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Introduction
Pioneer Hi-Bred is committed to helping growers under-

stand ways to increase their crop yields while reducing overall 
risks . Achieving top yields begins with selecting the appropri-
ate seed products for each field and then ensuring that crop 
receives sufficient fertilizer, and is protected from yield-robbing 
insects, diseases and weeds . That’s why Pioneer has invested 
in an extensive Agronomy Sciences effort for many years .      

Pioneer Agronomy Sciences researchers conduct and re-
port on extensive crop management studies on farmers’ field 
and research sites across North America . Though weather 
and its effect on crop and pest development are beyond grow-
ers’ control, best management practices derived from Pioneer 
studies can help growers maximize gains on variables they can 
control . 

Within Canada, we have recently added new positions to 
support and expand our Agronomy Sciences team . Our new 
Agronomy Trials Managers, located in both Eastern and West-
ern Canada, are responsible for planning and conducting on-
farm agronomy field trials and demonstrations that address 
local agronomic needs, while providing valuable crop manage-
ment knowledge and service to area growers . These new posi-
tions and expanded agronomic testing efforts are just another 
way Pioneer is helping to deliver local agronomic service and 
expertise to growers . 

We hope this Agronomy Research Summary helps you in-
crease your yields and profitability in the 2012 season!
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We gratefully acknowledge these additional authors  
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John Shanahan and Jake Vossenkemper
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Foliar Fungicide Effects on Corn Yield
Foliar fungicides have gained acceptance as effective 

tools for managing foliar diseases and protecting yield in corn . 
Over the span of only a few years, fungicide treatments went 
from a mostly new and untested practice to a trusted compo-
nent of many growers’ management systems . Over the past five 
years, Pioneer has conducted extensive research to better un-
derstand the potential value of foliar fungicides in corn produc-
tion and identify factors that may influence the likelihood of an 
economic benefit for growers .

Key findings of three major foliar fungicide research proj-
ects conducted between 2007 and 2011 are summarized here . 
These studies involved several different foliar fungicide prod-
ucts and included both aerial and ground applications, but all 
were focused on application timings between tasseling and 
brown silk (VT-R2) . The studies are labeled below: 

•	 On-farm fungicide trial survey, a survey of on-farm foliar 
fungicide side-by-side trials conducted from 2007-2011 .

•	 Pioneer small-plot research, a 2009 study conducted to 
identify factors influencing yield response of multiple hy-
brids to foliar fungicide application across several Mid-
western sites . 

•	 University of Tennessee/Pioneer small-plot research, a 
2006-2008 study that compared foliar fungicide response 
among hybrids with differing levels of genetic resistance to 
gray leaf spot at a site chosen specifically due to its history 
of high GLS pressure .

Yield Response to Fungicide Treatment
Between 2007 and 2011, a total of 475 on-farm fungicide 

trials were conducted comparing yield and moisture of corn 
treated with a foliar fungicide between tasseling and brown silk 
to untreated corn . The average yield response across these tri-
als to the application of a fungicide treatment was an increase 
of 7 .0 bu/acre . A positive yield response to fungicide applica-
tion occurred in 80 percent of the trials . Yield response varied 
widely among trials, as would be expected given differences in 
weather conditions, disease pressure, and trial locations .

Among Pioneer on-farm trials, grain moisture of fungicide-
treated corn was only slightly higher (+0 .3 points) than untreat-
ed corn (Figure 1) . This difference was not greatly affected by 
overall moisture level at harvest . In trials where harvest mois-
ture of the untreated corn was greater than 25 percent, treated 
corn averaged 0 .4 points wetter . One possible reason for higher 
harvest moisture in fungicide-treated plots is higher disease 
pressure severe enough to cause premature plant death in 
untreated plots . In such cases, the increase in moisture would 
probably be accompanied by an increase in yield that more than 
offsets additional drying costs .

Fungicide yield response in Pioneer small plot research 
was similar to the on-farm trials, with an average yield response 
to fungicide treatment of 8 .9 bu/acre across ten research lo-
cations in 2009 (Table 1) . Average yield response varied among 
locations, ranging from 0 .6 to 22 .6 bu/acre, largely due to differ-
ences in disease pressure .

Table 1. Average corn yield response to foliar fungicide treatment at 
Pioneer small-plot research locations in 2009 .

Location Previous 
Crop Tillage Yield  

Response
bu/acre

Mankato, MN Soybean Conv . 6 .4
Waltham, MN Soybean Conv . 4 .6
Janesville, WI Soybean Conv . 0 .6
Minburn, IA Corn Strip 10 .6
Breda, IA Corn Conv . 11 .5
Alleman, IA Soybean Strip 8 .0
Seymour, IL Soybean Conv . 11 .8
Macomb, IL Soybean Conv . 7 .1
Windfall, IN Corn Conv . 5 .8
Gwynneville, IN Soybean No-till 22 .6
Average 8 .9

The economic viability of a fungicide application can vary 
greatly according to the price of corn and cost of the fungicide 
and application . Higher corn prices and lower treatment costs 
both reduce the magnitude of the yield response needed to 
break even; while lower corn prices and higher costs increase 
it . Half of the on-farm trials conducted over five years would 
have seen an economic benefit from fungicide application at a 
break-even yield response of 6 .0 bu/acre (Table 2) . As the break-
even point increases with higher costs or lower corn prices, the 
success rate for fungicide profitability declines .

Table 2. Yield response necessary to cover the cost of fungicide and 
application over a range of costs and corn prices .

Fung. + App. 
Cost ($/acre)

Corn Price ($/bu)
3.00 4.00 5.00 6.00 7.00 8.00

----------------- bu/acre -----------------
22 .00 7 .3 5 .5 4 .4 3 .7 3 .1 2 .8
24 .00 8 .0 6 .0 4 .8 4 .0 3 .4 3 .0
26 .00 8 .7 6 .5 5 .2 4 .3 3 .7 3 .3
28 .00 9 .3 7 .0 5 .6 4 .7 4 .0 3 .5
30 .00 10 .0 7 .5 6 .0 5 .0 4 .3 3 .8
32 .00 10 .7 8 .0 6 .4 5 .3 4 .6 4 .0

Factors Influencing Yield Response

Disease Pressure
The most important factor determining the value of a fo-

liar fungicide application is disease pressure . Foliar diseases 
can occur anywhere corn is grown in North America, but are 
more common in the warmer, more humid growing areas of 
the South and East . Most widely grown hybrids have at least 
moderate resistance to the major leaf diseases, which may be 
sufficient protection against low to moderate disease pressure . 
However, in years when weather conditions are very conducive 
for disease, a fungicide application can provide a substantial 
economic benefit .
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The Pioneer small-plot research trials conducted in 2009 
demonstrated the degree to which yield response to foliar fun-
gicides can vary due to differences in disease pressure . The 
wide variation in yield response to fungicide application among 
locations was largely attributable to differences in common rust 
pressure . Common rust was prevalent at several Iowa, Illinois 
and Indiana locations in 2009 . Average yield response across 
locations in these states was 11 .4 bu/acre (Table 1) . Conversely, 
average yield response at Minnesota and Wisconsin locations 
where common rust was less prevalent was only 3 .9 bu/acre . At 
sites with high common rust pressure, yield response to foliar 
fungicide application was greatest among hybrids with a low 
level of genetic resistance to the disease (Figure 1) .

Figure 1. Common rust symptoms in Pioneer® hybrid 35F44 (HXX,LL,RR2) 
treated with fungicide (left) and untreated (right) in a Pioneer study at 
Seymour, IL . With the high disease pressure, the fungicide application 
greatly improved yield compared to the untreated check .

Hybrid Disease Susceptibility
The probability of using a fungicide profitably is directly re-

lated to hybrid susceptibility to the predominant leaf diseases in 
the environment where grown . Pioneer hybrids are rated on a 
scale of 1 to 9 for their level of genetic resistance to major foliar 
diseases, with 1-3 indicating a susceptible hybrid, 4-5 moder-
ately resistant, 6-7 resistant, and 8-9 highly resistant . In cases 
where a foliar disease is not severe, a foliar fungicide applica-
tion may not provide an economic benefit with a resistant or 
highly resistant hybrid . Hybrids that are susceptible to a com-
mon foliar disease are more likely to benefit from a fungicide 
application and should be monitored for disease symptoms, 
particularly when weather conditions are favorable for disease 
development .

A research project was conducted from 2006 to 2008 at 
the University of Tennessee Research and Education Center at 
Milan with a primary goal of determining the yield benefit as-
sociated with foliar fungicide management of gray leaf spot in 
hybrids with differing levels of resistance . The research site 
was specifically chosen due to a history of high gray leaf spot 
pressure . The plot area was in irrigated no-till corn production 
for four years prior to the start of the study, with a high level of 
gray leaf spot each year . Three Pioneer corn hybrids with vary-
ing levels of resistance to gray leaf spot were included in the 
study (Table 3) .

Table 3. Gray leaf spot resistance ratings of hybrids used in a three-
year foliar fungicide study at the University of Tennessee .

Pioneer® brand 
Hybrid GLS Rating GLS Resistance

32T22 3 susceptible

33R76 5 moderately resistant

33V14 7 resistant

Results of the study demonstrated the potential for gray 
leaf spot to cause substantial reductions in yield when disease 
pressure is very high . Hybrid resistance was effective in miti-
gating a large portion of yield loss due to gray leaf spot; how-
ever, even with the most resistant hybrid, the yield benefit of the 
foliar fungicide application was likely great enough to cover the 
cost of product and application (Figure 2) . Under more moder-
ate disease pressure, a fungicide application likely would not 
provide an economic benefit on a resistant hybrid .

Figure 2. Average yield increase with foliar fungicide application of hy-
brids susceptible, moderately resistant, and resistant to gray leaf spot 
in a three-year University of Tennessee/Pioneer research study .
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In the Pioneer small-plot study, where common rust was 
prevalent at some of the locations, yield response to foliar fun-
gicide application was greatly influenced by genetic resistance 
of hybrids to common rust . Among locations with high common 
rust severity in Illinois and Indiana, yield response to fungicide 
application was much greater for hybrids with a low level of 
resistance compared to hybrids with a moderate level of re-
sistance (Figure 3) . Among sites in Minnesota and Wisconsin 
where common rust was less prevalent, yield response to fungi-
cide application was low and was not greatly affected by hybrid 
genetic resistance .

Common rust was prevalent at a trial at Macomb, IL, along 
with low to moderate levels of gray leaf spot and northern leaf 
blight . Notable differences in disease symptoms and yield re-
sponse to fungicide were observed in this location (Figure 4) . 
Research results from 2009 demonstrate the value of foliar fun-
gicides in protecting yield when disease outbreaks occur, how-
ever, genetic resistance of hybrids may also provide adequate 
protection and should be considered in fungicide treatment de-
cisions .
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Figure 3. Average fungicide yield response of hybrids with low resis-
tance (3 on a 1-9 scale) and moderate resistance (4-6) to common rust 
in Pioneer small-plot trials .
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Figure 4. Pioneer® hybrid P1162XR (HXX,LL,RR2) (above) and P1395XR 
(HXX,LL,RR2) (below) treated (left) and untreated (right) with fungicide at 
Macomb, IL . The fungicide helped to protect yield in P1162XR but was 
not necessary on P1395XR, which had minimal disease .

Previous Crop and Tillage  
Corn-following-corn fields are at a higher risk and more 

likely to benefit from a fungicide application than corn-follow-
ing-soybean fields . Survival of diseases in corn residue can 
lead to earlier and more extensive disease infection and higher 
disease incidence in the subsequent corn crop . Many common 
diseases including gray leaf spot, northern leaf blight, southern 
leaf blight, eyespot and northern leaf spot overwinter in corn 
residue, providing a source of inoculum to infect corn planted 
the following season .

Tillage can influence disease pressure and potential ben-
efit of fungicide application in much the same way as cropping 
sequence . By leaving more crop residue on the soil surface, 
conservation tillage and no-till can greatly increase the disease 
inoculum load .
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Figure 5. Average yield response to foliar fungicide application as in-
fluenced by tillage and previous crop in on-farm trials (289 trials, 2007-
2011) .

Survey results from 289 on-farm trials where previous crop 
and tillage practices were reported showed an inverse relation-
ship between tillage intensity and yield response to foliar fungi-
cide application in both corn following corn and corn following 
soybean (Figure 5) . Rotation away from corn to a different crop, 
such as soybean, is often recommended as a way to manage 
corn diseases by reducing inoculum levels . However, these re-
sults suggest that under a high-residue system, such as no-till 
or strip till, disease pressure in corn following soybean may still 
be sufficient to justify a fungicide treatment .

The 2009 Pioneer small plot trial also included different 
cropping sequences and tillage practices among locations (Ta-
ble 1) . Average yield response to fungicide application tended 
to be higher among locations planted to corn the previous year 
and locations using no-till or strip-till practices; however, high 
yield response at some locations was driven primarily by com-
mon rust pressure . Common rust does not overwinter in crop 
residue, so would not be affected by crop rotation or tillage 
practices .
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Early Season Fungicide  
Applications to Corn

Foliar fungicides have proven to be an effective way to help 
protect corn yield by managing foliar diseases . Many research 
studies have shown significant yield increases when fungicides 
are applied between tasseling (VT) and brown silk (R2) . The VT 
to R2 period is just prior to the time of development of many 
major foliar diseases . Recently, early season fungicide applica-
tions, around V5 to V7, have been promoted as a way to provide 
additional yield protection . This early season treatment has 
generally been recommended as a supplement to a VT applica-
tion rather than a replacement for it . Because this would incur 
additional costs, growers have questioned whether the appli-
cation can produce a profitable return by controlling diseases 
early and increasing yield .

In considering the potential value of an early season fun-
gicide application, it is worth reviewing what is already known 
about VT fungicide applications . In 475 Pioneer on-farm com-
parisons conducted between 2007 and 2011, a positive yield re-
sponse to fungicides applied following tasseling was observed 
80% of the time . The average yield response was 7 .0 bu/acre, 
which clearly provides an economic benefit when corn prices 
are high . However, even 7 .0 bu/acre may be insufficient to cover 
the cost of product and application when corn prices are lower, 
and this average response will not be realized by all growers . 

Early season fungicide treatments can be applied at lower 
cost, and thus require less yield response to be profitable . Tank 
mixing with a post-emergence herbicide allows a fungicide to 
be sprayed without any additional application cost* . Lower use 
rates with early season applications can reduce the break-even 
point even further . However, even with the lower economic 
threshold, an early application still needs to provide enough ad-
ditional yield to justify the expense .

Potential Value of Early Fungicide Application
The V5 to V6 growth period is a critical phase in corn devel-

opment . The number of kernel rows per ear is set at this time and 
can be reduced by plant stress, impacting yield . Foliar diseases 
are one such stress capable of reducing yield in corn; however, 
the only economically important foliar diseases generally pres-
ent during the early vegetative growth stages are anthracnose 
leaf blight and eyespot . Holcus spot can also appear early in the 
season, but it is a bacterial disease not controlled by fungicides . 

Anthracnose leaf blight is 
usually the first foliar disease 
to appear during the growing 
season . The pathogen over-
winters in corn residue, so 
infection is most common in 
corn following corn . Anthrac-
nose leaf blight can be very 
damaging to corn seedlings, 
potentially resulting in stand 
loss in severe cases . However, 
once a corn plant reaches the 
V6 stage, the disease generally 

does not continue to spread to new leaves . A fungicide applied 
during the V5 to V7 stages would be too late to completely con-
trol the disease, and would likely not provide much additional 
protection beyond that period . The leaf blight phase of anthrac-
nose is not necessarily a precursor to stalk rot, as anthracnose 
stalk rot is generally caused by fungal infection through the 
roots . 

