sand, 
loamy sand, and sandy loam) soils with less than 2% 
organic matter.  A minimum preplant interval of 30 days is 
required for these soils.  

In NY State, Canopy EX is not labeled for use north 
of Interstate 90 and the application rate is limited to no 

more than 1.1 oz/A south of Interstate 90.  At this rate, 
soybeans can be planted a minimum of 7 days after Canopy 
EX application.  Valor XLT may be applied up to 3 days 
after planting but before soybeans emerge, however no 

more than 2.5 oz/A can 
be applied on soils with a 
composite pH of greater 
than 6.8.  These limitations 
and restrictions serve as 
a reminder to always read 
and follow label instructions, 
including those for the use of 
appropriate spray adjuvants 
when products are used for 
burndown in zone/no-tillage 
fields. 

What's Cropping Up? Vol.21 No. 2

Table 2.  Residual common ragweed and giant foxtail control 5 
weeks after treatment (WAT) with early preplant treatments in 
zone-tillage soybeans in 2009 and 2010 at Aurora, NY. 

Burndown
Herbicides*

Rate
Amt/A

% Control 5 WAT
Ragweed Foxtail

Roundup PM 22 fl oz 65 50
 + 2,4-D LVE 1 pt 70 55
 + Sharpen** 1 fl oz 85 51
 + OpTill** 2 oz 89 91
 + Canopy EX** 1.1 oz 100 95
 + Valor XLT** 2.5 oz 99 97 
*All early preplant burndown applications were made with 3.4 lb/A 
AMS.
**Applied with 1% (v/v) MSO (methylated seed oil).   

 Residual weed control 5 weeks after treatment with 22 fl oz/A of Roundup PowerMax on 
the left and with 22 fl oz/A of Roundup PowerMax plus 2.5 oz/A Valor XLT on the right.
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Background
Initial studies at a western New York State dairy farm showed 
that for corn fields with a recent manure history, starter 
nitrogen (N) fertilizer could be eliminated without losing yield 
or reducing forage quality. Eliminating starter N on corn fields 
with a manure history has the potential to deliver significant 
savings of time and money to dairy producers. In 2009, we 
initiated a 3-yr project to test the need for starter N fertilizer 
across New York State soil types and growing conditions. The 
objective of this study is to assess differences in yield and 
forage quality between corn that receives starter N fertilizer 
and corn that does not, on fields with varying manure history. 
Here we report the 2009 and 2010 results.

Materials and Methods
In 2009, seven trials were completed, including three trials 
at commercial farms and four at the Aurora Research Farm 
(Sites 1 through 7). In 2010, starter N response trials were 
established at eleven commercial farm locations and repeated 
at the Aurora Research Farm (Sites 8-21). Across all trials 
in 2009 and 2010, a total of four locations were lost due to 
planter issues, excessive moisture interfering with harvest, 
bird damage, or weed pressure. All other trials are included in 
this summary.

Results
Eleven sites had an ISNT-N level classified as “low soil 
N supply” (>7% below the critical value), three sites were 
“medium soil N supply” (within 7% of the critical value), while 3 
sites were “high soil N supply” (ISNT-N >7% above the critical 
value). 

Of the fields with high soil N supply (sites 19, 20, 21), 
the manure application alone was sufficient to meet the N 
needs of the crop; none of these three locations showed 
a yield increase with starter N use (Table 1). The CSNTs 
confirmed N was not limiting yield, and reflected for two sites 
an unnecessary sidedress N application (sites 20, 21). Used 
in this way, the data suggest that the ISNT can help identify 
fields that will not benefit from starter or sidedress N.  

Of the sites that were classified by the ISNT as medium 
in soil N supply, all received manure and none responded to 
starter N. The CSNTs were classified as optimal (site 13) or 
excess (sites 3, 14) indicating the fields received sufficient or 

more than sufficient N (Table 2). Thus, manure application can 
replace starter and sidedress N for soils with a medium soil N 
supply potential.

