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Introduction
One of the requirements in addressing the nitrogen (N) demands of any crop is to be able to

predict the N supplying power of the soil in which the crop is grown (Stanford et al., 1965).
The N mineralized from organic matter during the growing season often contributes a
significant proportion of the soil N available to plants and should be taken into account for

economic fertilization and reducing environmental concern (Richter et al., 1988). Canola is a
crop with a high demand for nitrogen, and for which information on N release potential from
soil is useful in fertility management.

Anion exchange resin burial has been used to assess mineralizable soil organic N and has
proven to be a simple and effective method of addressing relative nitrate release rates by
mineralization among different soils (Qian and Schoenau, 1995). Our objectives in this study
were (1) to further confii the suitability of a two week aerobic in-lab membrane incubation in

predicting N release potential, (2) to develop a one week anaerobic in-lab membrane incubation
and assess its performance, and (3) to establish a basis for interpreting measured nitrate supply

rates to membrane surfaces in relation to region, management and plant N uptake under growth
chamber conditions.

Materials and Methods
Soils

Fifty-four soil samples (0 - 15 cm depth) were collected in Saskatchewan. Thirty soil

samples were used for the first study and 24 for the second study. In the first experiment, the
30 samples were from 9 locations where different landscapes and/or different managements
were involved. Among the 24 soil samples in the second experiment, fifteen of the soil samples

were from 5 different rotation plots at the Indian Head Experimental Farm and the rest were

from farm fields. Soils were air-dried, ground and passed through a 2-mm sieve and stored at

room temperature until use.
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Measurements
The methods used in the study to assess nitrate supply rate were 2 week aerobic incubation

and 1 week anaerobic incubation. The procedure used for 2 week aerobic incubation and

nutrient ion extraction was the same as described by Qian and Schoenau (1995). The anaerobic

incubation procedure involved: bringing the soil samples to saturation (free standing water) by

the addition of deionized water and maintaining at a temperature of 4oOC. The membrane used

in the anaerobic incubation was cation exchange membrane (CEM) rather than anion exchange

membrane (AEM) since ammonia, not nitrate, is the predominant N mineralization product

under anaerobic condition. Therefore, nutrient ion measured was N03-N for aerobic incubation

and W-N for anaerobic incubation. The sorbed N03-N and NT&t-N  were measured

ccolorirnetrically (Keeney and Nelson, 1982) using Technicon automated colorimetry.

Growth chamber experiment
Two growth chamber studies were carried out. Thirty soil samples were used in the first

experiment and 24 in the second experiment. Canola (Brassica napus) was the test crop in both

experiments.The experimental conditions were set the same in the two experiments. Seven

hundred grams of air-dried soil was measured into 5" standard plastic pots. A nutrient solution

of P, K and S at rate of 50, 150 and 38 mg/Kg was added to each pot. All soils also received a

blanket micronutrient application of Cu, Zn, Mn, MO and B at rate of 0.6, 4.0, 5.0, 0.6 and

1.5 mg/Kg.

Approximately 8 to 10 seeds of canola were seeded into each pot and were thinned to 3

plants after emergence. All pots were watered twice daily to maintain the moisture level at about

90% of field capacity during plant growth period. The growth chamber temperature was set at

26OC daytime and 12oC at night. The pots were completely randomized and rotated every

week.

Plants were harvested at the flowering stage (7 weeks), oven-dried at 6OoC,  weighed to

determine dry matter yield and ground in a stainless steel mill. Total N in the plant tissue was

determined using a sulfuric acid-peroxide digestion in a temperature-controlled digestion block

(Thomas et al., 1967), followed by determination of the ion concentrations in the digest using

automated colorimetry.

Results and Discussion
Ability of the two different incubation methods to predict N supply to canola

The relationship between N uptake by canola and the N supply rate as predicted by aerobic

incubation for 2 weeks (Fig. 1) supports earlier findings that direct burial of AEM in a soil at

542



field capacity for two weeks can account for major factors determining N supply to canola

plants (Qian and Schoenau, 1995). A similar relationship was also observed when the one

week anaerobic system was used (Fig. 2). The 1 week anaerobic incubation also seems a good

tool for assessing N supply to canola. Practical considerations are that achieving the moisture

content of saturation in the anaerobic is less subjective and difficult than attaining field capacity

in the aerobic.
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Figure 1. Relationship between soil N supply rate as predicted by AEM sorbed nitrate over 2

weeks and N uptake by canola (first growth chamber experiment at top and second experiment

at bottom)
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while a heavy textured and a manured Brown soil were in category C where the majority of the
Black soils exist (Fig. 1).

Within a particular soil zone, the soils with high clay content consistently had N supply
rates greater than coarse textured soils. High concentration of organic matter coupled with high
clay content resulted in nitrate supply rates greater than 1,100 pg/lOcm2/2wks in the
Sutherland clay soil (Dark Brown) which is similar to the arbitrary cutoff for a Black soil (Fig.

1).
Soil slope position significantly influences the N availability in undulating landscapes

(Roberts, 1985; Qian et al., 1994). In this study, slope position was a significant factor
affecting the measured N supply rate and growth of canola. A good example was observed in
the first experiment. In the same field of an undulating Dark Brown soil (Ardill association),

the strongly eroded knoll had a N supply rate of 331 pg/lOcm2/2wks  corresponding to canola
uptake of 29 mg N/pot while the depressional area had a N supply rate of 409 lg/lO cm2/2wks
with an uptake of 32 mg N/pot by canola.

Soil N supply rates can be used to discriminate between soil-building and soil-depleting

cropping systems. Soils from Indian Head Experimental Farm managed under moderate

fertility as continuous wheat (CW) and unfertilized fallow-wheat-wheat-hay-hay-hay
(FWWHHH) had N supply rates greater than 1,100 Clg/10cm2/2wks.  Fertilized fallow-wheat-
wheat rotations with and without straw baled (FWW+straw and FWW-straw) supplied similar

amounts of nitrate, and were intermediate between the CW and FW rotations (Fig. 1). The

fallow wheat unfertilized soil had a N supply rate of 827 pg/10cm2/2wks which was in the

typical range of a Dark Brown Chemozemic soils.

Soil erosion has a dramatic impact on the quantity and quality of soil organic C and N
(Verity and Anderson, 1990). A Dark Brown Chemozem (Amulet association) which was
uneroded supplied N03-N from 750-890 l.@lOcm2/2wks. This is intermediate within the

typical range for a Dark Brown soil (category B) from 550 to 1,100 pg/lOcm2/2wks.  The same

Amulet soils which were severely eroded supplied only 390-5 10 l@10cm2/2wks.  Removal of
soil organic C and N depletes the soils N supplying power and can shift a soil type which may

be considered very productive down to a lesser quality soil (Fig. 1). Conversely, a Brown soil
(Ardill association) which has similar texture to the Amulet can have an extremely high N

supply rate when heavily manured (Fig. 1). Clearly, managements which degrade or aggrade

soil will shift soil from one category to another category. Erosion and frequent fallow are
degrading factors which can cause a soil to shift from “better” to “worse” in term of N

supplying power.
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Conclusion
Nitrogen supplying power for crop growth is an important criterion in evaluating soil

quality. Nitrogen supply rate is clearly related to soil type and soil management. The index of
N supply rate as predicted by 2 week aerobic incubation with AEM for Brown, Dark Brown
and Black soils is 200-550, 550-1,100 and >1,100 pg nitrate-N/lOcm2/2wks,  respectively.
However, different management procedures will cause large shift in N supply rate.
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