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Abstract 

A line-source sprinkler experiment on peppermint was used to test the effects of 
irrigation and nitrogen fertility at the Central Oregon Agricultural Research Center in 
Madras, OR. Dry matter and oil yield were greatly affected by irrigation level and N- 
fertilizer level. Oil quality was influenced by irrigation level, but not by N rate. The 
pressure chamber instrument sensed plant water stress over long periods, but daily data 
was less sensitive to stress. The infrared thermometer gave highly variable data for. 
detecting plant stress. Measurements with a modified gypsum-block sensor 
(WATERMARK) compared well with water content measured with the neutron meter. 
Passive capillary samplers below the root zone indicated that there was no water 
leaching under this years' management system. Soil profile nitrate concentrations were 
measured to determine the loss of nitrate for each treatment. 

Introduction 

Irrigation management 

It is conceivable that the optimal irrigation management of peppermint may include water 
stress to produce more oil yield. Knowledge of plant water stress and soil moisture is 
necessary for irrigation management, and plant stress instruments are being tested for their 
potential use in irrigation scheduling. 

Many mint growers in the Northwest believe that a certain amount of water stress may 
improve mint oil yields (Weber, 1978). Loomis (1976) proposed a stress management 
theory to increase leaf retention. However, other scientists have found that mint produces 
optimum yield at highest levels of irrigation (Clark and Menary, 1980). Preliminary results 
of peppermint irrigation studies at Purdue University suggest that full irrigation is the optimal 
management practice (Simon and Joly, 1989). Scientists have also found that reducing 
irrigation early in the season did not seem to stress the mint plant (Clark and Menary, 1980). 

*This research was supported by the Oregon Mint Commission, Exxon Chemical Canada, the Oregon Center for 
Applied Research, and the Oregon Department of Environmental Quality. 
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If the stress theory is true, it will be necessary to find an appropriate way to schedule 
irrigations. Scheduling for controlled stress will depend upon instruments that directly 
monitor crop stress such as pressure bombs, infrared temperature sensors, the neutron probe, 
or moisture blocks. Scheduling with these instruments requires field calibration for each 
specific crop. In addition to answering questions on the yield and quality of mint under 
water stress, our objectives were to find an instrument for irrigation scheduling that would be 
most appropriate for mint in this region. 

Nitrate fertility and leaching 

Nitrate is a potential contaminant of groundwater at levels above 10 ppm 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 
nitrogen (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. These 
two rates are probably not the same, but research can indicate how close they are, and thus 
define the discrepancy between what is environmentally nonpolluting and what is 
economically beneficially to the grower. The present N-fertilization practice for central 
Oregon is to apply a total of 250-300 lbs of nitrogen 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 lbs of N is 
accounted for by the above-ground plant (Hee, 1974). The remaining 100-150 lbs 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 that is then susceptible to being carried below 
the root zone by excess applied water. 

Fertilizers that release nitrate slowly have the promise of reducing nitrate leaching. 
Supplemental additions of N in the irrigation water have been found to increase oil yield 
under some situations (Heuttig, 1969). This is now a common practice among growers. The 
yield response to summer applied N may result from applying N as the plant requires it. 
This suggests that N may be washed out of the root zone by rainfall or excess irrigation. If 
excess irrigation is responsible for N loss, then the use of a slowly soluble N fertilizer should 
increase the amount of N available to the plant. 

The questions of slow-release N fertilizer require knowledge of the quantity of water and N 
fertilizer needed for optimal oil yield. 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 and fertilizer management problem. These two 
studies are being conducted together in order to study the interactions of irrigation and N. 
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The objectives of the study were to verify (or disprove) the theory that managing irrigation to 
induce a moderate, controlled level of water stress can improve oil yield and quality, and to 
determine the relationship between stress and oil production. Alternative techniques for 
irrigation scheduling for water stress were evaluated. The fertility objectives were to test 
various rates, and nitrification inhibitors, to increase peppermint oil yield. 

