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Introduction 

 
Correct nitrogen (N) management is essential for sustainable corn (Zea mays L.) produc-

tion. While N fertilizer is an expensive input, this nutrient is critical since corn is in general very 
responsive to N fertilization. Proper N management is important not only in terms of profitability 
but also environmental protection. Anhydrous ammonia (NH3) is an important source of N 
fertilizer in much of the US Corn Belt, with some states applying close to fifty percent of their N 
in this form. This source of N is injected in the soil during fertilization to reduce losses to the 
atmosphere. Nitrogen losses to the atmosphere have negative effects to the environment and 
represent a lost input to the farmer. For these reasons, there have been many studies conducted to 
determine the appropriate depth, speed, and soil conditions to minimize losses (Jackson and 
Change, 1947; Stanley and Smith, 1956; Baker et al., 1959; Wagner and Smith, 1958; Abo-Abda, 
1985). There is growing pressure to move N application from fall to spring and sidedress times to 
try to reduce the potential of N loss. This pressure (which also shrinks time of application to a 
smaller time-frame) comes at a period when farm size is increasing, the use of no-till or other 
tillage systems with minimal crop-residue disturbance is desired for soil conservation purposes, 
and reduction in fuel consumption is important to reduce production costs and carbon emissions. 
All these factors makes it necessary to investigate the possibility of applying anhydrous ammonia 
with equipment that allows faster application, lower fuel consumption, and minimal disturbance 
of the soil. Applications at shallow depths, as long as ammonia losses are maintained at an 
acceptable low level, may be a possible way to achieve these desired outcomes. Recently, a high 
speed low draft (HSLD) applicator, most commonly known as John Deere 2510H, was developed 
to inject anhydrous ammonia at shallow depth with minimal soil disturbance. Our objectives were 
to: compare a prototype of the HSLD injection system to a John Deere conventional till knife 
(TRAD) applicator; to compare corn plant stand, growth, and grain yield response to the two 
application systems; and to evaluate the impact of ammonia application method, timing, and rate 
on plant N status and grain yield. 

 
Materials and Methods 

 
This study was conducted over three growing seasons (2007-2009), at three locations 

(Illinois, Iowa, and Kansas) in loam to clay loam soils depending on the year and location, with 
soybean (Glycine max. L. Merr.) as the previous crop. Corn was planted on 30-inch row spacing 
in plots 10 ft. wide by 50 ft. long with an additional 50 to 100 ft. to ramp-up tractor speed and  
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ammonia flow to operating condi-tions before the treatment area. A factorial arrangement of the 
two anhydrous ammonia systems (TRAD and HSLD), three application times [late fall after bare 
soil temperatures at 4 inches below the surface were <50°F (FA) only in 2008-09, spring pre-
plant (SP), and sidedress (SD)], and five N rates (0, 80, 120, 160, and 200 lb N acre-1) was 
replicated four times in a split-plot arrangement with time of application as the main plot in a 
randomized complete block design. FA and SP applications were in-row (future corn row), while 
SD was between every other row around V4 development stage. It is important to note that since 
the sidedress was between alternate rows, the N rate was double per injection system knife. 
Anhydrous ammonia was applied at 7 inch depth and 6 miles hr-1 with the TRAD system and 4 
inches and 8 to 10 miles hr-1 with the HSLD system. 
  

Plant population was determined before sidedress application and again approximately 14 
days after application in the same row areas as before. Plant height was also measured at that 
time. At approximately V10 development stage leaf N status was determined by different 
methods: SPAD meter (Minolta SPAD-502 meter), and NDVI (normalized difference vegetative 
index) with a Holland Scientific Crop Circle ACS-210 optical, active light, canopy sensor. In 
Kansas, N status was measured by chemical analysis of ear leaves collected at R1. Corn grain 
yield was determined by harvesting the center two rows of each plot with a plot combine, with 
yields adjusted to 15.5% moisture. Data were analyzed statistically using PROC MIXED of SAS 
(SAS, 2004) with location and year as random factors.  

 
Results and Discussion 

 
Across all site-years, corn was highly responsive to N fertilization (Fig. 1). The economic 

