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Assessment of microsite variability in nutrient fluxes using PRS™-probes

Determining the spatial variation of soil nutrient
flux among microsites is challenging. The Plant
Root Simulator (PRS)™ probe, an ion-exchange
membrane technology, has the capacity to collect
biologically meaningful data under microsite
environments. The PRS™-probe provides a
dynamic measure of ion flux to a sink with a
constant and quantifiable surface area. More than
50 research  publications have proven
scientifically that the PRS™-probe is effective for
monitoring soil nutrient supply rates. Furthermore,
the PRS™-probe is cost-effective in
simultaneously measuring 14 different nutrient
ions. It is now recognized as an ideal point
assessment tool when investigating the impact of
climate change, biophysical interactions, and past
management on soil nutrient bioavailability.

Pasture Management

In September 2005, the Canadian Society of
Agronomy presented an award to Dr. Vern Baron,
research scientist at Agriculture and Agri-Food
Canada, for the most thought-provoking research
article. The use of PRS™-probes was an integral
part of Dr. Baron’s research to measure microsite
differences in NO3-N and NH,-N supply rates
that determined the spatial influence of cattle
urine on the dynamics of mineralization and
nitrification in different pastures. The pasture
types were 5-year-old meadow bromegrass
(young), and 30-year-old mixture of quackgrass,
bromegrass, and bluegrass (old) (Figure 1).

Figure 1. Measuring the influence of urine deposition from
grazing cattle on soil NOz-N and NH,'-N supply rates. PRS ™
probes were placed incrementally at 0 to 40 cm along a
transect from the urine centre in two pasture types. (Photo
courtesy of Dr. Vern Baron, BaronV@AGR.GC.CA).

The pastures were rotationally grazed during
which time the cattle were observed when
urinating, and their urine spots were marked
accordingly. Two pairs of PRS™-probes were
placed at the centre of each urine spot. Additional
pairs were placed incrementally at each 10, 20,
30, and 40 cm location from the urine centre. At
these locations, NO5;-N and NH,"-N supply rates
were measured in one-week intervals for six
weeks in both pasture types.

Table 1. Mean (n=18) NOs-N and NH,'-N supply rates in the
centre of a urine spot and at 10, 20, 30, and 40 cm from the
centre, using in situ burials of PRS™-probes, after urine
deposition from grazing cattle in young (5-year-old) and old
(30-year-old) pastures. Source: Dr. Vern Baron.

Pasture Distance from the centre of urine spots after
Type urine deposition from grazing cattle (cm)
0 10 20 30 40
NO5-N (ug 10 cm2 7 days)
Young 135 135 114 94 165
Old 45 46 64 28 55
NH, =N (ug 10 cm2 7 days)
Young 91 44 37 12 8
Old 191 109 73 69 55

Greater supply rates of NH,"-N were measured in
the old pasture than in the young pasture with a
concomitant reduction in NO3;-N supply rate
(Table 1). This change in inorganic N speciation
is commonly attributed to the allelopathic effects
of root exudates from climax plant species in
older pastures inhibiting the activity of nitrifying
bacteria. Regardless of pasture type, NH,"-N
supply rates decreased with increasing distance
from the urine spot. The lack of change in NO3-N
supply rate with distance is not surprising,
because the effective-diffusion coefficient of NO;-
N is a magnitude greater than that of NH,"-N,
and, therefore, NO3-N is more mobile in soil.
Total mineralized N supply rates did not differ
between the two pasture types (data not shown).

The PRS™-probe data showed sensitivity and
precision in measuring the difference in NO3;-N
and NH,"-N supply rates among microsites for
pasture management regimes. For assessing
microsite variability, PRS™-probes can provide
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idiosyncratic trends of soil N movement, which is
crucial for evaluating the overall environmental
impact of any grazing system.

Forest Ecology and Silviculture

In forest soils, high spatial variability and temporal
fluctuations of nutrient bioavailability hinder an
accurate assessment of soil fertility. It s,
therefore, prudent to use PRS™-probes to
measure the inherent variation in soil nutrient
bioavailability among microsites. In the forest
industry, mechanical mounding is applied to
invert organic-rich forest soil surface layers for
creating an elevated microsite favourable for
seedling growth. Research scientists at Laval
University, measured the influence of mounding
on soil nutrient bioavailability. PRS™-probes were
buried at varying locations in close proximity to
mounded sites for five weeks in a balsam fir —
yellow birch degraded forest (Figure 2).

Figure 2. Measuring the effects of mounding on soil nutrient
bioavailability using PRS ™-probes buried in undisturbed area,
in the mound, and at 0, 10, 25, 50, and 100 cm along a
transect from the mound. (Photo courtesy of Pierre
Gastaldello, Department of Forestry and Geomatics, Laval

University, gast17@hotmail.com).

Greater total N supply rates were found in the
mound than in the undisturbed area, and
decreased from the mound to exposed mineral
soil (Tech Update v.2004-1). Similarly, Mg and
Mn supply rates were greater on the mound

than the undisturbed area, and decreased with
increasing distance from the mound (Figure 3).
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Figure 3. Mean (n=4) Mg, Mn, and S supply rates measured in
undisturbed and mounded microsites, and at 0, 10, 25, 50,
and 100 cm along a transect from the mound, after
mechanical mounding. Source: Pierre Gastaldello.

The S supply rates, unlike all other nutrients
measured in this study, increased in the scarified
microsite farther away from the mound, indicating
an increased exposure of the underlying S-
enriched parent material. Contrasting trends in
microsite nutrient fluxes can commonly occur
after high disturbance silvicultural practices, and
the PRS™-probes can capture these diverse
fluxes. The ability of the PRS™-probes to
simultaneously measure multiple nutrients across
microsites clearly demonstrates it as an essential
research tool in forest production-related
research. Measuring microsite variability in
nutrient  bioavailability =~ provides  pertinent
information for elucidating the impacts of
silvicultural management on forest soil
productivity.

Over the past ten years in both research and
industry, familiarity with the PRS™-probes as an
effective alternative soil test has increased. In
fact, the “Encyclopedia of Saskatchewan: A
Living Legacy”, commemorating Saskatchewan’s
100-year centennial, highlights the development
and success of the PRS™-probe.

For more information please visit our website: http.//www.westernag.ca/innov/main.htmi,
phone 1-877-978-1777 (TOLL FREE) to speak with an R&D Co-ordinator,
or visit us in person at Exhibitor Booth #125 at the:
ASA-CSSA-SSSA Annual Meeting in Salt Lake City, UT, November 6 to 10, 2005
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