Eyespot is most common 
in the northern Corn Belt and 
overwinters in corn residue . 
Eyespot is favored by cool 
and wet conditions and is 
typically most prevalent late 
in the growing season . Under 
favorable conditions however, 
symptoms can appear much 
earlier, beginning at around 
V6 . Early-season infections 
generally do not affect yield 
except in very severe cases . 
Fungicides are rarely needed 
to control this disease, and typically should only be considered 
in corn following corn with reduced or no tillage .

Fungicides applied at the V5 to V7 stages would not be ex-
pected to provide much protection against foliar diseases that 
occur later in the season, such as gray leaf spot and northern 
leaf blight . Fungicides used in 
corn are generally locally or 
xylem mobile within the plant, 
which allows the fungicide 
to move within a treated leaf, 
but not to other plant parts or 
to newly emerging leaves . The 
residual period of fungicides 
is usually about 14 days in the 
case of triazoles and seven to 
21 days for strobilurins, so a 
treatment at V5 to V7 would 
have little if any remaining ac-
tivity later in the season when 
foliar diseases are most active . 

Early Season Fungicide Research
Research data on the yield response of corn to early sea-

son fungicide applications are limited, but so far have not been 
highly positive . A survey of university trials conducted through 
2009 compiled by Dr . Carl Bradley at the University of Illinois 
showed an average yield response of 8 .0 bu/acre for VT to R1 
applications, compared to 1 .5 bu/acre for V6 applications (Brad-
ley 2010) . Pioneer on-farm trials in 2010 and 2011 and replicated 
research trials at two locations in 2011 showed similar results . 
The average yield response to early season fungicide treat-
ments across all trials was -0 .1 bu/acre (Figure 1) . These data 
indicate that the yield benefits of an early season fungicide ap-
plication are not sufficient to consider using it to replace a post-
tasseling application .  

Research studies that have compared early and VT ap-
plication have shown that even when disease pressure makes 
fungicide treatment favorable, an early application does not ap-

Anthracnose leaf blight

Eyespot leaf disease

Gray leaf spot
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pear to provide any additional yield advantage . In a University 
of Illinois research trial conducted in 2010, applications at VT or 
R1 provided optimal disease control and yield protection under 
high disease pressure, whereas a single application at V5 pro-
vided no significant benefits relative to the non-treated control 
(Adee and Johnson 2010, Figure 2) .

Figure 1. Average corn yield advantage with a foliar fungicide applied 
at V5-V6 growth stage across several university and Pioneer research 
trials .
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2011 Pioneer Research Trials
2011 Pioneer On-Farm Trials

Average fungicide yield advantage = -0.1 bu/acre

Figure 2. Disease severity (top) and corn yield response (above) to fo-
liar fungicide application timing under high disease pressure in a 2010 
University of Illinois trial (values with the same letter are not signifi-
cantly different with 95% confidence) .
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Pioneer on-farm trials conducted at nine locations in Ne-
braska in 2011 showed that a VT fungicide application provided 
a significant yield advantage over the untreated check; howev-
er, a V6 application did not provide any advantage, either alone 
or in combination with a VT application (Figure 3) .

Figure 3. Average corn yield response to foliar fungicide application 
in Pioneer on-farm trials conducted at nine locations in Nebraska in 
2011 (values with the same letter are not significantly different with 
90% confidence) .
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Conclusions
Information on the value of early season fungicide applica-

tions in corn is still somewhat limited; however, research to date 
indicates it is unlikely this practice will offer a consistent eco-
nomic benefit . Symptoms of most important foliar diseases do 
not begin to develop until well after the V5 to V7 growth stages . 
For this reason, the addition of an early season application prior 
to a VT application would not be expected to provide much ad-
ditional disease protection in most cases . 

Fungicide resistance prevention should also be considered 
in treatment decisions . The strobilurin class of fungicides, al-
though very effective at controlling many corn diseases, is con-
sidered high risk for resistance development in fungal species . 
Strobilurin resistance has already been documented in disease 
species in other crops, most recently frogeye leaf spot in soy-
bean . It is likely only a matter of time before resistance occurs in 
a corn pathogen . Widespread indiscriminant use of fungicides 
increases the selection pressure on fungal pathogens, which 
can accelerate resistance development .

Sources
Adee, E .A . and M . Johnson . 2010 . Northwestern Illinois Ag-

ricultural Research and Demonstration Center Nov . 2010 News-
letter . 29:8 . http://cropsci .illinois .edu/research/rdc/monmouth/
newsletters/2010/Nov_2010 .pdf

Bradley, C . 2010 . Fungicide Applications to Corn at Early 
Growth Stages . The Bulletin 3:6 . University of Illinois Ext . http://
bulletin .ipm .illinois .edu/article .php?id=1284

*Always read and follow label directions
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Goss’s Wilt Management in Corn
Goss’s wilt (Clavibacter michiganensis subsp . nebraskensis) 

is a bacterial disease that may cause systemic infection and 
wilting of corn plants, as well as severe leaf blighting . The leaf 
blight phase is generally more prevalent and more damaging to 
the corn crop (Figure 1) .

Figure 1. Leaf blight phase of Goss’s wilt .

Until recently, significant Goss’s wilt damage was largely 
confined to corn fields in Nebraska and parts of Colorado, 
Kansas and South Dakota . In the last two years, however, sig-
nificant damage has been reported in Iowa, Missouri, Illinois, 
Indiana, Minnesota, North Dakota, Wisconsin, and even Mani-
toba (Figure 2) . Higher levels of corn residue from corn-after-
corn production and reduced tillage are likely contributing to 
the spread of this disease . In addition, the prevalence of sum-
mer storms that produce hail, wind or rain and damage corn 
leaves has a large impact on the severity of infection and yield 
loss in a given growing season .

Figure 2. Historical and current range of Goss’s wilt in North America .

The sudden spread of Goss’s wilt across primary corn-
growing states places it among the major corn diseases capable 
of causing leaf loss, lower stalk quality and reduced yield in corn . 
Consequently, growers should learn to recognize and manage 
this disease to help protect future corn yields and profits .

Disease Development
Goss’s wilt overwinters in infected corn residue, and that 

of other host plants, including green foxtail, barnyardgrass and 
shattercane . From this infected residue, bacteria are transferred 

Figure 3. Disease cycle of Goss’s wilt in corn .

Disease Symptoms
Early leaf symptoms are oblong or elongated lesions of 

water-soaked, grayish-green tissue that progress to long dead 
streaks with wavy, irregular margins (Figure 4) .

to growing plants primarily by rain splash, although Goss’s wilt 
can also survive in irrigation water during the growing sea-
son . Once on the plant, bacteria invade plant tissue through 
wounds caused by hail, heavy rain, wind or mechanical damage  
(Figure 3) . Plants may be infected at any stage of development . 
Wet weather and high relative humidity favor development of 
Goss’s wilt . This is because leaf wetness is required for infec-
tion to occur, and the bacteria spread most readily in humid 
weather . However, disease spread under generally hot, dry 
conditions has also been documented .

Figure 4. Early Goss’s wilt symptoms progressing to long, dead streaks 
on corn leaf .

These streaks extend along the leaf veins, which suggests 
a bacterial infection (Figure 5a) . One of the most characteristic 
symptoms of Goss’s wilt is leaf “freckles” that develop within 
the streaks (Figure 5a) . In addition, a sticky exudate forms in 
the streaks, which dries to form a glistening residue, or varnish, 
within the lesion (Figure 5b) . As lesions enlarge and coalesce, 
they form large areas of necrotic tissue on the leaves and even-
tually, entire leaves may wilt and dry up .



9

Figure 5. Characteristic symptoms of Goss’s wilt: a) lesions extend 
along leaf veins; b) exudate dries to a varnish on leaf .

5a 5b

Goss’s wilt symptoms can be confused with those of anoth-
er bacterial disease, Stewart’s wilt . Laboratory tests can easily 
distinguish the diseases, but careful field examination can as 
well . A primary clue lies in the cause of plant infection . Goss’s 
wilt is most common after a hailstorm or sandblasting, whereas 
Stewart’s wilt occurs when populations of flea beetles are high . 
Therefore, obvious flea beetle feeding scars on leaves point to 
Stewart’s wilt . In addition, leaf freckle symptoms and varnish-
like exudate are diagnostic of Goss’s wilt infection .

Plants may also be infected systemically by Goss’s wilt,  
especially in the seedling stage . These plants have discolored 
vascular tissue, with a slimy bacterial exudate in the stalk . 
Plants are commonly stunted and wilt and die as if drought 
stressed . This systemic phase is often confused with bacterial 
soft rot, a different disease common in the Great Plains states, 
especially under sprinkler irrigation . 

Crop Impacts of Goss’s Wilt
Goss’s wilt may reduce corn plant stands and vigor, stalk 

and grain quality and yield . During the systemic infection phase, 
Goss’s may reduce plant stands and weaken surviving plants, 
both of which are associated with reduced yield . However, in 
most cases, yield loss is mainly due to the leaf blight phase of 
the disease, when reduction in green leaf area and premature 
death of plants may occur (Figure 1) . 

Timing of leaf blight infection has a critical role in Goss’s 
wilt yield reductions . Early infections lead to the greatest yield 
loss, whereas late infections often have little yield influence . 
Yield reductions of 50 percent have been documented when 
susceptible hybrids were infected early in the growing season . 
Other agronomic issues such as stalk lodging may result from 
fields that have leaf area loss from Goss’s wilt . This can result 
in further reductions in yield if harvest losses occur, and reduc-
tions in grain quality if ears contact the ground .

Disease Management
No rescue measures are available to control Goss’s wilt, so 

preventing or avoiding infection is crucial . Where the disease 
is already present in a field, growers can minimize damage by 
reducing corn residue and using resistant hybrids .

Prevention/Avoidance
Goss’s wilt may be transmitted from field to field by equip-

ment and weather that move infected residue . Harvest and 
tillage equipment, balers, and wind can all transfer infected 

residue and soil to previously uninfested fields . To help avoid 
spreading the pathogen in this way, harvest and till infected 
fields last and clean equipment of crop residue .

Reducing Corn Residue and Alternate Hosts
Crop rotation and tillage, when practical, can be used to re-

duce the amount of corn residue remaining on the soil surface 
to infect the new crop . Crop rotation to a non-host crop such 
as soybeans, dry beans or alfalfa allows for an additional year 
of corn residue decomposition between corn crops . Deep till-
age is especially effective at incorporating and burying infected 
residue . These practices reduce but do not prevent disease oc-
currence, however . Goss’s wilt has occurred on fields that are 
first-year corn and in fields that were plowed .

Grassy weeds that are alternate hosts for the bacteria 
should also be controlled to help minimize disease inoculum . 
Susceptible grasses include green foxtail, barnyardgrass, and 
shattercane .

Resistant Hybrids
Because useful levels of resistance to Goss’s wilt have 

been identified in certain parent lines and hybrids, hybrid resis-
tance is becoming the primary method for management of this 
disease . Pioneer rates its hybrids for resistance relative to 
known susceptible and resistant hybrids using Pioneer’s 1 to 
9 rating system (1 = susceptible, 9 = resistant) . These scores 
are made available to customers to aid in selection of hybrids 
with appropriate levels of resistance for each field . Your local 
Pioneer sales professional can assist in identifying hybrids with 
Goss’s wilt resistance and other traits needed for optimum pro-
duction potential on your fields .

Pioneer researchers screen commercial and potential new 
hybrids for resistance to Goss’s wilt at sites with reliable annual 
disease pressure . In addition to screening under natural infes-
tations, researchers also inoculate parent lines and hybrids 
with Goss’s wilt bacteria and evaluate for disease symptoms . 

On-farm strip trials provide an additional resource for data 
collection if the disease occurs . The primary maturity range for 
Goss’s screening is from 90 CRM to 110 CRM . However, due to 
the recent increase in Goss’s incidence in Manitoba, Kansas 
and the Texas Panhandle, Goss’s screenings have been ex-
panded . Pioneer now offers a wide genetic range of hybrids 
with very good to excellent resistance within a hybrid maturity 
range of 75 to 118 days .

Pioneer will continue using all available plant breeding 
technologies to improve hybrids for Goss’s wilt resistance . 
This includes screening parent lines and hybrids in areas with 
severe natural infection, as well as use of molecular markers 
to identify more resistant types prior to field screening . These 
steps are designed to accelerate hybrid improvement for resis-
tance to Goss’s wilt bacterial disease .

 Fungicides NOT Effective 
Goss’s wilt is caused by a bacterium, not a fungus . That 

is why foliar fungicides commonly used to control corn leaf 
diseases resulting from fungal pathogens are NOT effective 
against the Goss’s wilt pathogen . In fact, no chemical control 
measures are currently available with proven efficacy against 
this disease .
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Nitrogen Application Timing in  
Corn Production

The goal of timing nitrogen (N) applications to corn is to 
supply adequate N when the crop needs it, without supplying 
excess that can potentially be lost . Corn takes up, in the grain 
and stover, about one pound of N per bushel of grain produced. 
Only a fraction of this is needed during the seedling stage, but 
corn’s requirements escalate rapidly by V8 . During the next 30 
days, corn can advance from approximately knee-high to the 
tassel stage of development if conditions are favorable, requir-
ing over half its total N supply (Figure 1) . 

N deficiency at any time during a corn plant’s life will subtract 
from yield, but if the deficiency occurs during its rapid vegeta-
tive growth phase beginning at V8, yield losses may be severe . 
Thus, the primary goal of timing N applications is to ensure N is 
sufficient at this time . Recommendations to side-dress N by V4 
to V6 are to provide some margin of safety in case weather and 
soil conditions delay N application or N movement to the roots .

Figure 1. N uptake by corn . Adapted from Richie, et .al,  2005 (How a 
Corn Plant Develops) .

Meeting Corn Needs for N 
To help avoid weather-related pitfalls to corn N supply, 

growers can spread their risk by applying N at multiple times, 
and/or using products that help protect specific N fertilizers 
from rainfall-related losses . This is especially important on soils 
subject to N loss, such as sandy soils prone to N leaching, or 
heavier soils in high rainfall areas that may become saturated 
and subject to denitrification losses . Nitrogen may be applied 
by growers at several times during the year, including early 
spring (preplant), at planting, and in-season (sidedress) . Note 
that not all products may be available in your area .

Early spring (preplant) application is commonly used in 
areas where growers are able to complete this practice without 
delaying planting beyond the optimum window . Because this N 
is applied well ahead of major crop uptake, it too is at risk of loss 
if warm soil temperatures and excessive rainfall occur . Use of 
ammonium forms of N can reduce loss potential . Depending on 
the time of application relative to planting, as well as expected 
weather conditions (determined by climate history) a nitrifica-
tion inhibitor may also be advantageous .
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Figure 2. Severe nitrogen deficiency symptoms are evident in this field 
that remained saturated due to excessive rainfall .

At-planting application has one distinct advantage – when 
the field is fit to plant, it is also fit for N application, unlike  
pre-plant or sidedress applications that may be disrupted by 
weather . However, the amount of N that can be applied by the 
planter is limited, and may slow the planting process . Applica-
tion in a separate field trip immediately following planting may 
be preferable .

In-season (sidedress) applications allow for adjustments 
to planned N supply based on weather variations . If wet spring 
conditions result in N losses, sidedress rates can be increased . 
If warm temperatures and moderate rainfall result in high N 
mineralization and an N-sufficient crop, sidedress rates can be 
reduced . This process of determining crop sufficiency or need 
can be aided by various methods of soil testing or plant sensing .