Materials and Methods 

The research was carried out at the new Central Oregon Agricultural Research Center 
(COARC) in Madras, Oregon on second-year peppermint, variety' Murray'. The mint had 
been planted in March 1991, and tilled to enhance stand in February 1992. A line-source 
sprinkler system was set up to control applied water to the experimental plot. The line- 
source system is a low cost method for applying water at different rates to different sectors 
of the plot. The trial was replicated eight times, and nitrogen treatments were super-
imposed on the irrigation treatment in the fashion of a factorial experiment. Plots were 25 
ft x 8 ft with the longest side parallel to the sprinkler line. 

Irrigation water was applied at five rates based on water loss from the fourth irrigation level, 
with 15 receiving full irrigation and the others the following amounts: 14 - 83 percent of I5, 
13 - 67 percent, 12 - 52 percent, and Il - 50 percent. Irrigation occurred twice weekly 
during June and July. Catch- cans were used to monitor the amounts of applied water, and 
soil water content was measured with WATERMARK sensors five days per week and with 
the neutron probe twice weekly. The WATERMARK sensors are described in the paper 
"Granular Matrix Sensors for Irrigation Management" in this annual report. Sensors were 
buried at three depths: 2-4 inches, 6-8 inches, and 20-22 inches. Ten sets of sensors were 
applied in two replications of the five irrigation levels. Neutron meter access tubes were 
installed in each of five irrigation levels of 12 N treatments. The meter measured soil water 
content in 6-inch increments; with the total depth varying from 2-7 ft depending on the 
strength of the hardpan layer at the 2-ft depth. 

An infrared temperature sensor and a pressure chamber monitored plant stress for each 
irrigation treatment. The temperature sensor was used to measure plant temperature near 
midday throughout the summer. The temperature of the plant can be indexed with the 
relative humidity and air temperature to produce a crop water stress index (CWSI) (Gallardo, 
1992). The CWSI was calculated in three ways: directly from the sensor, with a software 
program using theoretical values for aerodynamic resistance, and with a program using the 
empirical CWSI baseline calculated by Gallardo (1992). 

The pressure chamber measures the water potential of an excised leaf by applying pressure to 
the leaves and recording the point at which the sap flows backwards down the stem. 
Gallardo (1992) observed that measurements taken before dawn had less day-to-day 
variability than at other times, and that the peak time for plant stress was in the afternoon. 
Thus, readings were taken midday, and before dawn on selected days. Four leaves per plot 
were taken directly from the field into the laboratory for pressure chamber measurements. 
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The N fertility and N loss experiment was established in conjunction with the peppermint 
irrigation experiment. Treatment fertilizers were applied in the spring. Additional 
differential rates were applied in summer (Table 1). The fertility treatments were tested 
across all five irrigation levels. For spring application, nitrogen was applied as urea (46-0-0) 
with a 3-ft wide fertilizer spreader that was calibrated to the listed rates. In the summer, 
Solution 32 was applied with a hand-held sprayer during summer irrigations to simulate 
irrigation-applied fertilizer. Soil N measurements were taken in March, throughout the 
summer, and after fall growth. 
Table 1. Fertilizer trial rates, Madras, OR, 1992. 

 
Fertilizer plot Spring Summer Total 

  -----  lbs/acre 

Ni 50 0 50
N2 150 0 150
N3 250 0 250
N4 250 100** 350
N5 PCU* 225 0 225
N6 150 100** 250 

* polymer-coated urea 
** split application of 50 lbs each 

Passive capillary samplers (PCAPS), designed and built by Dr. John Selker, OSU 
Department of Bioresource Engineering, were installed April 23, 1992 in the peppermint 
plots. Twelve samplers (12.8 inches by 34.1 inches at the top by 20 inches deep) were 
buried with the top placed at the interface between the soil and the hard pan, which was 24-
29 inches deep. PCAPS were placed in the 13, 14, and 15 levels of nitrogen plots NO, N2, 
N5, and N6. 