The sites classified as low in soil N supply (i.e. soil N alone 
is not expected to supply sufficient N for the corn crop that 
year) included the trials at Aurora with no manure history 
(sites 6 and 11), with limited manure history (sites 4, 5, 7 in 
2009, and 9, 10, 12 in 2010) plus three on-farm locations 
(sites 8, 15, 16). The results of sites 6 and 11 (significantly 
higher yields in 2010 with starter N and a similar (though not 
statistically significant) trend in 2009) suggest that starter N is 
needed for fields that do not have a sufficient soil N supply as 
measured by the ISNT and are managed without manure.

At the other 3 sites at the Aurora Research Farm (4, 5, 7 
in 2009; 9, 10, 12 in 2010), liquid manure had been applied 
at a rate of ~8,000 gallons/year over the past 5-6 years. 
Manure application increase ISNTs over time (compared to 
sites 6 and 11), but after 5-6 years of manure application the 
ISNT of these sites was still classified as low. Of these six site 
years, three showed a significant yield increase with starter 
N addition while a similar trend was seen for the other three 
sites (Table 1).  These same sites exhibited deficient CSNTs, 
suggesting that the specific manure history was not enough 
to increase soil N supply to levels high enough to supply 
the N needed by the crop and that the current year manure 
applications were also insufficient to meet N needs of the 
crop. Under these conditions, the starter N application was 
needed.

Of the remaining three on-farm sites with low soil N supply 
potential, two sites had CSNTs in the optimal range (without 
starter). A lack of a yield response to starter N illustrated that 
for these locations, the current year manure supplied sufficient 
N and starter N was not needed. The very high CSNT of site 
15 (>5000 ppm) illustrates that the sidedress N application 
was not needed.

Of the silage trials, two locations showed a significant 
increase in crude protein and/or soluble protein with starter 
N addition (Table 3). Only one site showed a change in NDF 
(decrease, site 21) with starter N addition. Lignin and starch 
were not impacted. Elimination of starter N did not result in 
significant differences in milk per ton or per acre estimates 
(results not shown), suggesting omission of starter N is more 
likely to impact yield than quality.

Can Manure Replace the Need for Starter Nitrogen Fertilizer?
Quirine M. Ketterings, Greg Godwin, Sheryl N. Swink, Joseph Foster, Eun 
Hong, Karl Czymmek, Alex Wright, Mike Hunter, Joe Lawrence, Stephen 
Canner, Carl Albers, Aaron Gabriel, Eric Young, Tom Kilcer and Peter Barney
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Table 1. Stand density, percent moisture, and corn yield as influenced by application of 30 lbs of starter N fertilizer/acre at planting in 2009 
(Sites 3-7) and 2010 (Sites 8-21). 
ID Treatment Density MC Corn yield Manure history and ISNT** values

pl/acre % ton/acre   bu/acre
4 Starter

No Starter
28,579 *
28,579 *

18.2 a
17.4 a

.

.
112 a
109 a

Manure aerator incorporated in spring at 
~8,000 gal/acre (5 yrs). ISNT=261 ppm (L).

5 Starter
No Starter

29,513 *
29,513 *

18.3 a
17.6 a

.

.
119 a
105 b

Manure chisel incorporated in spring at 
~8,000 gal/acre (5 yrs). ISNT=252 ppm (L).

6 Starter
No Starter

29,394 *
29,394 *

18.1 a
19.0 a

.

.
144 a
126 a

No manure history. Sidedressed.
ISNT=224 ppm (L).

7 Starter
No Starter

28,885 *
28,885 *

18.5 a
18.2 a

.

.
103 a
  91 a

Manure surface applied in spring at ~8,000 
gal/acre (5 yrs). ISNT=253 ppm (L).

9 Starter
No Starter

27,885 a
24,640 b

16.6 b
17.2 a

.

.
150 a
138 b

Manure aerator incorporated at ~8,000 
gal/acre (6 yrs). ISNT=257 ppm (L).