In-season N applications can supply N to the crop near 
the time of maximum plant uptake . However, if wet conditions 
develop, sidedress applications may be delayed beyond the op-
timum application date . Extremely dry conditions can result in 
a delay in availability of sidedressed N to the plant . Because of 
these risks, soil fertility specialists often recommend that only 
one-third of total crop supply should be targeted for sidedress 
application . In addition, growers should be well-prepared to 
apply sidedress N as quickly as possible when the window of 
opportunity arises, and a backup plan should be in place should 
weather interfere with the original plan .

N-timing Research Results Vary
The effect on yield of N application timing has been widely 

studied for decades . Common types of nitrogen timing studies 
include preplant vs . split between preplant and sidedress, and 
different types of N fertilizers applied at various timings . Other 
studies also tested N application timing, multiple rates of N, and 
different proportions of total N applied at various times . These 
studies show a wide range of results that often vary accord-
ing to the weather conditions encountered during the study. 
For this reason, understanding the relationship between N sup-
ply, weather conditions, and corn needs is more important to 
developing successful N management strategies than research 
results per se .
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Figure 3. Sidedress application of anhydrous ammonia at the V5 to V6 
corn growth stage . Photo courtesy of John Deere.

Nitrogen Stabilizers
To help reduce N losses, nitrogen “stabilizers” or “additives” 

can be applied along with N fertilizers . These products must be 
matched with specific N fertilizers in order to be effective . Sev-
eral common products include Instinct®, N-Serve®, Agrotain®, 
Agrotain Plus® and ESN® . For these products, read and follow 
all label instructions carefully .

N-Serve and Instinct contain the chemical nitrapyrin . These 
products are nitrification inhibitors that act against bacteria 
responsible for nitrification, thus slowing the conversion from 
ammonium to nitrate and reducing the risk of loss . According 
to the manufacturer, N-Serve is an oil-soluble product that may 
be used with anhydrous ammonia, and dry ammonium and urea 
fertilizers . Research studies over many years have proven the 
effectiveness of N-serve when used with anhydrous ammonia .

Instinct is a new encapsulated formulation of nitrapyrin for 
use with urea ammonium nitrate (UAN) and liquid manure . In-
stinct can be applied with liquid manure, liquid fertilizer or tank-
mixed with a herbicide or insecticide application prior to or at 
planting .

Figure 4. Application of anhydrous ammonia to field previously in soy-
beans . Photo courtesy of Case-IH.

Agrotain, the compound NBPT, is used primarily with urea 
and secondarily with urea ammonium nitrate (UAN) solutions . 
Agrotain inhibits urease, a naturally occurring soil enzyme  
involved in the conversion of urea to ammonia . Agrotain Ultra is 
a more concentrated formulation of Agrotain . These products 
are useful when urea is broadcast and not incorporated into the 
soil with tillage or irrigation . When urea is broadcast in contact 
with crop residue, high losses may result, as the urease en-
zyme is abundant in plant material . Research shows that N loss 
from surface-applied urea can range from 0 to 50 percent . The 
amount of loss depends on weather conditions; loss is greatest 
with warm, windy weather and a moist soil surface . 

Ammonium Forms of N More Stable
The most common nitrogen fertilizers are anhydrous am-

monia, urea-ammonium nitrate (UAN) solutions, and granular 
urea . Other forms include ammonium nitrate and ammonium 
sulfate . Ammonium (NH4

+) forms of N bind to negatively charged 
soil particles and are not subject to leaching or denitrification 
losses . Applying N fertilizers that include more ammonium and 
less nitrate forms of N reduces their potential for loss in the 
short-term . However, over time, nitrifying soil bacteria convert 
ammonium to nitrate (NO3

-), a form which is readily lost when 
excessive rainfall leaches or saturates soils . These bacteria 
have minimal activity when soil temperatures are below 50°F, 
so cool or cold temperatures naturally help protect ammonium 
forms of N from losses . 

Urea-containing fertilizers have yet another mechanism 
of loss: they are subject to volatilization when surface applied . 
However, once urea is taken into the soil by rainfall, irrigation, or 
tillage, volatilization potential ceases .

Agrotain® Plus is an additive specifically for UAN solution, 
containing both a urease inhibitor that prevents ammonia vola-
tilization from synthetic or organic urea, and a nitrification retar-
dant . Thus, it acts against both the volatilization and nitrification 
processes that lead to N losses from urea, but does not protect 
the nitrate portion of UAN solution .

ESN®, Environmentally Smart Nitrogen is another type of 
nitrogen stabilizer . According to the manufacturer, ESN con-
tains a urea granule within a micro-thin polymer coating, which 
releases the N as soil warms . This time-release method is an 
alternative way to help reduce nitrogen losses due to volatility .

Developing Your N-Supply Strategy
Applying N at multiple times, including the time of maximum 

crop uptake, is a good way to spread risks and reduce costs, 
but the extent to which this is practical depends on prevailing 
weather conditions in your area . Historical weather data can be 
used to determine how much applied N may be lost in typical 
months, and also to indicate how many days may be available 
for field work when sidedress applications need to be made . 

Using historic weather information, growers should develop 
an N-timing strategy with a high probability of implementation 
most years . Such strategies should be weighted heavily for soil 
type and topography, which impact retention of applied N and 
the ability to apply additional N . Regions and individual fields 
vary in those properties, so many growers should have multiple 
N-management strategies in their farming operation . In addi-
tion, growers must be ready to implement a “plan B”, when ex-
cessive or prolonged rainfall disrupts original plans .
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Rescue Nitrogen Applications to Corn
Nitrogen (N) is essential to plant growth . As a constitu-

ent of protein, it is instrumental in critical plant functions from 
germination to senescence . As a component of the chlorophyll 
molecule, N has a primary role in photosynthesis and therefore 
yield accumulation in crops . Unfortunately, this critical plant nu-
trient can be easily lost from the soil by leaching or denitrifica-
tion when excessive rainfall occurs .

Wet spring conditions can delay planned N applications 
as well as promote losses of previously applied N . When this 
occurs, producers must decide if an additional N application is 
warranted to avoid the risk of reduced yield . Recent wet springs 
and resulting yield losses demonstrate the importance of mak-
ing the correct decision . 

When determining whether or not to apply additional N, 
producers should evaluate how much N remains in the soil and 
decide if that will be enough to meet crop needs . If not, a res-
cue N application may be needed . Applying N late in the spring 
reduces the risk of further N loss and increases the likelihood of 
N availability when the corn crop needs it most . 

Evaluating Nitrogen Loss
There are several ways to evaluate N losses after exces-

sive rainfall events: 1) using crop sensors, and 2) gathering 
other information to make a good estimate .

Crop Sensors – Recently improved optical sensors can help 
assess N deficiency and the amount of N needed to optimize 
crop response . Mounted on N-application equipment, these 
sensors measure crop “greenness”, which correlates with 
plant chlorophyll content and therefore estimates crop N status . 
After calibrating the sensor using a well-fertilized “reference 
strip” the applicator traverses the rest of the field, performing 
the sensing, rate calculations and application all at once . Be-
sides these sensors, aerial imagery and chlorophyll meters are 
also good tools for in-season evaluation of corn N needs .

Estimating N Loss – In lieu of soil testing or crop sensing, 
N loss can be estimated, and this estimate used as a basis for 
deciding if more N should be applied . In this process the key 
questions to answer are: 1) When was the N applied?, 2) What 
form was used?, 3) How much was applied?, and 4) What were 
the field conditions following the application?

Greater quantities of N fertilizer are converted to nitrate as 
time goes by and soil temperatures increase . Knowing when 
the N was applied and what fertilizer was used enables the es-
timation of the quantity of N in the nitrate form when rainfall 
occurred (Table 1) .

Figure 2. Heavy rainfall and low-lying areas are a combination that can 
lead to N losses by denitrification .

Table 1. Amount of nitrogen fertilizer in the nitrate-N form 0, 3 and 6 
weeks after application . Adapted from Lee et al ., 2007 .

N Source

Week After Application

0 3 6

% Fertilizer as Nitrate-N

Anhydrous ammonia (NH3) 0 20 65

NH3 with N-Serve 0 10 50

Urea 0 50 75

UAN 25 60 80

Ammonium nitrate 50 80 90

Just because N was in the nitrate form does not mean all of 
it was lost . The soil temperature and duration of soil saturation 
are two key factors affecting denitrification . Higher soil tem-
peratures and longer periods of soil saturation both increase 
denitrification losses (Table 2) .

Table 2. Estimated denitrification losses as influenced by soil tempera-
ture and days of saturation (Bremner and Shaw, 1958 .)

Soil Temp (°F) Days Saturated Nitrate-N Loss 
(% of total N applied )

55 - 60
5 10

10 25

75 - 80

3 60

5 75

7 85

9 95

Figure 1. Nitrogen loss to corn field areas in wet spring .
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Another way to estimate whether a rescue N application 
is needed is to use the Nitrogen Loss Scoresheet developed at 
the University of Missouri (Scharf, 2008) . After estimating the 
amount of nitrate lost by either method above, a better decision 
can be made as to whether a rescue N application is needed 
and how much additional N is required . 

Rescue N Application Methods
Options for rescue N application are limited compared 

to earlier season N applications . Equipment availability and 
N source are the two most important factors to consider, as 
well as risk of leaf injury and the potential for NH3 volatilization 
from urea application . If a high-clearance sprayer is available, 
banded applications of urea ammonium nitrate (UAN) solution 
can be made . Make sure the sprayer is equipped with weighted 
hoses that drag the ground, preventing the hoses from riding up 
on the leaves and causing splatter and leaf burn . Banding will 
also help minimize urea hydrolysis and volatilization .

If choosing to broadcast the rescue N, urea is the product 
of choice . This is because other N sources – ammonium nitrate 
(NH4NO3) and UAN solution – cause extensive leaf burning 
when broadcast (Figure 3) . Studies have shown that this leaf in-
jury often results in yield loss . Urea is much safer to broadcast, 
usually resulting in only minimal crop injury . (Nelson et al ., 2010) .

Figure 3.  Corn leaf injury due to broadcast application of N fertilizers at 
different plant heights . (Nelson et al ., 2010 .)
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However, urea is subject to NH3 volatilization . The use of 
NBPT (N-(n-butyl) thiophosphoric triamide), a urease inhibitor, 
can help prevent urea hydrolysis and subsequent NH3 volatil-
ization . Banded applications also will help minimize N loss . Late 
applications of controlled-release urea are not recommended 
because of the delay between application and the N being re-
leased and available to the corn .

Corn Response to In-Season N Applications
Field research studies have verified the following points 

regarding N loss and late in-season N applications:

•	 Early-season	N	stress	can	 result	 in	 irreversible	yield	 loss,	
due in part to a reduction in the number of kernel rows per 
ear, which is generally determined between V5 and V8 .

•	 Research	studies	conducted	throughout	the	Corn	Belt	over	
the last 30+ years have clearly shown that rescue applica-
tions during the late vegetative stages (through tasseling) 
are likely to result in increased yields and economic returns .

•	 The	greater	the	N	deficiency	and	the	longer	it	goes	uncor-
rected, the greater the potential for yield loss . Corn is more 
responsive the sooner N is applied; some studies have shown 
that economic yield responses seldom occur after pollination .

•	 Under	severe	N	deficit,	some	response	may	occur	to	30-60	
lb/acre N applied 3 weeks past silking (Thomison, 2010) .

These points are also important regarding management of 
fields after a period of excessive rainfall and N loss:

•	 In	 many	 situations	 where	 N	 loss	 occurred,	 prolonged	 soil	
saturation and/or ponding likely lowered corn yield poten-
tial . As a result, full N rates may no longer be needed . 

•	 N	losses	are	likely	not	uniform	throughout	the	field	(e.g.,	de-
nitrification is greatest in low-lying areas) . In such cases, 
apply N only where needed to avoid unnecessary costs and 
potential future losses of excess N .

•	 When	 use	 of	 ground	 equipment	 is	 prevented	 by	 wet	 field	
conditions, aerial application of urea is still an option . Use 
of a urease inhibitor can help prevent urea hydrolysis and 
subsequent NH3 volatilization .

•	 To	avoid	severe	corn	tissue	damage,	do	not use UAN solution, 
ammonium nitrate or ammonium sulfate for aerial application .

•	 Maintain	a	backup plan for rescue applications . This could 
include finding a service provider for high-clearance or aer-
ial applications well ahead of the potential need . A quick re-
sponse to N-deficiency stress will help minimize yield loss .
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Starter Fertilizer in Corn Production
Starter fertilizer in corn production has traditionally been 

recommended for fields with low phosphorus (P) levels or cool 
soil temperatures due to early planting, high residue cover or 
northern location . In those conditions, starter fertilizer placed 
near the developing seed provides easily accessible nutri-
ents until soil conditions improve and a larger root system is  
established . However, some growers seeking to exploit current 
grain price opportunities are evaluating whether starter can 
play a more prominent role in increasing corn yields . 

Starter Fertilizer Defined
Starter fertilizer is defined as small amounts of plant nutri-

ents – nitrogen (N), phosphorus (P) and potassium (K) – placed 
in close proximity to the seed, usually at planting (Hergert and 
Wortmann, 2006) . To be considered starter, nutrients must be 
strategically positioned to enhance early seedling vigor and de-
velopment – directly below the seed, to the side or both .

Starter fertilizer placed in contact with the seed (“pop-up” 
fertilizer) is another option, but its use requires a great deal of 
caution to avoid possible germination and seedling injury . The 
amount of pop-up that can safely be applied is limited, and de-
pends on the fertilizer used and soil properties . For example, 
starter fertilizer containing ammonium thiosulfate should not be 
placed in contact with the seed (Hergert and Wortmann, 2006) .

A starter fertilizer is usually composed of two or more  
nutrients . Under most situations, a combination of nitrogen  
and phosphorus constitutes an effective starter material . Liquid  
10-34-0 and dry 18-46-0 are common starter fertilizer materials . 
Liquid 7-21-7 and dry 8-32-16 are also commonly used . Addition 
of zinc and/or sulfur may be warranted in sandy, low organic 
matter soils, and other materials may also be used .

Early Corn Root Development
After corn seeds imbibe enough water for germination,  

the first root structure to emerge is the radical, which is soon 
followed by the lateral seminal roots (Figure 1) .

Radicle

Seminal Roots

Nodal RootsColeoptile

Mesocotyl

First Leaf

Second Leaf
(V2 Growth Stage)

Figure 1. 
Early 
plant 
structures
of corn .

The seminal root system does not take up substantial quan-
tities of nutrients; instead, the young seedling relies primar-
ily on the stored nutrient reserves of the seed at this stage of  

Figure 2. Case IH and John Deere tractors equipped with tanks for  
liquid starter application at planting .

Stresses May Impede Nodal Roots
Stresses that impede nodal root development may be 

continuous in the field, or may occur sporadically (variably) in 
micro-environments throughout the field . Sporadic stresses 
include: uneven residue distribution, dry or cloddy soils, wet 
spots, diagonal anhydrous ammonia bands, fertilizer salt injury, 
wheel traffic compaction, seed furrow (sidewall) compaction, 
insect or herbicide damage to roots, and soilborne diseases . 

Sporadic stresses can have their fair share of detrimental 
consequences to grain yield . This is because individually af-
fected plants are likely to fall behind if conditions remain unfa-
vorable . Once a plant falls behind by two or more physiological 
growth stages, it will be shaded and outcompeted by it neighbors 
and will likely not catch up, resulting in uneven stands (Figure 3) .

Figure 3. Uneven stand due to wet soil conditions . Note that variable 
soil areas are affecting some plants more than others .