The PCAPS, or wick lysimeters, were designed to collect the water that passes through the 
root zone into the vadose zone, which is the unsaturated soil that exists between the root 
zone and the ground water table. Wicks on the top face of a PCAPS extend to three 
collection jars located 18 inches below the top. This design provides for water collection 
with a small negative tension, or without requiring soil saturation, which is usually an 
unnatural condition in the field. Water was collected from four small tubes connected to 
three jars and an overflow, which were extended to a manifold at the edge of the field 50 
feet away. A vacuum pump is used to collect the leachate, quantity is determined, and the 
leachate is analyzed for concentration of nitrate and ammonia. 

Harvest was on July 29, which was approximately 10 days earlier that usual. Subsamples of 
the plot were 40 inches wide by 25 ft long, which produced enough mint forage to distill in 
potato sacks. Due to time and cost considerations, only three replications of the nitrogen 
experiment and three replications of the irrigation experiment were used for mint oil analysis. 
Sacked mint was quickly dried in the open air, and stored indoors until distillation. There 
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was a delay in mint oil distilling until November due to lack of availability of the USDA 
facility in Corvallis. Oil quality analysis was performed by A.M. Todd, Kalamazoo, 
Michigan using a gas chromatograph. 

Table 2. Irrigation level effects on dry matter and oil yield. 
Column means followed by a common letter are not 
significantly different at the 5% level. 

Level Dry Matter 
Yield 

Oil Yield Oil\Dry 
Matter 
Ratio 

 lbs/acre lbs/acre percent

Il 793 a 24.2 a 3.05 
12 1098 b 28.9 a 2.63 
13 1362 be 31.8 a 2.34 
14 2055 d 30.1 a 1.47 
15 2446 e 46.2 b 1.90 

 

Table 3. Impact of Irrigation Level on Mint Oil Ouality, Madras, OR, 

1992. 

    
Irrigation Level 

 
Constituents Signif. Change Il 12 13 14 15
MENTHOL * - 40.95 40.12 39.23 

39.54 
39.77 

MENTHONE ** 13.94 16.12 18.45 20.57 20.84
HEADS ** - 13.34 12.68 12.37 11.63 11.04
CINEOLE ** - 6.78 6.50 6.37 6.02 5.78
ESTER ** - 7.02 5.77 5.18 4.74 4.38
MENTHOFURAN ** ? 2.64 3.76 3.77 3.10 3.45
NEOMENTHOL ** - 4.38 4.02 3.70 3.53 3.39
D-ISOMENTHONE ** + 2.60 2.69 2.78 2.89 2.80
GERMANCRENE-D ** + 2.19 2.22 2.34 2.42 2.62
B-CARYOPHYLLENE ** - 3.07 2.79 2.68 2.54 2.46
BETA PINENE * - 1.95 1.88 1.87 1.79 1.72
LIMONENE ** - 2.20 2.13 1.97 1.70 1.56
ALPHA PINENE * - 0.95 0.91 0.92 0.88 0.84
PULEGONE * ? 0.84 1.14 1.04 0.82 0.83
B-BOURBONENE ** - 0.85 0.75 0.66 0.60 0.59
3-OCTANOL ** + 0.18 0.19 0.20 0.24 0.26
MYRCENE ** - 0.28 0.28 0.28 0.26 0.25
PARA CYMENE ** - 0.21 0.18 0.12 0.14 0.10 

   MEAN     
SABINENE HYDRATE NS 2.18
PIPERTONE NS 0.42
GAMMA TERPINENE NS 0.25
TERPINOL NS 0.23
ALPHA TERPINENE NS  0.13    
* significant at the 5%, ** at the 1% level, NS not significantly different. 
+ or - is the increase/decrease in concentration with increasing irrigation. 
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In the coming season, 1993, we will repeat the experiment with over-irrigation and continued 
measurements of nitrate leaching both with PCAPS samplers and soil samples. The focus 
will be on WATERMARK sensors for determining the level of water stress associated with 
optimal yield. 
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