10 Starter
No Starter

29,124 a
27,863 a

16.6 a
16.9 a

.

.
160 a
151 a

Manure chisel incorporated at ~8,000gal/acre 
(6 yrs). ISNT=248 ppm (L).

11 Starter
No Starter

27,576 a
24,107 b

16.9 b
17.3 a

.

.
173 a
147 b

No manure history. Sidedressed. ISNT=230 
ppm (L).

12 Starter
No Starter

27,683 a
26,208 a

16.7 a
17.0 a

.

.
141 a
125 b

Manure surface applied at ~8,000 gal/acre (6 yrs). ISNT=245 
ppm (L).

8 Starter
No Starter

25,706 a
25,626 a

67.1 a
67.0 a

19.2 a
20.0 a

.

.
Manure chisel incorporated at 5,000 gal/acre each spring. 
ISNT=235 ppm (L).

16 Starter
No Starter

29,442 a
29,186 a

68.3 a
67.7 a

18.0 a
19.1 a

.

.
Manure surface applied 12,000 gal/acre per year. ISNT=247 ppm 
(L).

15 Starter
No Starter

37,897 a
37,571 a

60.1 a
61.2 a

24.7 a
24.9 a

.

.
Manure chisel incorporated at 4,000 gal/acre in 2010; 20 tons/
acre before. ISNT=216 ppm (L). Sidedressed.

13 Starter
No Starter

32,390 a
31,097 a

65.0 a
65.8 a

19.1 a
20.0 a

.

.
4,000 gal/acre incorporated 2008 (1st yr corn); 10,000 gal/acre in 
2009. ISNT=290 ppm (M).

3 Starter
No Starter

25,134 a
25,014 a

67.3 a
65.6 a

25.4 a
24.9 a

.

.
Winter manure additions plus 6,000 gal/acre before planting. 
ISNT=341 ppm (M).

14 Starter
No Starter

37,952 a
37,952 a

59.6 a
57.9 a

21.2 a
20.6 a

.

.
Manure surface applied winter and spring at 8,000-9,000 gal/
acre. ISNT=315 ppm (M).

19 Starter
No Starter

30,492 a
30,982 a

49.8 a
50.1 a

30.3 a
29.5 a

.

.
Injected 11,400 gal/acre 2010; no manure 2009; 7,400 gal/acre 
2008. ISNT=334 ppm (H).

20 Starter
No Starter

30,546 a
33,106 a

67.9 a
66.5 a

20.0 a
21.1 a

.

.
Chisel incorporated 2,000 gal/acre 2009, 2010; surface applied 
6,000 gal/acre June/Aug 2008. ISNT=344 ppm (H). Sidedressed.

21 Starter
No Starter

31,908 a
31,581 a

67.9 a
68.9 a

23.8 a
23.6 a

.

.
Surface applied 17 tons/acre Dec 2009; 16,000 gal/acre 2008; 5 
tons/acre 2007. ISNT=344 ppm (H). Sidedressed.

*Only one stand density (mean of reps) available for combined starter/no starter at this site, no statistical analysis possible. 
** Illinois Soil Nitrogen Test – (L, M, H) indicates the soil N supply was low (L, yellow), medium (M, orange), and high (H, green) for corn. 
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Table 2. Soil nitrate (NO3-) (0-8 and 0-12 inch depths), presidedress nitrate test (PSNT), and corn stalk nitrate test (CSNT) as 
influenced by the amount of banded N fertilizer at planting (0 versus 30 lbs N/acre) in corn trials conducted in 2009 (Sites 3-7) 
and 2010 (Sites 8-21). Stalks in the grain trials (4-7 and 9-12) were sampled at a whole plant moisture content of 35%.