Uneven stands have been reported to suffer corn grain 
yield reductions from six to as much as 23 percent depending 
on the severity (Nielsen, 2010; Nafziger, et al ., 1991) . This yield 
loss could be significantly reduced by starter fertilizer applica-
tions in cases where the primary cause of uneven stands is the 
inability of the young nodal root system to access sufficient soil 
nutrients . 

Research on Corn Yield Response to Starter
Starter fertilizer applications to corn have been well  

researched and documented . The scientific literature shows 
numerous cases where starter has produced positive, meager 
and no corn grain yield increases . This array of results means 
that positive grain yield responses are likely related to both  
environmental and cultural interactions . Starter research 

development . Soon after emergence (VE) the young corn seed-
ling will begin to develop its nodal root system, the primary roots 
for water and nutrient uptake of the plant .
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across geographies has generally shown that areas of the 
northern Corn Belt more consistently and positively respond to 
starter fertilizer . In the central Corn Belt, fields managed with 
notill or reduced tillage, poorly drained fields, or those testing 
low in P were more likely to respond .

Consistent grain yield responses to starter fertilizers may 
also be expected on soils that have low soil organic matter 
or soils that have coarse (sandy) soil surface textures . Many 
soils formed from Mississippi River alluvium that stretch from 
portions of central Minnesota to the Gulf of Mexico fit this  
description . Average grain yield responses of 12 .5 bu/acre were 
documented in some studies on these soils (Mascagni et al ., 
2007) . In these studies (Figure 4), the largest and most consis-
tent yield responses were on the sandiest soils, and grain yield 
responses were more likely from the P in the starter .

Figure 4. Influence of starter fertilizer on corn yield on Mississippi River 
alluvial sandy loam/silt soils at the NE Research Station at St . Joseph, 
Louisiana . Mascagni et al ., 2007 . NS = Non-significant at the  .05 prob-
ability level .
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Hybrid Responses to Starter Fertilizer
A Kansas State study with five hybrids in a notill system 

found that starter fertilizer (N and P) significantly increased early 
season growth, N and P uptake at V6, and N and P concentra-
tion in the ear leaf (Gordon, et al . . 1997) . All hybrids responded 
similarly to the starter application . The study also found that all 
hybrids required less growing degree units (GDUs) to pollination 
when starter was used, with an average of 80 less GDUs required . 
This is a key finding for dryland corn production in Kansas, 
where yield is often limited by late season drought stress . 

Banded Applications More Efficient
Application of P as a starter fertilizer is usually more efficient 

than broadcast applications, especially when inherent soil P 
levels are very low or for calcareous high pH soils above 7 .5 
(Shapiro et al, 2003) . For example, recommended P rates can 
be reduced by 1/2 when applied as a banded starter fertilizer 
compared to broadcast application (Table 1) . This is because 
banded starter applications result in less soil immobilization 
and more crop available P than broadcast applications, espe-
cially for high pH soils with low P levels . Use of a band-applied 
P starter is an especially appealing alternative to broadcast ap-
plication when P based fertilizers are extremely expensive .

Table 1. P fertilizer recommendations (Shapiro, et al, 2003) .

Soil P Level (ppm P) Relative 
Level

Amount of P to  
Apply (P2O5)

1

Sodium Bicarbonate Broadcast Band

0 -  3 Very Low 110 40

4 - 10 Low (100-50) (50-25)

11 - 16 Medium N/A 20
1 Data supplied by Ontario Agronomy Guide for Field Crops – Pub 811

Avoiding Salt Injury from Starter Fertilizers
The rate at which a starter fertilizer can be applied depends 

on the salt content or index of the fertilizer, proximity of starter 
to the seed, and soil texture (Hergert and Wortmann, 2006) . Salt 
index is a function of the sum of the N, P and S content in the 
fertilizer (Table 2, Mortvedt, J .J . “Calculating Salt Index”) .

Table 2. Salt index comparisons for commonly used starters, expressed 
as pounds of salt effect/gal and relative to 10-34-0 .

Product Analysis Salt Index,  
lb/gal

Value  
Relative to 

10-34-0

Ammonium  
polyphosphate 10-34-0 2 .28 1

7-21-7 7-21-7 3 .04 1 .33

Urea ammonium 
nitrate 28-0-0 6 .75 2 .96

Urea ammonium 
nitrate 32-0-0 7 .78 3 .41

Ammonium thiosulfate 12-0-0-26 30 .9 13 .55

The limits for application rates of 10-34-0 to help avoid salt 
injury as a function of fertilizer placement and soil texture are 
shown in Table 3 .

Table 3. Gallons of 10-34-0 4 that can be safely applied for corn2 in 30-
inch rows3 as influenced by distance from the seed and soil texture 
(Hergert and Wortmann, 2006 .)

Placement Sandy 
Soils

Non-Sandy 
Soils

10-34-0 (gal/acre) 1

With the seed (pop-up) 5 5

1/4 to 1/2 inch from the seed 10 10

1 inch from the seed 20 40

2 inches or more from seed 20+ 40+

1 Determine safe application rates for other fertilizers by dividing the 
value in Table 3 by the “Value Relative to 10-34-0” in Table 2 .

2 The safe application rate for soybeans is 1/2 of these values .
3 For row-widths narrower than 30 inches, the application rate may be 

increased . Multiply values by 1 .5 for 20-inch rows, 1 .36 for 22-inch 
rows, and 2 .0 for 15-inch rows .
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Salt damage is most pronounced when soil moisture is 
low, so adequate soil moisture at planting or rainfall soon after 
help minimize salt injury . To diminish the probability of salt in-
jury, avoid over-applying nitrogen, potassium or sulfur fertilizers 
close to the seed .

Corn grain yield increases from starter fertilizer  
applications are most likely:

•	 In northern portions of the Corn Belt, regardless of  
tillage practices 

•	 When	cultural	practices	such	as	no-till	or	minimum	 
tillage are utilized 

•	 On	coarse	textured	and	or	low	organic	matter	soils	

•	 On	poorly	drained	or	cold	soils	

•	 On	low	testing	P	and	K	soils	

•	 When	nodal	root	systems	are	severally	impeded	by	
stresses

•	 When	soils	pH	is	unusually	high	or	low	

•	 When	substantial	drought	stress	is	likely

Higher corn prices and changes in farming practices (e .g ., 
earlier planting) may create new roles for starter fertilizers  
beyond their traditional applications . One such role may be as 
insurance against prolonged, unfavorable weather conditions 
occurring soon after planting . Growers and agronomists are en-
couraged to continue testing starter fertilizer in a variety of field 
situations to further determine when and where these treat-
ments may be most responsive .
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Conclusions

Corn-after-Corn Production
Demand for corn remains strong causing some growers to 

consider including more corn in their crop rotation . For many, 
that means corn-after-corn production . Yield penalties for corn-
after-corn crop systems have been confirmed in small plot and 
on-farm research trials . The following numbers illustrate the 
typical results we see in corn-after-corn systems .

Figure 1. Data from The Corn and Soybean Rotation Effect . Lauer, Por-
ter, Oplinger . University of Wisconsin .
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Management Suggestions
It is possible to manage the major agronomic risks present 

in corn-after-corn production, including:

•	 Cooler,	wetter	soils	at	planting	

•	 Increased	disease	inoculum	

•	 Nitrogen	tie-up	(N	immobilization)

Cooler, wetter soils: It is not uncommon for soils to be five 
to 10 degrees cooler under corn residue compared to soybean 
residue early in the spring . Residue on the soil surface also 
causes fields to dry more slowly in the spring . 

Cold, wet soils slow germination, emergence and early 
growth of corn plants, sometimes leaving fields with thin, un-
even stands . Delay planting until soils are 50° F at a four-inch 
depth with a warming trend in the forecast . 

Selecting hybrids with strong stress emergence and early 
vigor is essential . 

Increased disease inoculum: Disease pathogens overwin-
ter in the previous crop’s residue, providing an inoculum source 
for the new crop . It is important to manage ear, leaf, and stalk 
diseases with resistant hybrids .

Timely scouting for disease is essential in corn-after-corn 
fields . Timely fungicide application is another tool to manage 
leaf diseases . If a hybrid is rated a five or below for leaf diseas-
es such as gray leaf spot or northern corn leaf blight, consider a 
foliar fungicide applied at VT . 

Avoid using the same hybrid two years in a row in the same 
field because diseases will capitalize on its weakness from the 
year before . Pioneer offers diverse genetics to maintain strong 
disease resistance .
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Figure 2. Cold, wet soils predispose corn seedlings to seedling blight 
and subsequent death leading to reduced stands .

Nitrogen tie-up: Microorganisms use nitrogen to break 
down the carbon in corn residue . Avoid surface applications 
of nitrogen that can be easily scavenged by microbes . Instead, 
band nitrogen at a seven- to eight-inch depth . This places the 
nitrogen under the residue but within reach of corn roots . And 
use starter fertilizer at planting to spoon feed nitrogen to the 
developing corn plant .

Residue Management with Tillage
As previously described, corn residue is detrimental to the 

entire life of the next corn generation . Increasing tillage inten-
sity to bury and decompose corn residue has been proven to 
increase yields . Note in the chart below that there is only a four 
percent yield loss when plowing and planting corn after corn 
compared to an 18 percent loss in no-till systems .

Figure 3. Long-term tillage study (1975-2008 data) . Purdue University . 
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Proper Set-up of Tillage Tools Is Important
Tillage tools are not all created equal, but almost all can be 

set up to bury or pass more corn residue .

Disks: Higher concavity blades and wider blade spacing 
move more soil . Consider weight per blade when buying a disk . 
Higher weight per blade is important to cut through tough stalks 
and move soil . 

Chisel Plows: Use twisted concave shovels instead of 
straight points to roll and move more soil .

Mulch Rippers: Run the widest ripper points available 
for maximum surface soil disturbance . Set blade engagement 

in the most aggressive position . Some companies sell cover-
boards that attach to the shank for more soil throw .

Mulch Finishers and Field Cultivators: Use wider shank 
spacing with wider shovels to maintain full-width tillage while 
passing heavy residue loads without plugging . Run spring-tooth 
harrows instead of spike harrows to pass more residue .

Residue Management with No-till
Some growers cannot use tillage as a management tool 

due to erosion concerns or equipment limitations . With residue 
management still a concern, some retailers promote UAN ap-
plied in the fall to speed decomposition . 

To understand the premise behind fall UAN recommenda-
tions, one must understand the biology and chemistry occurring 
in the soil . Residue breaks down through a biological process 
that leads to traceable nitrogen fluctuations in the soil called 
nitrogen immobilization and mineralization . In brief, specific mi-
croorganisms feed on carbon-rich substances (like corn resi-
due) but require nitrogen to live . When there is abundant plant 
material (carbon) in the soil, the microorganism populations 
increase dramatically . As the populations increase, the micro-
organisms break down the carbon while at the same time using 
up the nitrogen in the soil (immobilization) . When nitrogen lev-
els get low, the microorganism population declines, releasing 
nitrogen back into the soil (mineralization) . This nitrogen is then 
recycled by the soil microflora and the process begins again . 

The premise is that by adding nitrogen, microorganisms 
will not be limited, thereby speeding the breakdown of corn 
residue . Unfortunately, there is rarely a benefit seen in Midwest 
states . The chart below shows no statistical difference among 
treatments except at the high rate in 2000 .

Figure 4. Adapted from Final Report to the Wisconsin Fertilizer Re-
search Council . L .G . Bundy and T .W . Andraski . 2002 .
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Adding nitrogen in the fall rarely works because tempera-
tures are frequently too cold to allow much microbial activity . 
When no-tilling, the best advice is to skip the fall UAN, use row 
cleaners on the planter, and plant between the previous year’s 
corn rows . 

A corn-after-corn crop system can provide profitable re-
turns, but requires more management and is prone to more yield 
risk than corn after soybean . Following the tips above, along 
with selecting highly productive soils and hybrids that are suit-
able for corn after corn, will increase the chance for success .
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Brittle Snap Injury in Corn
“Brittle snap” or “green snap” refers to breakage of corn 

stalks by violent winds, most often occurring during periods of 
rapid vegetative growth . This weather-related phenomenon is 
reported most frequently in the Plains and Northern Plains ar-
eas of the U .S ., where high winds are more common . Violent, 
damaging windstorms also occur in more eastern corn-growing 
areas, but less frequently . Use of growth-regulator herbicides 
may increase brittle snap injury . 

During corn’s vegetative growth phase, rapidly elongat-
ing internodes are often brittle and susceptible to breakage . 
The two most common periods for brittle snap damage are V5 
to V8, when the growing point is just advancing above the soil 
line, and V12 to R1, or two weeks prior to tasseling until silking 
(Figure 1) . Upon reaching mature height the risk of brittle snap 
diminishes as cell walls are strengthened by the deposition of 
lignin and other structural materials .

Brittle Snap Injury at V5 to V8 (10 to 24 inches)
A corn plant at V5 (five visible leaf collars) is entering a 

period of rapid growth of roots, stalks and leaves . Stalk growth 
occurs by elongation of internode cells, which increases the 
rigidity of the stalk . Cell walls are extremely fragile at this rapid-
growth stage and stalk tissues are at a greater risk of brittle-
ness compared to other growth stages .

Brittle snap observed at this stage often follows a surge in 
corn growth and development stimulated by favorable rainfall 
and temperature . Breakage occurs below the growing point, 
at a stalk node at or near the soil surface (Figure 1) . Snapped 
plants will not recover, nor contribute appreciably to yield . Til-
lers may emerge in subsequent weeks, but in most cases will 
not set harvestable grain . Impact on yield will vary according to 
severity of stand reduction and subsequent growing conditions .

Brittle Snap Damage at V12 through Tasseling
From V12 through tasseling, the corn plant is undergoing its 

most rapid stage of growth, increasing in size from about 3 feet 
to its mature height in 3 to 4 weeks, or 2 to 4 inches of growth per 
day . A key factor increasing the incidence of brittle snap at this 
stage is the enlargement in leaf surface area and plant height, 

Figure 1. Snapped corn plants . Left: V5 to V6 growth stage . Right: VT 
(tassel) growth stage .

which increases wind resistance during a period of potentially 
severe thunderstorms and wind events . The most common sites 
for breakage at this stage are at the nodes – immediately below, 
at or above the primary ear node . 

Plants snapped at this stage often have visible ear shoots 
on the stalk shortly after the wind damage event (Figure 2) . 
However, the severely reduced leaf surface area usually results 
in limited or no grain production on injured plants .

Figure 2. Plants snapped at VT may develop ear shoots, but little contri-
bution to yield is expected .

Brittle Snap Severity Affected by Many Factors
The most important factor influencing brittle snap damage 

is the timing and severity of windstorms . In addition, any factor 
that stimulates, or conversely, hinders corn growth and devel-
opment prior to the wind event can influence the incidence or 
severity of brittle snap injury . This includes growing conditions, 
crop management practices, field characteristics, genetics and 
herbicides .

Even small differences in management or environment can 
impact the extent of damage, sometimes dramatically . Exam-
ples include planting date, nitrogen application rate and timing, 
and temperature just prior to the wind event . Unfortunately, any 
conditions which promote high yield and rapid growth may also 
promote greater brittle snap damage . This means fields with the 
highest yield potential are often damaged the most .

Straight line winds (often called wind “currents” or “down-
bursts”) can be highly variable across small geographies, caus-
ing damage to one field but not the one next to it . This is obvious 
when observing damage to telephone poles, trees or buildings 
after a storm, and applies to corn fields as well . 