optimum N rate (EONR) calculated at 0.1 N:corn price ratio was 145 lb N acre-1 and the yield at 
EONR was188 bu acre-1. We also observed that time of application has an important effect on 
corn yield. The EONR and yield at EONR was very similar between spring pre-plant and side-
dress N applications (Fig. 2). These two application timings produced higher yields with lower N 
rates relative to the fall application time. This is likely because the longer the period between N 
application and absorption by the crop, the greater the chance that N will not be available for the 
crop. However, fall applications are often less expensive because they require less transportation 
and storage. They also provide logistical advantages such as generally better soil physical condi-
tions in the fall to protect soils from compaction during fertilizer application, saving time in the 
spring and allowing early planting, and better distribution of labor and equipment. Since the loss 
potential of N is often greater with fall applications, measures should be taken to minimize such 
losses. Fall applications should be done only in soils and regions where potential for N loss are 
low. Fall N applications should not be done in soils that are sandy, organic, very poorly drained 
or excessively drained, or in regions where soils rarely freeze or the time lapse between 50°F and 
soil freezing is too long (Fernández et al., 2009). Also, nitrification inhibitors can provide addi-
tional protection against loss. However, the length of time that inhibitors remain effective in the 
soil also depends partly on soil temperature since warmer temperatures breakdown nitrification 
inhibitors more quickly. Nitrification inhibitors are normally most effective for fall applications 
or in wet springs for pre-plant applications (Fernández et al., 2009).  
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Across all site-years, we observed that the TRAD system allowed higher rates of applica-
tion with less N loss compared to the HSLD system. While N losses from the highest rate of 
application produced a significant yield reduction (Fig. 3), the lower yield was not related to 
insufficient nitrogen availability since the application rate was above the averaged economical 
optimum N rate of 145 lb acre-1. Further examination of the data indicated that the drop in yield 
was the result of seedling injury for the spring pre-plant application in 2008 and 2009 in Iowa 
(Fig. 4) and canopy damage by ammonia losses during sidedress application in Kansas in 2009 
(Fig. 5). In Iowa there was visual seedling damage, root burn, and delay emergence due to 
ammonia toxicity with the HSLD system at the highest three N rates, while no problems were 
detected with the TRAD system. Thus, anhydrous ammonia applications, especially for spring 
pre-plant, should be avoided directly under the corn row with the HSLD system. The observed 
damage is likely the result of a very short distance between the point of ammonia release (4 
inches) and the seed depth (2 inches). In the shallow anhydrous ammonia placement treatment it 
is possible that planting was done within the ammonia retention zone. Also, excavation of 
injection tracks visually showed less fracture of the soil and a smaller “void” at the point of 
injection with the HSLD system relative to the TRAD system. This would also increase the 
tendency of ammonia to move upward with the HSLD system. Ammonia losses with the HSLD 
system during sidedress application in Kansas were related to excessively high soil moisture 
content and smearing of the soil sidewall during application. These conditions produced sub-
stantial visual anhydrous ammonia gassing during application and plant tissue damage. In 
general, ammonia volatilization losses occur during—or soon after— application when the 
application is not fully retained in the soil by organic matter and soil water. Because anhydrous 
ammonia moves out into the soil until it is all dissolved in soil water, it is lost more easily from 
shallow placement. This problem was probably exacerbated by the fact that N rates per knife 
were doubled for the sidedress application (due to injection between alternate rows). Also, 
whenever there is a direct opening from the point of injection to the soil surface, some ammonia 
will escape to the atmosphere; thus, it is important to apply into soil conditions that allow full 
closure of the applicator track. In Kansas, post-application ammonia losses were quantified. 
Regardless of the time of application, the HSLD system had consistently greater post application 
emission losses at higher N rates than the TRAD system, especially when soil conditions were 
dry. Finally, in-season plant measurements across all site-years produced similar results to those 
previously noted for grain yield, thus these data are not shown. 
 

Conclusions 
 

We observed that while the HSLD allows faster speed of application and less horsepower 
requirements per opener, the shallow depth of injection could cause N loss and yield reduction 
when soil conditions are not near ideal for the application. Thus, while the HSLD system 
provides an alternative to the TRAD system, soil conditions and placement with respect to the 
crop row are important considerations, especially at high N rates. Applications should not be done 
near the seed-row and high N rates should be avoided, especially when applications are done on 
every other row.  
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Figure 1. Corn response to nitrogen rate averaged over three years (2007-2009) and three 
locations (Illinois, Iowa, and Kansas). Values followed by the same letter are not 
significantly different P>0.05. 
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Figure 2.  Corn response to nitrogen rate averaged over a 2-year period (2008-2009) as 
impacted by time of application. Open symbols represent actual data and closed 
symbols represent optimum points for the different application times calculated at a 
0.1 nitrogen price:corn price ratio. 
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Figure 3.  Corn yield averaged over 3 years (2007-2009) and three locations (Illinois, Iowa, and 
Kansas) as impacted by nitrogen rate and anhydrous ammonia application system 
[high speed low draft (HSLD) applicator and traditional anhydrous ammonia mole-
knife injection (TRAD) applicator]. **Indicate treatment difference for the specific 
set of bars at P<0.05. 
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Figure 4.  Seedling injury and root burn caused by spring pre-plant shallow placement of 
anhydrous ammonia with the high speed low draft (HSLD) applicator.  
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Figure 5. Gaseous losses of anhydrous ammonia during sidedress application with the high speed 
low draft (HSLD) applicator at the rate of 200 lb N acre-1. 
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