At Sidedress Time At Harvest
Site ISNT Treatment Nitrate-N PSNT Nitrate-N Nitrate-N CSNT

0-8 inch 0-12 inch 0-8 inch 0-12 inch
lbs/acre ppm lbs/acre ppm ppm

4 0.91
L

Starter
No Starter

11 b
17 a

7 a
8 a

Deficient
Deficient

23 b
27 a

5 a
7 a

94 a
90 a 

Deficient
Deficient

5 0.90
L

Starter
No Starter

18 a
21 a

12 a
  9 a

Deficient
Deficient

22 b
28 a

6 a
7 a

94 a 
105 a 

Deficient
Deficient

6 0.88
L

Starter
No Starter

  4 b
11 a

6 a
4 a

Deficient
Deficient

16 a
18 a

4 a
5 a

160 a  
208 a  

Deficient*
Deficient*

7 0.90
L

Starter
No Starter

14 a
14 a

9 a
7 b

Deficient
Deficient

20 a
25 a

5 a
6 a

104 a 
94  a

Deficient
Deficient

9 0.88
L

Starter
No Starter

67 a
74 a

55 a
56 a

Sufficient
Sufficient

21 a
20 a

15 a
17 a

182 a
99 a

Deficient
Deficient

10 0.86
L

Starter
No Starter

63 a
67 a

61 a
51 a

Sufficient
Sufficient

22 a
21 a

18 a
15 a

80 a
89 a

Deficient
Deficient

11 0.82
L

Starter
No Starter

36 a
36 a

29 a
26 a

Sufficient
Sufficient

18 a
18 a

16 a
14 a

827 a
669 a

Optimal*
Optimal*

12 0.85
L

Starter
No Starter

57 a
64 a

47 a
50 a

Sufficient
Sufficient

21 a 
22 a

15 a
15 a

129 a
83 a

Deficient
Deficient

8 0.84
L

Starter
No Starter

84 a
79 a

57 a
54 a

Sufficient
Sufficient

13 a
10 a

7 a
5 b

1,661 a
463 b 

Optimal
Optimal

16 0.81
L

Starter
No Starter

66 a
66 a

33 a
31 a

Sufficient
Sufficient

40 a
31 a

33 a
25 a

2,552 a 
1,174 a 

Excess
Optimal

15 0.81
L

Starter
No Starter

130 a
142 a

52 a
45 a

Sufficient
Sufficient

158 a
131 a

44 a
53 a

7,838 a 
5,938 a 

Excess*
Excess*

13 1.01
M

Starter
No Starter

96 a
76 a

31 a
33 a

Sufficient
Sufficient

20 a
24 a

10 a
  9 a

1,225 a
818 a

Optimal
Optimal

3 1.07
M

Starter
No Starter

60 a
52 a

34 a
30 a

Sufficient
Sufficient

63 a
47 a

27 a
27 a

5,154 a 
5,017 a

Excess
Excess

14 1.05
S

Starter
No Starter

124 a
117 a

55 a
53 a

Sufficient
Sufficient

42 a
25 b

18 a
11 a

10,135 a
9,164 a

Excess
Excess

19 1.10
H

Starter
No Starter

80 a
81 a

59 a
66 a

Sufficient
Sufficient

30 a
32 a

14 a
16 a

4,817 a 
4,164 a 

Excess
Excess

20 1.13
H

Starter
No Starter

54 a
57 a

25 a
27 a

Sufficient
Sufficient

38 a
38 a

16 a
16 a

4,484 a
4,599 a

Excess*
Excess*

21 1.12
H

Starter
No Starter

42 a
50 a

24 a
23 a

Borderline
Borderline

67 a
90 a

24 a
33 a

9,326 a
10,051 a

Excess*
Excess*

*Sidedressed in addition to receiving manure (sites 15, 20, 21) or without manure history (6, 11).
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Preliminary Conclusions
Results to date suggest a new twist to the ISNT: on fields 
where P and K fertility are high, and manure is applied, no 
starter or sidedress N is required when soil N supply potential 
is high as measured by the ISNT. Fields without a manure 
history (past and current year) and low soil N supply require 
starter N addition for optimal yield. When soil N supply alone 
is insufficient to meet crop N needs (ISNT=low), manure could 
replace the need for starter N, but sufficient N will need to be 