Growth Regulator Herbicides and Brittle Snap
The V5 to V8 stage of development (~ 10- to 24-inch corn) 

often coincides with or is followed by the application window 
for postemergence herbicides . Growth regulator herbicides 
such as 2,4-D, dicamba or clopyralid control weeds by the dis-
ruption of several growth processes including cell enlargement, 
cell division, protein synthesis and respiration . 
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Growth regulator herbicides are translocated in both the 
xylem and the phloem to meristematic regions – areas of cell 
division and rapid growth – in shoots and roots . This includes 
the stalk nodes of corn, which are made more brittle by these 
herbicides, increasing the potential for breakage . Severity of 
brittle snap due to growth regulator herbicides is usually deter-
mined by several interacting factors:

•	 Weather	conditions	or	environment	near	time	of	herbicide	
application

•	 Corn	stage	of	growth

•	 Herbicide	rate

•	 Adjuvants	or	surfactants,	which	influence	uptake	of		the	
herbicide

•	 Agronomic	factors	influencing	hybrid	growth	and	 
development

•	 Hybrid	sensitivity

Managing the Risk of Brittle Snap Injury
Because brittle snap is a weather-related phenomenon, it 

is impossible to completely eliminate its risk . However there are 
several ways to reduce the risk:

•	 Plant a package of hybrids and maturities every year. Hy-
brids that differ in maturity go through their windows of sus-
ceptibility to brittle snap injury at different times . Planting a 
package of diverse hybrids spreads the risk of injury, as it is 
unlikely that all hybrids will be at the same stage of develop-
ment at the time of any one storm . 

•	 Plant a package of hybrids with varying brittle snap scores. 
When selecting hybrids with lower brittle snap scores, 
weigh the benefits in yield potential, early growth charac-
teristics or other beneficial traits against your historical ex-
periences with wind damage . 

•	 Manage growth regulator herbicide programs (including 
2,4-D, dicamba and clopyralid). On hybrids with lower brittle 
snap scores (2, 3 or 4): apply early - as soon as weeds are 
actively growing . If applying 2,4-D in taller corn with drop 
nozzles, delay application until after brown silk .

 Surfactants and nitrogen additives increase uptake and 
translocation of the herbicide in target weeds and corn 
plants, increasing the risk of crop injury . Always follow label 
instructions for proper rates and types of adjuvants .

•	 Evaluate crop insurance options in cases of increased risk 
of brittle snap (susceptible fields or hybrids). 

Pioneer’s Hybrid Ratings for Brittle Stalk
An important hybrid trait that can help growers manage 

brittle snap risk is Pioneer’s brittle stalk score . Pioneer® brand 
hybrids are rated on a 1 to 9 scale, with 9 indicating least risk 
of brittle snap injury and 1 indicating the highest risk . The score 
reflects research and field experiences of a hybrid’s tendency 
and frequency of brittle snap injury during conditions of rapid 

growth . The score combines a hybrid’s tendencies for breakage 
at both the early (V5 to V8) and near-tassel (two weeks before 
VT to R1) window of susceptibility . 

The scores are the combination of data from plots subject-
ed to artificial brittle snap and observations following natural, 
severe wind damage . Hybrids are scored relative to bench-
mark hybrids with a known brittle snap response . Thus, the 
brittle snap score provides a relative indication of risk of injury . 
Hybrids with lower scores – 2, 3 or 4 – have shown a greater 
incidence and severity of brittle snap injury . Scores of 5 or 6 
indicate a moderate risk, while scores of 7, 8 or 9 indicate a 
limited risk of brittle snap injury . Pioneer’s scores do not reflect 
injury enhanced by or due to interactions with growth regulator 
herbicides .

Unfortunately, there are no hybrids completely resistant to 
brittle snap, just as there are no hybrids resistant to hail, flood 
or many other weather-related causes of crop loss . All hybrids 
under the right environmental conditions and sufficient wind 
speeds can suffer brittle snap damage . 

Improving Hybrids for Brittle Snap Resistance
Pioneer researchers have addressed improvement of 

brittle snap resistance in corn hybrids by developing a mobile 
wind machine that simulates the variety and intensity of winds 
that occur during violent storms (Figure 3) . This invention was 
needed to help provide consistency and reliability to the hybrid 
scoring process, as natural storms causing brittle snap injury 
are infrequent and unpredictable . 

Pioneer’s proprietary 20-ton machine is capable of creat-
ing measured, reproducible turbulent winds of up to 100 mph 
that can sort out susceptible and resistant hybrids and genetic 
material . High-throughput testing is conducted at multiple de-
velopmental stages and multiple environments across North 
America . Results are compared with natural weather events 
to ensure the viability and predictability of the data . This ex-
traordinary technology, currently in its eighth year of use, has 
helped characterize and improve Pioneer’s hybrid offerings for 
brittle snap resistance and overall standability – essential traits 
for successful production as plant populations and grain yields 
continue to increase .

Figure 3. “Boreas,” Pioneer’s proprietary wind machine, creates winds 
that can exceed 100 miles per hour to test for brittle snap resistance 
and standability in corn hybrids .



20

OptimumTM AcreMaxTM Insect 
Protection
What is it?

OptimumTM AcreMaxTM insect protection products offer 
growers a single-bag refuge solution with built-in above-ground 
insect protection .

Optimum AcreMax products contain the following in a sin-
gle bag:

•	 95%	of	a	Pioneer® brand hybrid with Herculex® I (HX1) in-
sect protection pyramided with YieldGard® Corn Borer 
(YGCB) insect protection

•	 5%	of	a	similar	Pioneer	hybrid	with	only	herbicide	tolerance	
(RR2), which serves as the integrated corn borer refuge

System Benefits

Ultimate Simplicity
Optimum AcreMax insect protection products satisfy all of 

a grower’s above-ground refuge requirements in a single bag .

Maximized Farm Yields
By placing all of the needed above-ground refuge in a 

single bag, growers protect former refuge acres with broad-
spectrum insect protection . On-farm trials illustrate that Op-
timum AcreMax products yield the equivalent of pure stands 
of Herculex I insect protection products, which when planted 
across a grower’s operation would provide higher overall farm 
yield potential .

Technology Preservation
Optimum AcreMax insect protection provide growers a 

new option to reduce the risk of insect resistance and extend 
the viability of in-plant protection in the future .

Choice
To help growers get the right product on the right acre, Pio-

neer has developed two versions of single-bag refuge to meet 
their specific insect control needs:

•	 Optimum	AcreMax	insect	protection	for	above-ground	pro-
tection

•	 Optimum	AcreMax	XTreme	insect	protection	for	above-	and	
below-ground protection

2011 Field Trials
Pioneer conducted extensive on-farm trials in 2011 to eval-

uate the performance of Optimum AcreMax insect protection . 
On-farm trials included evaluations of Optimum AcreMax prod-
ucts with integrated corn borer refuge as well as the insect-
protected component (Pioneer hybrids with HX1 and YGCB in-
sect protection) without integrated refuge .

Optimum AcreMax and HX1+YGCB products yielded simi-
larly to Herculex I hybrids of comparable maturity across 4582 
locations and to Herculex I hybrids in the same hybrid family 
across 323 locations in 2011 (Figure 1) . These results demon-
strate that Optimum AcreMax products have similar yield per-
formance to Herculex I hybrids, while eliminating the need for a 
separate structured refuge .

Figure 1. Average yields of Optimum AcreMax and HX1+YGCB prod-
ucts compared to Herculex I hybrids in strip trials conducted in 2011 .

100

120

140

160

180

200

Co
rn

 Y
ie

ld
 (

bu
/a

cr
e)

Comparisons with Pioneer 
hybrids of similar maturity

Comparisons with hybrids
 in the same family

Optimum AcreMax and HX1+YGCB products
Herculex I hybrids

183.0 185.7 184.6 183.7

4582 locations 323 locations

Figure 2. Locations of strip trials with Optimum AcreMax and HX1+YGCB 
products in 2011 .

2011 data are based on average of all comparisons made in 4582 locations 
through Dec . 1, 2011 . Multi-year and multi-location is a better predictor of future 
performance . Do not use these or any other data from a limited number of trials 
as a significant factor in product selection . Product responses are variable and 
subject to a variety of environmental, disease, and pest pressures .  Individual 
results may vary .
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Twin Row Corn Study in Eastern Ontario               2011 

Results 

Objectives 

Study Description 

• Compare corn yield in a twin row configuration to 
corn planted in 30-inch rows. 

• Explore potential interactions in yield response to 
row spacing with plant population. 
 

Plot Design 

 
 

We would like to acknowledge our cooperators as well as Agriculture Canada- ECROC Ottawa for loaning us the light bar and for John Deere-
Greentech for the use of a tractor, planter and RTK equipment. 

Hybrid:  Pioneer® hybrid 38N88 (HX1,LL,RR2) 
Locations:  8 locations in the Ottawa Valley 
Factors: Row spacing, population 
Methods: 
• Plots were 20 ft wide (8 rows at 30-inch spacing) 
• All locations were tilled, on rotated ground with minimum 

residue. 
• In all fields, fertilizer was broadcast pre-plant and 

incorporated 
• All plots were planted using a JD 7000 4 row 30-inch 

planter. The planter drawbar was swung over 3.5” in order 
to create the twin row arrangement. 

• The planter was pulled with a RTK equipped tractor with 
narrow tires. 

Row Spacing Population (plants/acre) 

30-inch 32,000 
Twin Row 32,000 
30-inch  38,000 
Twin Row 38,000 
30-inch 42,000 
Twin Row 42,000 

• Final stands varied substantially from the targeted 
populations in some plots; therefore, results are 
only reported for comparisons where stands were 
similar between row configurations. 

• Yields were similar between twin row and 30-inch 
rows across populations; there was no apparent 
row spacing by population interaction. 

• 2011 results are preliminary. More research is 
needed to determine if twin rows may provide a 
yield advantage over 30-inch rows. 

® Roundup Ready is a 
registered trademark used 
under license from 
Monsanto Company. 

Ignite®, LibertyLink 
and the Water Droplet 
Design are trademarks 
of Bayer. 

Herculex® I Insect Protection technology by 
Dow AgroSciences and Pioneer Hi-Bred. ® 

Herculex and the HX logo are registered 
trademarks of Dow AgroSciences LLC. 

HX1 - Contains the Herculex® I Insect Protection trait for resistance to corn borer, LL - Contains the LibertyLink® gene for resistance to Ignite® herbicide, RR2 - Contains the Roundup Ready® Corn 2 gene.    
2011 data are based on average of all comparisons made in 8 locations through Dec 7, 2011. Multi-year and multi-location is a better predictor of future performance. Do not use these or any other data from a limited 
number of trials as a significant factor in product selection. Product responses are variable and subject to a variety of environmental, disease, and pest pressures.  Individual results may vary. 
PIONEER® brand products are provided subject to the 
terms and conditions of purchase which are part of the 
labeling and purchase documents. Pioneer is a brand 
name; numbers identify varieties and products. 

Canadian 
Agronomy 
Research 

201.2 

188.1 

202.1 
198.1 

190.5 

198.4 

160 

170 

180 

190 

200 

210 

32 38 42 

Co
rn

 Y
iel

d (
bu

/ac
re

) 

Final Stand (1000 plants/acre) 

30-inch Twin row 

4 comparisons 5 comparisons 7 comparisons 

Twin Row Corn Study in Eastern Ontario                                      2011



22

Optimizing Corn Seeding Rates
Average corn seeding rates used by growers in the U .S . and 

Canada have increased from about 23,000 seeds/acre in 1985 to 
over 30,000 seeds/acre today, or approximately 300 seeds/acre 
per year (Figure 1) . During the same time period, average U .S . 
yields increased from about 105 to nearly 160 bu/acre, or 2 bu/
acre per year (Figure 1) .
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Figure 1. Average corn seeding rates reported by growers in the U .S . 
and Canada (Pioneer Brand Concentration Survey, 2011), and average 
U .S . corn yields (USDA/NASS) .

These parallel trends suggest that increased seeding rates 
may have played a major role in corn yield increases over the 
last 25 years . This hypothesis is confirmed by research studies 
showing that higher seeding rates accompanied by improved 
stress tolerance in hybrids has indeed contributed to incremen-
tal yield gains over time . 

Higher plant density means increased competition be-
tween corn plants for available moisture, light and nutrients . 
When these vital resources are limited, interplant competition 
lowers individual plant yields . However, an increased number 
of ears per acre often more than compensates for individual ear 
reductions . In general, today’s hybrids are much more tolerant 
of plant density stress, but still have a density limit that may re-
sult in reduced yields when exceeded . 

Hybrid Improvements for Density Tolerance
A common high-stress response of original corn hybrids 

was “barrenness,” or the inability to produce an ear . Through 
generations of crossing and selection in stress environments, 
continual improvements were made . Because moisture is usu-
ally the most limiting resource in corn production, moisture-
restricted environments were used to screen potential parent 
lines and hybrids . In addition, the practice of growing plants in 
high density plots was used to create higher stress (or “limit-
ing”) environments by forcing more plants to compete for the 
same scarce resources, primarily moisture and light .

Improvement to hybrids has been continual since their 
inception, but changes have come more rapidly in the last 25 
years . Hybrids were developed with more upright leaves to cap-
ture needed sunlight in a smaller space . Many hybrids also have 
improved root systems for superior moisture uptake, and more 
efficient water utilization capabilities within the plant . These 
efficiencies result in successful silking and kernel formation in 
improved hybrids under the same moisture levels that resulted 
in pollination failure in older hybrids .

Figure 2. Improvements in stress tolerance have allowed corn hybrids 
to be grown at progressively higher populations for increased yields .

The end result of decades of targeted breeding is an im-
proved ability of modern corn hybrids to produce an ear under 
moisture and density stress, even though ears are progressively 
smaller under increasing stress . This means that when plant 
density optimums are exceeded, yields tend to level off rather 
than drop abruptly . This hybrid characteristic has changed the 
risk/reward equation in the growers’ favor . Because the risk is 
reduced that excess populations will decrease yields under dry 
conditions, growers can more optimistically plant higher popu-
lations that support increased yields when favorable conditions 
develop .

Documenting Hybrid Improvements
Pioneer routinely conducts research studies designed to 

measure genetic improvements in corn hybrids . In one such 
study, hybrids from the 1930s to 1990s were planted to achieve 
populations of 4,000, 12,000, 22,000, and 32,000 plants/acre (Du-
vick, 2005) . The grain yield responses of these hybrids to low 
and high plant densities are shown in Figure 3 .

Figure 3. Grain yield response to plant populations of hybrids from four 
eras of plant breeding . Vertical lines indicate optimum plant popula-
tions for each era (Duvick, 2005) .
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Note that yields of old vs . more modern hybrids did not 
differ at the lowest plant population (4000 plants/acre), and 
differed only moderately at 12,000 plants/acre . However, at 
higher plant populations of 22,000 and 32,000 plants/acre, hy-
brids were quickly separated by era, with older hybrids unable 
to compete with newer hybrids under density stress encoun-
tered at those populations . This clearly demonstrates that 
newer hybrids are improved over older hybrids in their ability 
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to maintain individual plant yield as populations increase . Mod-
ern hybrids also exhibit other improvements that lead to higher 
harvestable yields, including:

•	 Superior	stalk	and	root	strength
•	 Higher	leaf	area	index	for	increased	light	interception	
•	 Higher	rates	of	leaf	photosynthesis
•	 Higher	radiation	use	efficiency	during	grain	filling

Current Trends in Corn Seeding Rates 
The average seeding rate across the U .S . and Canada is 

about 30,600 seeds/acre, but average rates differ widely by 
state, productivity level of the field, hybrid, and grower prefer-
ence . In the two major corn-producing states and in Minnesota, 
over half of corn acres are now seeded at rates exceeding 
33,000 seeds/acre (Figure 4), and the average seeding rate in 
those states now exceeds 32,000 seeds/acre (data not shown) . 
Acres planted at 33,000 seeds/acre or above now exceed 30 
percent in North America as a whole, having grown by nearly 15 
percentage points in the last three years . A Pioneer survey also 
revealed that growers with farms exceeding 500 corn acres re-
port using higher seeding rates than those with smaller farms .

