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Abstract 

The irrigation by nitrogen fertilizer study provided an opportunity to study nitrate 
leaching under different inputs of both. Passive capillary samplers below the root zone 
indicated that there was no leaching of water or nitrate during the summer and fall of 
1992, but leaching occurred during the winter precipitation period in 1993. Soil profile 
nitrate concentrations were measured to determine the loss of nitrate for each treatment.

Introduction 

Nitrate is a potential contaminant of groundwater at levels above 10 mg/1 nitrogen (N). Non- 
point source nitrate originates in animal manures and commercial fertilizers, especially for 
high-valued crops where nitrogen is abundantly applied and the root zone is shallow. The 
fundamental question is how much nitrogen is required to produce optimum yields of 
peppermint, and how much nitrate is lost below the root zone. 

With growing concern over environmental pollution, including agricultural contributions of N 
in the form of nitrate to groundwater, it is imperative to know the N rates for optimum 
economic yield, as well as N rates for minimal groundwater contamination. The present N- 
fertilization practice for central Oregon is to apply a total of 250-300 lb/ac of N to a 
peppermint crop divided into several applications. Although peppermint yields best under 
high N fertilization, the fact that multiple applications are practiced suggests that much of the 
N is lost. Only 150 lb/ac of N is accounted for by the above-ground plant (Hee, 1974). The 
remaining 100-150 lb/ac may be lost below the root zone due to excessive irrigation. The 
process of nitrification transforms fertilizer N to nitrate, a very soluble N form which is then 
susceptible to being carried below the root zone by excess applied water. 

Tested together, irrigation and nitrogen factors will provide data on the amount of N lost 
below the root zone. The loss of N due to leaching beyond the root zone is a water 
management as well as a fertilizer management problem. These two studies are being 
conducted together in order to study the interactions of irrigation and N. 

Objectives 

The objective was to investigate management practices for their effect on nitrate leaching 

*This study was supported by the Oregon Mint Commision, Oregon Department of Environmental Quality and 
Exxon Chemical of Canada. 
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Figure 2. Passive capillary sampler installed in April 1992 at Madras, OR. 

Soil sampling for nitrate and ammonia determination was conducted in the first and second 
replication. Soil cores were taken to a depth of 5 ft with a hand core sampler for the top 
2 ft, and a hydraulic core sampler for the remaining 3 ft. The soil was extracted with 2 N 
KC1 then analyzed for inorganic N (Wescan Model 360, Alltech Assoc. Inc., Deerfield, 
IL). 

Results 

Leaching of Nitrate--PCAPS  
Throughout 1992, the PCAPS samplers did not intercept any water during the growing 
season. The neutron probe and Watermark data showed water contents were not at 
saturation near the PCAPS, which corroborated our conclusion of no leaching. 

In March 1993, leachate was obtained from the PCAPS. High winter precipitation likely 
contributed to the leaching. A weather station within 1,000 ft of the site measured 7.11 
inches of precipitation from October 1992 to March 19, 1993, the date of our first PCAPS 
sample. No readings were taken during that winter period due to snow accumulation. 
Because the samples sat in the PCAPS the entire winter, we do not know the time that 
leaching occurred. Also, many of the PCAPS collection bottles were full, which may have 
underestimated the leachate depth. It is also important to keep in mind that the peppermint 
was replanted over the PCAPS in May 1992, and that during the season, the plants were not 
at full cover. 

68



 
The nitrogen concentration (nitrate plus ammonia), leachate depth, and total nitrogen loss of 
the PCAPS solutions are shown on the following pages in Figures 3, 4, and 5, respectively. 
These graphs are designed to show the PCAPS data with irrigation level constant in the 
vertical direction, and N level constant in the horizontal direction. Increasing levels of 
irrigation and N are downward and to the right. 

The nitrogen concentration of the leachate (Figure 3) ranged from a low of 20 mg/1 to a high 
over 300 mg/1, an order of magnitude difference. The USEPA drinking water standard is 10 
mg/l. In general, N6 (250 lb/ac) had the highest concentration and N2 (150 lb/ac) the 
lowest. The NO treatment was fertilized at a 250 lb/ac rate during establishment in 1991 and 
the medium rate may be a result thereof. The highest irrigation level, 15, consistently had 
the highest concentration. 

Concentration must be considered with the total leachate. In Figure 4 the March leachate is 
colored in black. Although all plots (supposedly) received the same precipitation, the March 
leachate was highly variable. During the summer of 1993 the PCAPS showed some leaching 
in the IS irrigation treatment, but relatively little in the 14 and 13 irrigation levels. As 
mentioned previously, the 1993 irrigation was managed to be in excess for the IS treatment. 
These results showed that little, if any, nitrate was lost during the growing season under well 
managed irrigation. Thus the leaching of nitrate occurs primarily during the winter months, 
December to March, when central Oregon receives over half its precipitation. 
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