supplied one way or another; use the CSNT to adjust rates 
over time. In 2011, the final year of this project, we hope to 
add another 15-20 locations to this dataset before drawing 
final conclusions. 
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Table 3. Crude protein, soluble protein, neutral detergent fiber (NDF), digestible NDF (dNDF), lignin, and starch as influenced by 30 
lbs/acre of starter N fertilizer. In grey background are sites where starter N increased quality parameters with a P value of 0.05 (95% 
certainty level). 
Site Treatment Crude protein Soluble protein NDF dNDF Lignin Starch

------------% of dry matter----------- % NDF ---% of dry matter---
8 Starter

No Starter
8.0 a
7.9 a

1.6 a
1.6 a

46.4 a
43.8 a

67.6 a
66.5 a

3.5 a
3.3 a

29.3 a
31.4 a

16 Starter
No Starter

8.3 a
7.8 a

2.0 a
1.9 b

39.3 a
37.5 a

70.2 a
70.2 a

2.8 a
2.7 a

34.5 a
37.2 a

15 Starter
No Starter

8.3 a
8.3 a

2.2 a
2.4 a

47.0 a
46.1 a

61.2 a
60.6 a

3.6 a
3.5 a

28.7 a
30.0 a

13 Starter
No Starter

7.8 a
7.9 a

1.8 a
2.0 a

40.5 a
39.6 a

69.8 a
67.3 a

2.8 a
2.7 a

34.6 a
35.6 a

3 Starter
No Starter

8.3 a
7.3 b

2.4 a
2.1 b

42.2 a
42.5 a

65.2 a
64.1 a

3.2 a
3.0 a

33.6 a
34.7 a

14 Starter
No Starter

7.8 a
7.7 a

2.1 a
2.2 a

40.0 a
41.1 a

64.3 a
64.7 a

3.1 a
3.1 a

40.4 a
38.6 a

19 Starter
No Starter

8.1 a
8.1 a

1.7 a
1.8 a

36.4 a
34.2 a

74.8 a
72.1 a

2.4 a
2.4 a

43.6 a
46.1 a

20 Starter
No Starter

7.9 a
7.6 a

2.1 a
2.0 a

46.1 a
46.0 a

64.6 a
63.1 a

3.5 a
3.3 a

30.8 a
31.7 a

21 Starter
No Starter

9.2 a
8.9 b

2.5 a
2.5 a

35.9 b
39.6 a

77.5 a
77.0 a

2.4 a
2.5 a

37.9 a
34.1 a
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Soybean acreage continues to expand in New York with 
many first-time growers now planting the crop. Many of the 
new growers plant with a corn planter instead of a grain drill, 
which has been the almost exclusive planter for soybeans 
in NY over the last 20 years. Also, some experienced 
soybean growers, who no longer plant wheat, have switched 
to a corn planter to save on equipment costs. In addition, 
some growers are purchasing new row crop planters with 
inter-units allowing for corn planting in 30-inch rows and 
soybean planting in 15-inch rows. With that in mind, we 
conducted a variety (Pioneer 91Y90 and Asgrow 2002) by 
row spacing (7.5, 15, and 30 inch) by seeding rate (130,000, 
150,000, 170,000, and 190,000 seeds/acre) study at the 
Aurora Research Farm in 2008 and 2009. We reported that 
drilled soybean (7.5 inch rows) had about a 6% higher yield 
than soybeans in 15-inch rows and about a 14% higher 
yield than soybeans in 30-inch rows (Table 1). In our small 
plot study, however, we do not run over the soybeans with 
postemergence applications of Roundup in June or other 
pesticide applications in July or August. Consequently, our 
study indicates the potential yield and not the actual yield 
increase because we do not experience yield losses via 
mechanical damage to soybeans at 7.5 inch or 15-inch row 
spacings.