Figure 4. Percent of corn acres with seeding rates above 33,000 seeds/
acre in major corn-producing states and in all of North America . 
Source: Pioneer Brand Concentration Survey.
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Pioneer Agronomy Sciences Studies
Each year, Pioneer Agronomy Sciences researchers study 

plant population responses in multiple environments across the 
U .S . and Canada . These studies test individual hybrid responses 
to increasing density, and also allow researchers to evaluate 
more general population trends . One such trend is plant popula-
tion response by “field productivity” level  (Figure 5) . 

The red arrows on the graph indicate the optimum eco-
nomic seeding rate using a corn grain price of $6 .00 per bu, and 
a seed cost of $3 .00 per 1000 seeds . The economic calculation 
assumes that a 5 percent overplant is needed to achieve the 
target plant population . As the graph indicates, the optimum 
economic seeding rate was about 27,000 seeds/acre for low-
yielding fields below 150 bu/acre . At yields of 150-170 bu/acre 
and 170-190 bu/acre, the optimum seeding rates increased to 
near 32,000 and 33,000 seeds/acre, respectively .

As yields increased above 190 bu/acre, the seeding rates 
generating the most income increased by about 1000 seeds/
acre for each 20 bu/acre increment of yield (top four curves on 
graph), from 35,000 seeds/acre at yield levels of 190-210 bu/acre 
to 38,000 seeds/acre at yields above 250 bu/acre .
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Figure 5. Corn grain yield response to plant population by location yield 
level, 2006 to 2010 (n is the number of observations within a yield range) .

Seeding Rate Recommendations
Environmental conditions may reduce plant populations 

below optimum levels, including seedbed conditions, adverse 
weather patterns, and soilborne diseases and insects . Consider 
the following points when choosing your seeding rate:

•	 Boost	target	populations	by	5%	when	seeding	early	maturity 
hybrids . Pioneer and university studies have shown that 
these hybrids often have a slightly higher population optimum .

•	 In	general,	plan	to	drop	5%	more	seeds	than	the	target	pop-
ulation to account for germination or seedling losses . 

•	 Extreme	 environments	 may	 require	 increasing	 seeding	
rates by 10 percent over target populations . These include 
no-till or high-residue seedbeds, high-clay, cloddy or other 
tough seedbed conditions, and early planting into cold soils . 

•	 In	 drought-prone	 areas,	 seeding	 rate	 targets	 are	 lower.	
Base your seeding rate decision on specific hybrid popula-
tion response at historical yield levels of the field .

•	 Maintain	your	planter	by	replacing	worn	parts	and	checking	
adjustments so that it seeds at the desired population with 
consistent seed spacing .

•	 Consult	 your	 Pioneer	 sales	 professional	 for	 optimum	 eco-
nomic seeding rates of each Pioneer® brand hybrid, hybrid 
placement, and best seed treatments for your environment .

•	 Pioneer’s	 online	 Planting	 Rate	 Calculator	 allows	 users	 to	
generate custom planting rate recommendations based 
on selected hybrid, grain price, seed cost and yield level: 
https://www .pioneer .com/prc

Optimum Planting Rate by Hybrid
The “optimum economic planting rate” is the rate at which 

maximum profitability is achieved when considering seed cost, 
corn grain price and yield . The following population response 
curves and economic optimums were calculated using a seed 
cost of $3 .00 per 1000 seeds and a corn grain price of $5 .10/bu .
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Figure 11. 38M58 (94 CRM, HX1, LL, RR2) planting rate response .
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Figure 13. P9623HR (96 CRM, HX1, LL, RR2) planting rate response .
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Figure 12. P9519HR (95 CRM, HX1, LL, RR2) planting rate response .
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Figure 6. P7213R (72 CRM, RR2) planting rate response .

34 42 50

N
et

 I
nc

om
e/

Ac
re

Optimum Economic Planting Rate (seeds/acre) = 30,700

Grain Price ($/bu) = $5.10

Seed Cost ($/1000) = $3.00

Seeds/acre (x1000) at Planting

$550

$600

$650

$700

$750

$800

2618

Figure 10. P8622HR (86 CRM, HX1, LL, RR2) planting rate response .
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Figure 8. 39D95 (79 CRM, RR2) planting rate response .
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Figure 7. P7443R (74 CRM, RR2) planting rate response .
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Figure 9. 39V05 (80 CRM, RR2) planting rate response .
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Figure 14. P9675XR (96 CRM, HXX, LL, RR2) planting rate response .
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Figure 19. P0118HR (101 CRM, HX1, LL, RR2) planting rate response .
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Figure 21. P0448XR (104 CRM, HXX, LL, RR2) planting rate response .
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Figure 20. P0216HR (102 CRM, HX1, LL, RR2) planting rate response .
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Figure 15. P9807HR (98 CRM, HX1, LL, RR2) planting rate response .
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Figure 18. P9917XR (99 CRM, HXX, LL, RR2) planting rate response .
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Figure 17. P9910XR (99 CRM, HXX, LL, RR2) planting rate response .
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Figure 16. P9855HR (98 CRM, HX1, LL, RR2) planting rate response .
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Figure 22. P0453HR (104 CRM, HX1, LL, RR2) planting rate response .
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Figure 25. P0891XR (108 CRM, HXX, LL, RR2) planting rate response .
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Figure 24. 35F37 (105 CRM, RR2) planting rate response .
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Figure 23. P0474HR (104 CRM, HX1, LL, RR2) planting rate response .
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Row Width in Soybean Production
Row width is one of the management practices most often 

considered by growers as potentially important to increased 
soybean yields and profits . Extensive research studies con-
ducted over many locations and years have compared drilled 
narrow rows vs . 30-inch rows in soybeans, and have generally 
shown a significant yield advantage for drilled narrow rows . In 
recent years, however, drilled soybeans have fallen out of favor 
in many areas, likely due to inferior seed placement and singu-
lation capabilities of drills vs . planters, and the cost of planting 
additional seeds . As a result, soybeans planted in 15-inch rows 
have gained in popularity as a way to capture some of the yield 
benefit of drilled narrow rows while using a planter instead of 
a drill . Research on soybeans in 15-inch rows is less extensive, 
having been conducted mostly within the last 10 to 15 years as 
this row spacing has gained popularity .

Recent Row Spacing Research
A review of soybean row spacing studies published within 

the past 10 years generally confirms previous results compar-
ing 30-inch rows and drilled narrow rows . In five studies, drilled 
soybeans outyielded 30-inch row soybeans by an average of 4.1 
bu/acre (Figure 1, Table 1) . Six studies that compared 30-inch 
rows and 15-inch rows found similar results, with 15-inch rows 
holding a 3.6 bu/acre yield advantage . Yields were similar be-
tween 15-inch row and drilled narrow-row soybeans in these 
studies .
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Figure 1. Average yield results from seven soybean row spacing stud-
ies published during the last ten years .

Study Location Years
Row Spacing (in)

7.5 15 30
1 Indiana 05-06 X X X
2 Iowa 04-06 X X
3 Maryland 00-02 X X
4 New York 08-09 X X X
5 Ontario 98-00 X X X
6 Wisconsin 97-99 X X X
7 Wisconsin 97-01 X X X

Table 1. Locations, years and row spacings included in soybean row 
spacing studies summarized in Figure 1 .

1: Hanna et al ., 2008; 2: De Bruin and Pedersen, 2008; 3: Kratchovil et al ., 2004; 
4: Cox and Cherney, 2011; 5: Janovicek et al ., 2006; 6: Bertram and Pedersen, 
2004; 7: Pedersen and Lauer, 2003 .

Because most of these studies used higher seeding rates 
with narrower rows, increased seed costs partially offset the 
narrow-row yield benefit . Higher seeding rates with narrower 
rows have been a common practice, particularly with drilled 
soybean; however, not all research supports this practice . A 
study conducted in 2008-2009 (Cox and Cherney, 2011) found no 
row spacing by seeding rate interaction for soybeans planted 
in 7 .5-inch, 15-inch, and 30-inch spacings . Recent research 
conducted in Iowa had similar results, indicating that narrow-
row systems do not necessarily require a greater harvest stand 
to maximize yield (Pedersen, 2008) . Historically, less accurate 
seed placement made higher seeding rates necessary with 
drills; however, improved seed placement with newer precision 
drills has reduced this need . In light of these findings, seed cost 
may not be a requisite consideration for row spacing decisions .

Current Row Spacing Trends
In recent years, soybean acreage in North America has 

been somewhat evenly divided between drilled, 15-inch, and 
30-inch row spacings . However, row spacing practices vary 
widely across different areas . Among the four largest soybean- 
producing states there are substantial differences in row  
spacing practices, with a majority of growers in Illinois and 
Indiana favoring 15-inch and narrower spacings, compared to 
Iowa and Minnesota where soybeans planted in 30-inch rows 
are much more common (Figure 2) . Row spacings of 36 inches 
and wider are rare in the northern and central Corn Belt, but 
more common in southern raised-bed systems . Similarly,  
22-inch rows are common in sugar beet producing areas such 
as Minnesota, but not generally found elsewhere .
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Figure 2. Soybean row spacings (in inches) in the four largest soybean-
producing states in 2009 as a percent of total acres (USDA-NASS) .
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One consistent trend across North America over the last 
several years has been the move away from drilled soybeans . 
Drilled soybeans have declined from 29 percent of soybean acres 
in 2006, to 21 percent in 2011 (Figure 3) . Even in areas such as Can-
ada and the northeastern U .S . where drilled narrow rows is still 
the most common soybean row configuration, drilled acreage 
has dropped over the last five years . Planters generally provide  
better seed placement and seedling emergence than drills, 
which has helped reduce seeding rates and associated 
costs, although improvements in seed placement with newer 
drills make this less of an issue than it has been in the past  
(Holshouser et al ., 2006) .

Figure 3. Changes in soybean acreage planted in the most common 
row spacings from 2006 to 2011 in North America . Source: Pioneer 
Brand Concentration Survey.
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In many cases, this decline in drilled soybeans has been 
accompanied by an increase in acres planted to 15-inch rows, 
which is now the most common row spacing for soybean . How-
ever, acreage planted to 30-inch rows has also increased in 
almost all regions of North America over the last few years, 
reversing the long-term trend away from wide rows . In some 
areas this increase has been substantial . For example, Illinois 
went from 18 percent to 29 percent of soybean acres planted 
to 30-inch rows over the last five years (USDA-NASS survey) .  
This recent shift toward wider row spacings runs counter to 
the higher yields consistently demonstrated in narrower rows, 
which indicates that other factors beyond yield are driving 
grower decisions in this area . 

Factors Driving Row Spacing Trends

Equipment and Time Management
Other than yield, the most important factor driving soybean 

row spacing practices is equipment and time management  
during the planting season . One of the key issues growers must 
consider is whether the economics of their farm justify having 
a machine dedicated specifically to planting soybeans . Larger 
farms are more able to justify the expense of a dedicated  
soybean planter and provide an operator for it . Thus, they are 
more likely to be planting soybeans in 15-inch rows (Figure 4) . 
For smaller farms, it may be more practical to share a soy-
bean planter with another crop, such as a drill with wheat or a  
30-inch planter with corn . This often results in more 30-inch or 
drilled soybeans for smaller farms .

Figure 4. Soybean row spacing utilization according to farm size in 
2011 (Small = 100-249 soybean acres, medium = 250-499 soybean acres, 
large = 500+ soybean acres) . Source: Pioneer Brand Concentration 
Survey.
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As farms get larger, more acres must be planted in a short-
er amount of time . To plant more acres during the available 
window, some growers have opted to use their 30-inch planter 
for soybeans . Because 30-inch planters are typically wider 
than 15-inch planters, they can cover the ground more quickly . 
Another option – owning a second planter specifically for  
soybeans – allows both crops to be planted at the same time, 
resulting in earlier completion of soybean planting . However, 
the total number of operator hours spent planting would be 
greater and the second planter would require a second opera-
tor, which may not always be feasible . It is difficult to weigh the 
potential yield benefit of narrow-row soybeans against equip-
ment costs, time constraints and operator availability required . 
Equipment and workload considerations are unique for every 
farm operation and ultimately come down to the needs of each 
individual grower .  

White Mold
A key factor driving the recent in-

crease in soybeans planted in 30-inch 
rows is Sclerotinia stem rot (Sclero-
tinia sclerotiorum), or white mold . 
White mold development is favored by 
cool and wet conditions during soy-
bean flowering, conditions that were 
widespread in the Midwestern U .S . in 
2009 . Soybean variety selection, row 
spacing and seeding rate are impor-
tant factors influencing white mold 
development and a good management 
strategy should address all three . Seeding rate generally  
appears to have a greater effect on white mold severity than 
row spacing (Lee et al ., 2005) . Changing from drilled narrow-row 
soybeans to 15-inch row spacing in areas where white mold is 
prevalent is likely a good move, particularly when accompanied 
by a reduction in seeding rate . The benefit of moving to a  
30-inch spacing is less clear and is not generally recommended 
by university pathologists for reducing white mold, particularly 
given the likely reduction in yield potential . However, in areas 
with frequent white mold incidence, wide rows may provide 
some benefit .   
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Other Row Spacing Considerations

Foliar Fungicide and Insecticide Applications
The need for fungicide and/or insecticide applications 

may also impact row spacing decisions . When an application 
is made during vegetative growth, plants are generally able to 
compensate for damage caused by the sprayer wheels with 
little reduction in yield . For applications made following the R1 
growth stage, which would include most foliar fungicide and  
insecticide applications, wheel damaged areas will have lower 
yield . A research study conducted in Delaware and Virginia 
found significant yield reductions due to sprayer wheel damage 
in R4 soybeans planted in 7 .5-inch and 15-inch row spacings, 
whereas soybeans planted in 30-inch and wider row spacings 
did not sustain any sprayer wheel damage (Holshouser and  
Taylor, 2008) . Actual yield loss due to wheel traffic will vary ac-
cording to boom width (Table 2) .

Table 2. Soybean yield loss due to sprayer wheel damage in 7 .5-inch 
and 15-inch row spacings with four different boom widths (Holshouser 
and Taylor, 2008) .

Row 
Width

Boom Width

45 60 90 120

-----% yield loss-----

7 .5 inch 3 .8 2 .8 1 .9 1 .4

15 inch 4 .5 3 .5 2 .3 1 .7

Weed Control
The growing prevalence of weed populations resistant to 

glyphosate has made weed management more challenging in 
some areas; consequently, it is becoming increasingly neces-
sary to consider the impact of cropping system factors such 
as row spacing on weed growth . In general, weed growth will 
be reduced in soybeans planted in narrower row spacings and 
earlier shading by the soybean canopy will help suppress the 
emergence of new weeds . The extent of this effect will vary by 
weed species and weed emergence timing relative to the crop 
(Hock et al ., 2006) .

Planting and Harvest Efficiency
Crop residue can be an important consideration when 

planting soybeans, particularly in the northern Corn Belt where 
residue management is more of a challenge . Some growers in 
high residue systems prefer wider rows because there is more 

room to deposit residue between the rows, which helps prevent 
residue interference with planting and emergence .  

Narrow-row soybeans offer some harvestability advantag-
es over soybeans in 30-inch rows . The lowest pods will tend to 
be higher in narrow-row soybeans, potentially reducing harvest 
losses . The more even distribution of plants in narrow rows also 
allows plants to feed into the combine head more smoothly, al-
though some growers have found that harvesting 30-inch row 
soybeans at an angle can help improve harvestability .

Conclusions
Recent research studies have shown a three to four bu/acre 

yield advantage for soybeans planted in drilled narrow rows or 
15-inch rows compared to 30-inch rows . In spite of this clear  
advantage, row spacing preferences vary greatly across North 
America, and 30-inch row soybeans are common and even 
gaining in many areas . This demonstrates that many different 
considerations beyond simply yield potential can affect the best 
practices for each individual grower . Factors such as equip-
ment costs, workload management, and disease management 
all play an important role . When those issues are accounted 
for, narrow-row planting is not necessarily the best economic 
choice for all operations . Because of this complexity, no  
one-size-fits-all answer should be applied . Rather, each grower 
should carefully consider the costs, risks and benefits of  
soybean row spacing options in their operation .
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Basics of Soybean Fertility
Soil and Plant Testing

Managing soybean fertility should begin with regular soil 
testing . Soil testing is a valuable and inexpensive tool for ascer-
taining the nutrient and pH status of a particular field and guid-
ing field input decisions . Soil tests should be taken every three 
to four years and sent to a reputable lab for analysis . 

Standard soil tests generally measure pH, buffer pH (or 
lime test index, which is buffer pH x10), available phosphorus 
(P), exchangeable potassium (K), calcium (Ca), magnesium 
(Mg), cation exchange capacity (CEC) and organic matter (OM) . 
Note that soil test values may be reported in either pounds per 
acre (lb/acre) or parts per million (ppm) . To convert ppm into  
lb/acre, multiply ppm by 2 .

Micronutrient soil tests will report amounts of the other nu-
trients (at a greater cost), but these quantities do not always 
correlate well with nutrient application recommendations in 
agronomic crops . Tissue testing in-season is recommended for 
identifying and confirming micronutrient deficiencies indicated 
by soil tests .

When diagnosing a suspected in-season nutrient deficiency, 
take soil and tissue samples from a normal area of the field in 
addition to the affected area . Comparing these reports will give 
additional insight into possible nutrient issues and increased 
confidence in diagnosis and confirmation of a deficiency . 

Soil pH
The pH of a soil is a measure of the acidity or concentration 

of hydrogen ions in the soil solution . Many chemical and bio-
logical processes in the soil are affected by pH, and maintaining 
pH in the proper range will maximize the efficiency of other crop 
inputs and decrease the risk of yield losses . Soybeans thrive in 
the pH range of 6 .0 to 6 .8 (in mineral soils) . Figure 1 shows the 
availability of essential nutrients as a function of soil pH .

Figure 1. Relative availability of plant nutrients by soil pH .

4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10
pH

Iron

Manganese

Molybdenum

Copper and Zinc

Boron

Magnesium

Calcium

Sulfur

Potassium

Phosphorus

Nitrogen

Most of these nutrients are more available within than be-
yond this optimal pH range . Note also that some nutrients be-
come less available as pH rises above 6 .8, so “blanket” applica-

tions of lime above this point may be detrimental to the crops . 
Another reason for keeping pH in the desired range is to support 
beneficial microorganism activity in the soil, particularly Brady-
rhizobium japonicum, which is responsible for fixing nitrogen in 
soybean root nodules .

Nitrogen (N)
Soybean is a high-protein crop and requires a large quan-

tity of nitrogen (N) to synthesize amino acids and proteins . As 
a legume crop, however, soybeans supply most of their own N 
needs by fixation of atmospheric N2 into ammonium (NH4

+), a 
form that is readily available to the plant . Additional N is scav-
enged from the soil through organic matter cycling and rainfall 
deposition to supply N needs not met by nodulation .

Research has shown that if ammonium or nitrate is avail-
able to be absorbed from the soil when nodules are present, 
N-fixation will decrease proportionally . For this reason, N fer-
tilization in soybeans rarely results in agronomic or economic 
yield increases when nodulation is normal, and is generally not 
recommended . However, research in some irrigated, high-yield 
environments has demonstrated that N applied during the pod 
or seed stages of soybean development may increase yield .

Phosphorus (P) and Potassium (K)
Phosphorus (P) and potassium (K) are macronutrients, or 

nutrients that are needed in relatively large quantities com-
pared to others . The content of both P and K in soybeans is high 
relative to that of corn and wheat on a per bu basis . A 60 bu/acre 
soybean crop would remove about 48 lbs P2O5 and 84 lbs K2O 
from the soil in the grain . By comparison, a 200 bu/acre corn 
crop would remove more P (74 lbs P2O5) and less K (54 lbs K2O) .

Soil testing should be used to determine the levels of plant- 
available P and K . These nutrients must be in high enough  
quantities in the soil to prevent plant deficiencies, but once this 
critical level is reached, additional yield gains with higher levels 
of P and K are generally not realized . University studies put the 
critical level for P in the range of 30 to 40 pounds per acre . The 
critical level of K is more variable at about 90 to 150 lbs/acre, 
depending on the CEC of the soil . 

Symptoms of K deficiency include yellowing of the margins 
of the leaves, starting with the older, lower leaves . Note the yel-
lowing pattern beginning at the leaf margins in Figure 2 .

Figure 2. Potassium deficiency in soybeans . Photo courtesy of Robert 
Mullen, Ohio State University .
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Phosphorus deficiency symptoms include stunting, spindly 
stems and dark-green to bluish coloration of plant tissue . Fertil-
izing on a crop-removal basis with P and K can be a good agro-
nomic practice once the critical levels are reached . In research 
studies, banding P and K usually does not produce consistently 
better yield results than broadcast applications . Fertilizers 
should not be placed with the soybean seed due to risk of seed-
ling injury and stand loss from salt-induced stresses associated 
with fertilizers . 

Sulfur (S) and Magnesium (Mg)
Sulfur (S) is an important plant nutrient that is available 

in the soil from cycling of organic matter and atmospheric de-
position . Sandy, low organic matter soils are associated with S  
deficiencies . Also, atmospheric deposition of sulfate in the east-
ern Corn Belt and northeast is typically higher than in the Great 
Plains and Midwestern states due to the operation of coal-fired 
power plants . Soybeans with S deficiencies will exhibit pale 
green-yellow color in topmost leaves .

Soybeans require 20 to 25 pounds of S per year, and in 
cases of high organic matter soils or manured fields, a high per-
centage is derived from the soil . Ammonium sulfate, ammonium 
thiosulfate, gypsum, potassium sulfate, magnesium sulfate and 
elemental sulfur are potential sources of supplemental S . 

Magnesium (Mg) deficiencies are relatively uncommon, 
but may occur in areas of acidic, sandy soils . Interveinal chlo-
rosis and mottling will occur on deficient plants, starting with 
the lower (older) leaves . These areas may appear bronzed or 
speckled as the deficiency progresses . 

Magnesium is usually reported in standard soil test and tis-
sue test reports . The critical level for exchangeable Mg in the soil 
is 50 ppm or 100 lb/acre . The simplest method for supplementing 
soil Mg is by the use of dolomitic limestone, magnesium sulfate 
or potassium magnesium sulfate . In some cases, excessive K in 
the soil can hinder the plant’s ability to take up Mg . 

Micronutrients
Compared to the macronutrients, micronutrients are equally 

necessary for plant growth and yield, albeit in smaller quanti-
ties . Since only small amounts are required, there is a narrow 
margin between “sufficient” and “toxic” rates for some micro-
nutrients .

Highly productive soils usually contain sufficient micro-
nutrients for optimum crop growth, but specific soil environments 
or features and weather patterns can result in deficiencies . Soil 
pH adjustments may increase micronutrient availability in some 
cases, though some deficiencies are induced by other factors, 
such as organic matter and texture .

Manganese (Mn) – One of the more common micronu-
trient deficiencies observed in soybeans is manganese (Mn), 
which is most likely to occur in coarse, dry, high pH and high 
organic matter soils . Manganese deficiency symptoms include 
interveinal chlorosis on the newest (topmost) leaves while the 

Figure 3. Manganese-deficient soybean plants . (Photo courtesy  of Ron 
Gehl, North Carolina State University) .

veins remain green (Figure 3) . Manganese is fairly immobile in 
the plant, rendering symptoms on the newest soybean leaves .

Consistent field history of Mn deficiencies may guide the 
decision-making for a soil-applied Mn amendment, but fo-
liar applications are also appropriate for treatment with a Mn 
product . Test soybean tissue (20 topmost trifoliate leaves with 
stems or petioles removed) to confirm Mn deficiency before ap-
plication . Research reports that less than 21 ppm in the tissue 
indicates low Mn, and crop 
response may result from fo-
liar Mn treatment from growth 
stage V6 to R1 . 

Iron (Fe) – Iron deficien-
cy chlorosis (IDC)  symptoms 
are similar to those of man-
ganese, with interveinal chlo-
rosis and severe stunting, and 
are usually associated with 
native high pH soils . This con-
dition is yield-limiting in many 
soybean fields in the northern 
and western U .S . Primary management practices include vari-
ety selection, iron chelate treatments and increased soybean 
seeding rates . 

Variety Selection – Because soybean varieties vary widely  
for tolerance to IDC, variety selection is the first and most  
important step in managing this problem . Pioneer Hi-Bred 
has a significant research effort to screen its soybean va-
rieties in areas with IDC . This effort allows Pioneer to rate  
existing varieties as well as identify new varieties that can help 
growers overcome yield losses to IDC . Pioneer® brand variet-
ies are rated on a one to nine scale where one indicates poor 
tolerance and nine indicates excellent tolerance . If growers are 
planting into an area with a history of IDC, they should select 
varieties with an IDC score of six, seven or eight .
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Canola Response to Foliar Fungicide    2011  

Results 

Rationale and Objective 

Study Description 

• Foliar fungicides have traditionally been employed in canola crops in 
Western Canada for the management of fungal pathogens, especially 
sclerotinia stem rot (Sclerotinia sclerotiorum). 

• Recently, some foliar fungicide products have received registration on 
canola for the management of the blackleg pathogen (Leptosphaeria 
maculans); one of these fungicides is Headline® (pyraclostobin). 

• The objective of this study was to evaluate the effect of Headline 
fungicide on canola yields in grower managed field trials when applied 
at the in-crop herbicide spray timing (2-6 leaf) versus an untreated 
check (no fungicide). 

• Field scale strip trials were conducted at 11 locations across Western 
Canada under natural disease infestation and grower practices. 

• Hybrid: Grower’s choice of Pioneer® brand canola hybrid 
Treatments: (20-40 acres per treatment) 

Treatment 1: Untreated check 
 Herbicide system alone applied at 2-6 leaf stage. 
Treatment 2: Headline fungicide treatment 
 Herbicide system + Headline sprayed at 2-6 leaf stage. 

• A minimum of a 1000 ft. strip from each treatment was taken to yield. 

Blackleg Agronomic Information 

Canadian Agronomy Research 

• Blackleg is a seed and soil borne fungal pathogen that can 
infect a canola plant throughout its entire lifecycle. Yield 
losses due to this disease vary depending upon the level of 
infection; however, this pathogen is found in many of the 
canola growing areas of Western Canada. 

• Genetic resistance is the main method of managing this 
disease. Using canola hybrids with an R rating for blackleg 
(the highest rating for resistance) can minimize the impact 
of blackleg on canola yield; however, even the most 
resistant hybrids are not immune to disease development. 

• In addition to genetic resistance, crop rotation (i.e. use of 
non-host crops) and fungicides have been shown to reduce 
disease and protect overall crop yield. 

• The application of fungicide at spray timing resulted in an 
average yield increase of 0.66 bu/acre.   

• Yield responses at individual locations ranged from -5.2 
bu/acre to +4.8 bu/acre, however a positive yield response 
was observed at 73 percent of the locations.  

Yield Response to Fungicide Treatment at 11 Locations across Western Canada 
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Headline 0.66 bu/acre 73% 44.7 bu/acre 

2011 data are based on average of all comparisons made in 11 locations through Nov 18, 2011. Multi-year and multi-location is a better 
predictor of future performance. Do not use these or any other data from a limited number of trials as a significant factor in product selection. 
Product responses are variable and subject to a variety of environmental, disease, and pest pressures.  Individual results may vary. 

PIONEER® brand products are provided subject to the terms and conditions of 
purchase which are part of the labeling and purchase documents. Pioneer is a 
brand name; numbers identify varieties and products. 

® Headline is a registered trademark of BASF. 
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Canola Response to Foliar Fungicide                                             2011
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Grain Bag Storage of Canola
In recent years grain bags (“silobags”) have been increas-

ingly used by western Canada producers as a late-season stor-
age option for canola . Grain bags offer two key advantages over 
traditional grain bin storage: first, bags are portable, so they in-
crease efficiencies with less grain hauling; and second, bags 
can temporarily store high moisture grain, such as canola (with 
proper management to keep grain in good condition) .

Canola seed in grain bags (Photo source: Tom Boyle)

Many producers are employing bag storage for high mois-
ture canola, as there is a perception that bag storage is superior 
to that of bin storage . Reducing spoilage is one of the main rea-
sons as bag storage is airtight and spoilage cannot occur in the 
absence of oxygen . Bags may be a welcome storage solution in 
late October when growers are trying to finish canola harvest; 
and it can solve the problem of where to store high moisture 
canola in the short term . However, at some point in time high 
moisture canola stored in bags will require conditioning or dry-
ing in order to be sold or stored long term . 

It is very important to monitor grain bags throughout the 
storage period . Grain temperature should be monitored at least 
twice per week until temperatures stabilize or decrease to safe 
levels . Ideal temperature for stored canola is below 15 degrees 
C and 8% moisture . It is also critically important to monitor the 
grain bags for tears as birds and other animals such as deer 
can puncture holes in the bag allowing air it get inside and ulti-
mately lead to crop spoilage .

University of Manitoba stUdy: First-year results of a re-
cent study showed that bags can be an effective tool in manag-
ing high moisture canola, but are not necessarily a long term 
storage solution . The University of Manitoba, in collaboration 
with Agriculture and Agri-Food Canada, examined the effect of 
various moisture contents of canola seed stored in grain bags 
over approximately a year-long period . The moisture con-tents 
examined in the study were 8, 10, and 14% respectively . The 
bags were sampled on a bi-weekly basis; moisture, temperature 
and seed quality were assessed at various positions in the bag 
(top, middle, and bottom) .

Preliminary results showed that in all treatments the mois-
ture content of the canola located at the top of the bags was 
higher than the other areas of the bag due to moisture migra-

tion inside the bag . The temperature of canola seeds near the 
bottom of the bags was higher than other parts of the bag, and 
canola seeds near the top of bags were close to the ambient air 
temperature . The researchers also found that canola seeds can 
be stored at less than 10% moisture content in grain bags for 10 
months without significant quality deterioration (assuming stor-
age begins in October) . Higher moisture canola seed (higher 
than 14% moisture content) can only be stored for a short period 
of time (less than few months) without any quality deterioration . 
Further testing is required to assess the quality changes of ear-
lier harvested (mid to late August) canola stored in bags .

factors affecting storage QUality: There are many fac-
tors that affect the quality of canola in storage, including seed 
maturity and condition, seed moisture and temperature, length 
of storage, moulds, insects and mites, dockage, cultivar type, 
climate, and the storage and handling methods used . Cool, wet 
environmental conditions are not favorable at harvest time and 
in these types of situations many producers will harvest canola 
with higher moisture contents . In this situation the producer 
must decide what type of storage to use . 