In 2010, we initiated field-scale row spacing by seeding rate 
studies on three farms to evaluate the interaction of these 
two variables when mechanical damage to the soybean crop 
may occur via wheel tracks. We planted AG2002 in Cayuga 
Co. on 5 May, at Livingston Co. on 24 May, and in Jefferson 

Co. on 26 May. Only one application of Roundup was used 
at Cayuga and Jefferson Co. so only one set of wheel tracks 
damaged soybeans in mid-June, when mechanical damage is 
at its lowest. At Livingston Co., a preemergence herbicide was 
used and no postemergence applications were made so no 
wheel-track damage was incurred. 

The early planting date at Cayuga Co. coupled with the 
zone tillage operation into heavy corn residue probably 
contributed to final stands of only 61 to 67% for both seeding 
rates in 7.5 and 15-inch rows (Table 2). Soybeans in 30-inch 
rows, however, had final stands that were 74% of seeding 
rates but yields were not significantly different among row 
spacings at this site (Table 2, CV of 9% for yield). At the 
Livingston Co. site, drilled soybeans in 7.5 inch rows only 

had final stands 
that were 65% 
of seeding rates 
compared to about 
84% at the other 
two row spacings, 
but yields were 
actually highest 
for drilled beans 
(Table 2, CV of 
3%). At Jefferson 
Co., final stand 
ranged from 
82% for drilled 

Field-Scale Row Spacing by Seeding Rate Studies in Soybeans
Bill Cox, Phil Atkins, and John Orlowski, Crop & Soil Sciences, 
Cornell University

Table 1.  Row spacing and seeding rate effects on final stands and yield of a Pioneer and Asgrow 
soybean variety, averaged across the 2008 and 2009 growing seasons, at the Aurora Research Farm.

ROW SPACING (in.)
7.5 15 30 7.5 15    30              Avg.

SEEDING RATE FINAL STAND YIELD
Seeds/acre --------plants/acre---------- ---------bu/acre---------

130,000 100,000 91,100 85,805 51 46    40                46
150,000 105,260 87,860 99,190 48 44    44                46
170,000 127,935 119,840 117,005 53 49    45                49
190,000 122,265 133,605 126,725 49 48    44                47

Avg. 113,865 108,101 107,181 50 47    43
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soybeans in 7 inch rows and 97% for soybeans in 30-inch 
rows but yields did not differ among row spacings at this site.  

 
Conclusion
Preliminary data indicated no yield difference among row 
spacings under field-scale conditions when averaged across 
the three locations in this study (Table 2). The 2010 growing 
season was an excellent year for soybeans in NY and 
soybeans grew rapidly and filled in the rows by early August in 

30-inch rows, which does not always occur in all years. 
Consequently, yields did not differ among row spacings. 
We will conduct this study another year and John Orlowski, 
a graduate student at Cornell, will conduct a partial budget 
analyses on the different row spacings at the two seeding 
rates in the late fall of 2011 from data derived from this study. 
This information will be shared with the NY farming community 
in winter workshops in 2012 as well as in this news letter in 
the late winter/early spring of 2012. 

Table 2.  Row spacing and seeding rate effects on final stands and yield of AG2002 soybean variety in field-scale 
studies on farms in Livingston (LIVING.), Cayuga, and Jefferson (JEFFER.) Counties in NY in 2010.

LIVING. CAYUGA JEFFER.      LIVING. CAYUGA   JEFFER.     AVG.
ROW SPACING/RATE FINAL STAND YIELD
Seeds/acre --------plants/acre---------- ---------bu/acre---------
7.5 INCH                  
125,000   86,154 83,455 102,348       63 50   51                   55
170,000 106,397 97,841 139,217      65 52 53 57
Avg. 96,276 90,648 120,782      64 51 52 56

15 INCH
125,000 112.210  80,162 159,703      62 52   50                   55
170,000 158,785 120,108 170,040      63 54 51 56
Avg. 135,498 100,135 164,872      63 53 51 56