Placing high moisture canola in a bag or bin can result 
in spoilage if not monitored and managed properly . In high-
moisture situations, seed conditioning is required to prevent 
spoilage and keep the canola is good condition . Conditioning 
involves moving air through the grain mass to prevent spoil-
age that results from moisture migration and seed respiration . 
Canola harvested above 8 to 9% moisture must be conditioned, 
especially if grain temperatures are above 25º C . The objective 
for long-term successful storage is to cool the seed below 15º 
C and lower moisture content to 8% . “Aeration and/or ‘turning’ 
canola can be an effective way to prevent spoilage, but if mois-
ture levels are above 10% to 12%, growers need to consider 
heated air drying . Currently, there is no way to condition high 
moisture canola that is stored in a bag . Therefore it must be 
removed and conditioned in a bin .
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Sclerotia bodies from previous 
infections can survive in the soil 
for many years. This is the source 
of the disease.

Sclerotia bodies germinate to 
form apothecia (fruiting structure).

Apothecia produce wind borne 
ascospores that land on canola 
petals/dying plant material.

Infected petals/dying plant 
material fall onto canola leaves 
and the infection process 
begins. Lesions are formed.

Infection occurs and the 
disease progresses within 
the plant. Symptoms 
(lesions) start to become 
visible. 

Sclerotia bodies grow inside 
the infected canola stem.

Sclerotia bodies are added to the soil during 
harvest operations. This adds to the source of 
the disease (inoculum) for future infestations.
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Sclerotinia
disease cycle 

One of the greatest challenges facing 
growers is the difficulty in diagnosing 

the threat of sclerotinia before it appears. 
With wide distribution, multiple hosts, long 
term survival and billions of spores, getting 
a jump on the disease is crucial.

Sclerotinia can survive in the soil for five 
years or more as irregular shaped fungal 
bodies called sclerotia. These sclerotia  
germinate in the summer and produce 
apothecia which are mushroom shaped 
structures that produce and release  
ascospores. These spores travel by wind, 
land on canola petals which are the food 
necessary for the spores to germinate, grow 
and infect the canola plant. The infection 
spreads from the petal to the canola plant at 
the leaf axil. The infected branch may then 
die or ripen prematurely and shatter before 
the healthy crop is mature. There can also 
be plant-to-plant infection following lodging 
as infected plants contact healthy plants 
thereby spreading the disease.

Sclerotinia is a true hidden yield robber. 

One of the greatest problems with the 

disease is that once you see symptoms 

in your field, it’s too late to apply any 

control measures.

Derwyn Hammond agrees the economic 

impact of sclerotinia can certainly be  

detrimental to growers. He notes the rule 

of thumb is that on average you get half 

the yield out of infected plants, which 

means for every one per cent incidence 

(one per cent of plants affected), the 

yield loss for a field will be about half a 

percent. “But it all depends on how early 

the infection comes in – earlier incidence 

allows more time for the disease to 

spread throughout plants and kill them 

prematurely, typically leading to higher 

losses,” he says.

According to Kristin Hacault, Pioneer 

agronomy research manager, in 2010, 

sclerotinia caused Western Canadian 

canola growers hundreds of millions  

of dollars in lost revenue.

 “In 2010 sclerotinia cost western  

Canadian growers an estimated $600  

million in lost revenue,” says Hacault.  

By planting a Pioneer® brand hybrid  

with the Pioneer Protector sclerotinia 

resistance trait you reduce disease  

incidence levels by over 50 per cent, 

thereby reducing yield loss. In addition 

you get the benefits of season long  

protection against sclerotinia.

Yield Loss (%) = 0.5 x Disease Incidence (%)  

With sclerotinia on the radar for the last 

couple of seasons due to an increase 

in moisture conditions and widespread 

incidence and severity in some areas, it’s 

very clear that genetics can play a key 

role in combatting this costly disease.

Disease cycle detail:

Sclerotia are overwintering fungal bodies 
that can survive for many years in the soil

Sclerotia germinate to produce apothecia 
under prolonged moist soil conditions

Apothecia release airborne ascospores

Ascospores infect petals or other  
connecting tissue

A fallen petal is used as a nutrient source 
for the fungus and enables it to colonize 
on healthy leaves or stems

Sclerotinia lesions are initially accompanied 
by a white mould growth and will show 
premature ripening above the point of 
infection

Advanced lesions become bleached and 
shredded; sclerotia develop within the 
infected tissue and eventually drop to the 
soil or are harvested with the seed

Economic  
impact of  
sclerotinia  
stem rot 1

2

3

3

4

5
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Sclerotinia stem rot, also known as white 
mould, is one of the most devastating diseases  
in canola production. With much of the 
prairies having above average to excessive 
moisture the past two years, sclerotinia is  
one disease that requires attention.

Sclerotinia is usually most severe in the  
higher moisture areas of the prairies. But 
with the right combination of adequate  
moisture and susceptible host, heavy  
infections can develop almost anywhere.  
Disease severity and the resulting effect on 
yield will vary according to temperature,  
rainfall (environment), and especially the 
stage of crop growth at the time of infection.

According to Derwyn Hammond, resource 
manager with the Canola Council of Canada 
at Brandon, Manitoba, environmental  
conditions are drivers of the disease in terms 
of severity. “So it really varies, depending on 
geography. For instance, southern Alberta 
and southern Saskatchewan, which tend to 
see moisture deficits more frequently, have 
traditionally had less of an issue, but here  
in Manitoba it’s much more common.”

The 2010 Provincial Disease Surveys  
(Manitoba, Saskatchewan, Alberta) found 
that 82 per cent of canola crops across the 
prairies were affected by sclerotinia, with  
an average incidence of 21 per cent.

Faye Dokken-Bouchard, plant disease  
specialist with Saskatchewan Agriculture, 
says that based on reports and observations 
from the field, it seemed like many crops in 
2011 that had a good stand – a thick stand 
and therefore more likely moist under the 
canopy – had some sclerotinia, whereas the 
thinner crops with more airflow were not 
as bad. “We received many questions about 
spraying fungicides this year, so it is likely 
that some farmers sprayed as well, which 
helped keep the incidence down.”

•   Saskatchewan:   
91 per cent   
of canola crops surveyed 
had sclerotinia, with an  
average disease incidence 
of 20 per cent

•   Manitoba:   
88 per cent   
of canola crops surveyed  
had sclerotinia, with an  
average disease incidence  
of 31 per cent

•   Alberta:   
64 per cent   
of canola crops surveyed  
had sclerotinia, with an  
average disease incidence  
of 15 per cent

(NOTE: Incidence is defined as the number of plants out of 100 that show visible signs of sclerotinia infection in a field. For example, 20 plants infected out 
of 100 equates to 20 per cent incidence.)

What you need to know!

2010 Provincial Disease Surveys

Sclerotinia stem rot
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Field scouting and agronomic practices  
are still vitally important in assessing and 
preventing sclerotinia infection. However, 
despite disease forecasting checklists which 
aid in fungicide spray decisions, control of  
sclerotinia continues to challenge canola 
producers prairie-wide.

In the past four years Pioneer Hi-Bred has 
introduced four sclerotinia resistant canola 
hybrids – Pioneer® brand 45S51, 45S52, 46S53 
as well as VR9557GS. 

Pioneer large scale 
on-farm sclerotinia 
field trials indicate  
a greater than 50 
per cent overall 
reduction  
in sclerotinia 
infection with  
a resistant  
hybrid vs.  
susceptible hybrid. 

2010 On-Farm Sclerotinia Trials,  
13 locations, Pioneer Agronomy Sciences.

45H28
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47

49

51

45S52

47.9 bu/ac

50.0 bu/ac

Resistant genetics greatly reduce the risk 

of sclerotinia infection and provide season 

long protection against the disease.

“Genetic resistance can really help manage  

this disease,” says Derwyn Hammond, 

resource manager with the Canola Council 

of Canada. Even if it doesn’t completely 

eliminate sclerotinia and you need to intervene 

occasionally with a fungicide, having a 

background level of resistance can really 

help alleviate some of the risk associated 

with choosing not to spray and having the 

weather change to favour the disease. “It 

also provides some reduction in the disease 

if you miss the opportunity to spray at the 

Genetics 

Management 
options:

1. Crop rotation

2.  Sclerotinia resistant hybrids

3. Foliar fungicide 

Effective and economical management  
of sclerotinia requires decisive action prior 
to symptom development. 

Because sclerotinia incidence can vary 
greatly among fields and years, automatically  
scheduling fungicide spraying is not  
profitable. Assessment of disease risk  
within each field is essential to improve the 

Integrated sclerotinia 
management tools:

The future of genetics 

Level of Sclerotinia Disease Resistance
Susceptible Resistant

PRODUCT DELIVERY
Improved Traits in Improved Products

45H29
45S51

45S52
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GREATER THAN

50%
REDUCTION
of sclerotinia in  
your canola crop

odds that fungicides are only applied when  
it is economical to do so.

ideal bloom stage due to weather  

or equipment issues, adds Hammond.”

Eradicating sclerotinia is likely impossible,  

according to both Hammond and Dokken-

Bouchard. Indeed, sclerotinia is a bigger 

challenge in that it has a wide host range. 

Lentil, pea, chickpea, soybean and  

sunflower, and to a lesser degree flax,  

are all host crops.

“So even if canola genetics are quite  

effective, you have other host crops that 

don’t have those genetics,” notes Hammond. 

“Therefore, you still maintain that inoculum 

load in your farming system as a whole. 

That means ongoing pressure when  

conditions are conducive.”

Dokken-Bouchard says that while incidence 

of sclerotinia can be based mainly on 

weather, management practices are crucial 

in handling the disease as best as you 

can. Because the pathogen can survive as 

sclerotia in the soil for several years and all 

the broadleaf crops in Saskatchewan crop 

rotations are susceptible, eradication is  

not possible.
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• Reduction in incidence   • Peace of mind   • Convenience   • Season-long control

Deciphering Sclerotinia Resistance in canola hybrids

1
High 

level of 
diseased  

plants

6
Moderate

level of
diseased

plants

9
Trace

level of
diseased

plants

45S52
(sprayed)

45H28
(sprayed)45S52

(unsprayed)

45H28
(unsprayed)

Unsprayed  
non-resistant hybrid

Unsprayed 
resistant 
hybrid

Non-resistant hybrid  
with fungicide

Resistant hybrid  
with fungicide

Increasing level of disease resistance in hybrids

The future of genetics 

Pioneer Hi-Bred offers top performing Pioneer Protector® 
canola hybrids. The Pioneer Protector hybrids provide  
growers with leading seed genetics and insurance against 
one of canola’s worst diseases.

45S5245S51 46S53
Pioneer Protector®

 
Canola hybrids

Exclusively available from your Pioneer Hi-Bred sales representative
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SMART Wheat: Managing Wheat Intensively to Assess Yield Potential 

• Research conducted in the UK and elsewhere has shown 
evidence of a positive interaction between fungicide and 
nitrogen inputs in their effect on wheat yield. 

• OMAFRA and the University of Guelph conducted small plot 
and field-scale trials from 2008-2010 in order to: 
• Look for evidence of a similar positive interaction 

between inputs in Ontario wheat production. 
• Assess the maximum yield potential of wheat under 

Ontario growing conditions. 

Results 

Rationale and Objectives 

Study Description 
Locations: 52 farms across Southwestern Ontario 
Years: 2008-2010 
Treatments: Small-plot factorial trials 
• Nitrogen rate: 90, 120, and 150 lbs/acre 
• Fungicide treatment: T1, T3, and T1+T3 timings 

Treatments: Field scale trials 
• 90 lbs/acre N with no fungicide 
• 90 lbs/acre N with T1+T3 fungicide applications 
• 150lbs/acre N with T1+T3 fungicide applications 

Research trials were targeted to early planted, high yield fields; 
predominantly planted to soft red winter wheat.  

Project Credits and Acknowledgements  
• Thank you to Peter Johnson, OMAFRA and Dr. David Hooker, University 

of Guelph for conducting this project. 
• Thanks to all the cooperators, technician Shane McClure and 

administrator Marian Desjardine. 
• Financial support from: Agriculture and Agrifood Canada, CanAdvance 

program, Ontario Wheat Producers Marketing Board, and the Middlesex 
Soil and Crop Improvement Association. 

 Pioneer Agronomy Sciences  ®, TM, SM Trademarks and service marks of Pioneer Hi-Bred.  © 2011, PHII  

Canadian Agronomy Research 

2008-2010 data are based on average of all comparisons made in 52 locations during 2008 through 2010. Multi-year and multi-location is a better predictor of future performance. Do not use these or any other 
data from a limited number of trials as a significant factor in product selection. Product responses are variable and subject to a variety of environmental, disease, and pest pressures. Individual results may vary. 

• Small plot trials indicated an interaction between effects of 
nitrogen rate and fungicide treatments on wheat yield: 
• Average yield increases over the check (90 lbs/acre N, 

no fungicide) were 6.4 bu/acre with high nitrogen (150 
lbs/acre) and 6.7 bu/acre with T1+T3 fungicides. 

• The combined additive yield effect of these treatments 
would be expected to be 13.1 bu/acre, but actual yield 
increase in small plot trials averaged 18.1 bu/acre. 

• Field-scale trials showed results similar to the small plot trials: 
• Average yield increase with T1+T3 fungicide treatments 

was 7.3 bu/acre over the check. 
• Average yield increase with T1+T3 fungicide treatments 

and high nitrogen rate was 20.3 bu/acre over the check. 
• Results from these trials show that intensive management can 

dramatically increase wheat yield in Ontario production. 
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HX1 = Contains the Herculex® I trait . Herculex® I Insect 
Protection technology by Dow Agro-Sciences and  
Pioneer Hi-Bred . ®Herculex and the HX logo are  
trademarks of Dow AgroSciences LLC . 

HXX = Herculex XTRA (contains the Herculex I and Herculex 
RW traits) . Herculex® XTRA Insect Protection technology by 
Dow Agro-Sciences and Pioneer Hi-Bred . ®Herculex and  
the HX logo are trademarks of Dow AgroSciences LLC . 

LL = Contains the LibertyLink® gene . ®LibertyLink is a 
registered trademark of Bayer . 

RR2 = Contains the Roundup Ready® Corn 2 gene .  
®Roundup Ready is a registered trademark used under 
license from Monsanto Company . 

RR = Contains the Roundup Ready® gene .  
®Roundup Ready is a registered trademark used under 
license from Monsanto Company .

®  AGROTAIN and AGROTAIN PLUS are registered trademarks of Phosphate 
Resource Partners Limited Partnership and is licensed exclusively to 
AGROTAIN International LLC . 

® ESN is a registered trademark owned by Agrium, Inc .
® Headline is a registered trademark of BASF .
® Instinct and N-Serve are registered trademarks of Dow AgroSciences LLC .

The DuPont Oval Logo, DuPontTM and The miracles of scienceTM are registered trademarks  
or trademarks of E . I . du Pont de Nemours and Company . E . I . du Pont Canada Company  
is a licensee . Member of CropLife Canada .  
© Copyright 2011 E . I . du Pont Canada Company . All rights reserved .

Trademarks and service marks licensed to Pioneer Hi-Bred Limited . Pioneer® brand products 
are provided subject to the same terms and conditions of use which are part of labelling and 
purchase documents . Pioneer is a brand name, numbers identify products . © 2011 PHL

YGCB = Contains the YieldGard® Corn Borer gene . ®YieldGard and 
the YieldGard Corn Borer design are registered trademarks used 
under liscense from Monsanto Company . is a registered trade-
mark used under license from Monsanto Company .