30 INCH
125,000 106,613 90,877     122.051      61 54 51 56
170,000 159,703 137,435     163,563      62 56 51 56
Avg. 133,158 109,595     142,807      62 55 51 56
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Introduction
Growing concerns with the impacts of excess nitrogen from 
agriculture on air and water quality has led to increasing 
oversight and regulation of farm fertility and manure handling 
practices. Nitrogen is subject to numerous transformation 
processes (volatilization, immobilization, mineralization, 
denitrification, and biological fixation) and can enter the soil 
via fertilizer, manure, N fixation (legumes), crop residues, or 
through atmospheric deposition. Assessment of N balances 
can help address questions related to opportunities for 
improvement in N use through greater N conservation and/
or export or import. In this study for New York (NY), we 
calculated (1) gross N balances (generally accounts for all N 
inputs and outputs, including N lost through volatilization that 
does not reach cropland), and (2) cropland (net) N balances 
(excluding N lost to the air through volatilization of ammonia 
from manure prior to application to the soil).

How were balances derived?
Gross N balances for non-legume cropland were determined 
as the difference between major N inputs (manure and 
fertilizer) and outputs (harvested crops). In excluding legume 
crops, it was assumed that legume N uptake was equal 
to legume N fixation and that they received no fertilizer N. 
Balances were derived at the state and county level for U.S. 
Census of Agriculture (Census) years 1987, 1992, 1997, 
2002, and 2007. The Census supplied animal population 
data, crop yields and acreage, and cropland use at state and 
county levels. Gross N balances are calculated with manure N 
estimates as excreted. Based on data from the literature, we 
estimated 35% of total N excreted by dairy cattle was lost from 
manure to volatilization during housing and storage in systems 
typical of NY; we applied this reduction to the 2007 gross N 
balance calculations to estimate cropland (net) N balances. 
For twelve of NY’s 62 counties (including the five boroughs 
of New York City) it was not possible to develop N balances 
due to (1) little (<2000 acres) or no harvested cropland, 
(2) incomplete disclosure of county level crop yields in the 
Census, and/or (3) gross misattribution of fertilizer sales at the 
county level (Albany County).

A word of caution
The N balances were developed to quantify gross and 

cropland net N released to the environment in excess of crop 
removal and to derive general trends in gross agricultural 
N balances over time. These balances are partial balances 
because of the inability to accurately determine all N inputs 
and outputs for cropland. They should not be equated to 
annual N losses; a higher N balance may indicate greater 
N loss potential, but actual N losses will depend on within-
farm distribution of N, landscape patterns, soil resources and 
management, and climate or weather patterns.

What did we find?
In 2007, the most recent U.S. Agricultural Census year, N 

inputs to non-legume cropland were estimated at 138.5 and 
230.2 million lb of N for fertilizer and manure, respectively. 
Non-legume crops removed 227.9 million lb of N, resulting in 
a 2007 gross N balance of +140.7 million lb or +55 lb N per 
acre. County-level balances on a per acre basis ranged from 
negative in six counties to more than twice the state average 
in three western NY counties (Figure 1). 

Nitrogen balances for New York State: Implications for 
manure and fertilizer management
Sheryl N. Swink, Quirine M. Ketterings, Larry E. Chase, Karl J. Czymmek, 
Mike E. van Amburgh, Cornell University, Department of Animal Science

Figure 1: Gross nitrogen (N) balance per acre harvested cropland 
for 50 New York State counties in 2007. This assessment excluded 
legume crops and acreage (assumptions: no N fertilization of legume 
crops and that crop N uptake was equivalent to legume N fixation). 
The manure N excretion was assumed to be 328 lb per cow per year 
(i.e., herd nutrition improvements not yet taken into account).
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Fertilizer use explained 67% of the N balance on a per acre 
basis across all 50 counties, whereas manure N explained 
only 25% of the N balance on a per acre basis (Figure 2). 

The 2007 New York state balance (+55 lb N per acre) showed 
a 50% reduction from the gross N balance in 1987 (+112 lb 
N per acre), largely due to decreases in fertilizer N inputs and 
increases in crop removal of N reflecting higher yields per 
acre for major crops (see Figure 3).

Potential Impact of Improved Herd Nutrition on N 
Balances
A number of dairy herds in NY have made reductions in ration 

N levels in the last few 
years. As an example, 
N excretion can be 
reduced from 328 lb N 
per cow per year to 247 
lb N per cow per year 
by lowering ration crude 
protein (CP) from 18.3 to 
14.2%. This lowers daily 
N excreted in the manure 
from 0.9 to 0.68 lbs/cow/
day. These calculations 
are for a cow producing 
65 lbs of milk per day. 
Application of improved 
diet management and 
the above reduction in N 
excretion to all herds in the 
2007 N balance equation 
results in a 28% reduction 
from the current 2007 N 
balance of +140.7 million 
lb (+70,344 tons), and a 
reduction of the N balance 
from +55 lb N per acre to 
+40 lb N per acre. Lower 
CP diets for dairy cattle 
have also been shown 
to reduce the portion of 
total N that is excreted 
in urine as compared 
to feces, significantly 
reducing volatile N losses 

in the form of ammonia and nitrous oxide from stored manure. 
The shift to a greater proportion of total N excreted as fecal 
N versus urinary N can reduce N loss per unit N applied 
(i.e., increase N uptake efficiency of manure N), especially 
important if direct incorporation of manure is not feasible.

Figure 2: Relationship between nitrogen (N) balance for non-legume NY cropland and (A) manure N per acre 
non-legume harvested cropland, and (B), N fertilizer use (lb N per acre non-legume harvested cropland) for 
50 NY counties (2007 data).
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Post Excretion N Losses and Cropland N Balance
Assuming 35% of total N excreted by dairy cattle is lost to 
volatilization in the barn and manure storage in systems 
typical of NY, only 153 million lb (76,496 tons) of the total N 
in manure could potentially be land-applied, resulting in a 
cropland N balance on a per unit cropland basis of +25 lb 
per acre, less than half that of the gross N balance of +55 
lb per acre. This adjustment in manure N available for land 
application resulted in negative cropland total N balances in 
three regions, ranging from −9 lb N per acre in southern NY 
to −15 lb N per acre in northern NY. Long Island retained the 
highest cropland N balance +90 lb N per acre, while western 
NY had an adjusted cropland N balance of +41 lb N per 
acre, reflecting the higher level of fertilizer N use in these two 
regions than in the three regions with negative balances. A 
reduction in total manure N by 40%, reflecting a maximum 

N use efficiency of 60% for spring-applied, incorporated 
manure, further lowered the N balance for NY from +25 lb 
N per acre to +1 lb N per acre. A more realistic scenario in 
which manure is surface-applied without incorporation and 
the fertilizer use efficiency is 75%, this balance became 
−34 lb N per acre. This negative N balance indicates the 
need for best management practices that increase N use 
efficiency of manure and fertilizer and/or add N from other 
sources (cover crops, greater reliance on N fixation, shorter 
rotations, etc.).

Conclusions
Nitrogen balances in terms of crop production can shift 
dramatically depending upon dairy ration and management 
of N sources, especially manure and ammonia volatilization. 
Best management practices that reduce N loss in the 

Figure 3: Total amount of nitrogen (million lb N) in (a) manure, (b) fertilizer, (c) crop removal, and (d) the N balance 
for 1987, 1992, 1997, 2002, and 2007 for NY (soybean and alfalfa hay excluded). Reductions in manure N excretion 
due to changes in management of animal diet over time are not reflected in these balances.
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barn and storage, increase manure and fertilizer N uptake 
efficiency, and/or reduce N needs will be essential in order 
to balance N and P for the long-term sustainability of NY 
agriculture. 
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