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One of the more promising methods 
for estimating nutrient availability
involves ion exchange technology. This

technology offers a way to eliminate problems
inherent in chemical extraction of soil. Its use
could lead to more refined fertilizer recom-
mendations and benefit grow-
ers and the environment.

Ion exchangers are
insoluble inorganic or organ-
ic synthetic materials that
contain labile ions that can
exchange with other ions 
in the surrounding medium.
Similar natural processes
include cation exchange by
soil colloids and nutrient
uptake by plants. Cation and
anion exchangers are avail-
able in the form of resin beads, membranes or
capsules. 

One advantage of ion exchange resins

over traditional soil extracts is the mechanis-
tic relation between nutrient recovery by
exchange resins and nutrient availability to
plants. Ion diffusion is the primary mecha-
nism controlling nutrient concentration at the
plant root surface, especially for immobile

nutrients such as P and K.
Likewise, ion accumulation
on exchange resins depends
on ion concentration and 
rate of ion diffusion. Unlike
chemical extracts of soil, ion
accumulation by exchange
resins depends on soil tem-
perature and water content
which affect both biological
activity and ion diffusion.
Because ion exchange resins
buried in soil are exposed to

the same conditions as plant roots, their nutri-
ent recovery should reflect nutrient availabili-
ty to plants.

Conventional soil testing
measures the quantity of a nutri-
ent available at the time of sam-
pling, but may not account for
factors affecting subsequent
availability of a nutrient. Ex-
change resins can integrate the
effects of biological, chemical,
and physical processes influ-
encing conversion of nutrients
from organic to mineral form,
transformation from one mineral
form to another, and diffusion of
ions to roots. They are useful in
assessing differences in the
nutrient supplying capacity of
soil as affected by long-term
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Exchange Resins Measure Rotation Effect
on Nutrient Availability
By Steven E. Salisbury and Neil W. Christensen

Differences in nitrogen (N),
phosphorus (P), and potassi-
um (K) availability resulting
from crop rotation were
measured using ion ex-
change resins. Resin probes
quantitatively measured dif-
ferences in availability of the
yield-limiting nutrient and
detected differences in non-
limiting nutrients.

Resin probes used to measure availability of cations and
anions in soil solution.
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management such as crop rotation or fertiliza-
tion history. Repeated measurements provide
an assessment of the dynamics of nutrient
supply over time.

Our study was designed to evaluate ion
exchange resin technology for assessing nutri-
ent availability to winter wheat grown in a crop
rotation study where N was the only limiting
nutrient. The Plant Root Simulator™ (PRS™)
system, consisting of ion exchange resin 
membranes encapsulated in plastic probes
(Western Ag Innovations, Saskatoon, SK,
Canada), was used. The system includes two
types of probes. Cation probes adsorb posi-
tively charged ions...ammonium (NH4

+), K+, 
calcium (Ca2+), magnesium (Mg2+), etc. Anion
probes adsorb negatively charged ions...
nitrate (NO3

-), phosphate (PO4
3-), sulfate

(SO4
2-), etc. Probes were installed in four

replicate plots of unfertilized winter wheat that
followed either spring oats or crimson clover.
Measurements were made over an eight-week
period beginning when wheat was planted on
October 22. In each plot, three pairs of probes
were installed at planting and removed one
week later. This process was repeated each
week over the next seven weeks. Probes
removed from the soil were rinsed with dis-
tilled water and extracted with 0.5 M
hydrochloric acid (HCl). Extracts were ana-
lyzed for NH4

+-N, NO3
--N, K+, PO4

3-, Ca2+,

and Mg2+. 
Plant and soil samples were also collect-

ed. One plant sample was taken at eight weeks
after planting to estimate total biomass accu-
mulation and nutrient uptake. Conventional
soil samples were taken from the 0 to 4-inch
depth at one, four, and eight weeks after plant-
ing. Plant and soil samples were analyzed for
the same six nutrients as the probes. 

On average,  probes adsorbed significant-
ly more NO3

--N where winter wheat followed
clover as compared to oats (Figure 1).
However, NO3

--N recovery by the probes
depended on when measurements were made.
Both NO3

--N recovery and the difference
between rotations were greater in the first few
weeks after planting. Lowest levels of NO3

--N
were measured in weeks four through eight.
Rainfall in excess of 7 inches during the last
week of November probably leached NO3

-

below the probes. In addition to differences in
NO3

--N, significantly more NH4
+-N was

recovered where wheat followed clover (9.1 µg
N/10 cm2/7 days) as compared to oats (7.8 µg
N/10 cm2/7 days). Temporal effects on NH4

+

were much less pronounced than for NO3
-, but

the lowest recovery of NH4
+ was measured in

week three when the soil was driest (data not
shown). 

While N was the only nutrient limiting
wheat growth in the field, the previous crop

Figure 1. Nitrate N adsorbed by probes during 
seven-day intervals in fall 1998. The 
mean NO3

--N adsorbed was signifi-
cantly less (P = 0.05) for wheat fol-
lowing oats (132 µg/10 cm2/7 days) 
than for wheat following clover (207 
µg/10 cm2/7 days).
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Figure 2. Potassium adsorbed by probes during 
seven-day intervals in fall 1998. The 
mean K+ adsorbed was significantly 
less (P = 0.05) for wheat following 
oats (177 µg/10 cm2/7 days) than for 
wheat following clover (260 µg/10 
cm2/7 days).
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significantly influenced the amount of K+

adsorbed by PRS™ probes (Figure 2).
Probes recovered an average of 47 percent
more K+ where wheat followed clover than
where wheat followed oats. Differences due to
rotation were measured on all sampling dates,
but were larger late in the sampling period
(December 17) and when soil water content
was very high (November 26). The crop rota-
tion effect on K+ availability was unexpected
because K fertilizers had not been applied for
at least four years, let alone applied differen-
tially. Rotational differences in K+ are most
likely related to differences in the quantity, K
content, and/or placement of residue from the
previous crop.

In contrast to N and K, average PO4
3--P

recovery by probes was significantly lower
where wheat followed clover than where wheat
followed oats (Figure 3). Probes recovered
more PO4

3--P late in the sampling period
when soil water content was at its highest. We
are uncertain why PO4

3--P was more available
after oats, but speculate that crimson clover
may have been more efficient than oats in
depleting soil P reserves. 

Exchange resin recovery of N compared
favorably with N uptake by winter wheat
plants. Wheat plants grown after oats accumu-
lated 63 percent as much N as wheat plants
grown after clover by eight weeks of age. In
comparison, probes in plots following oats
adsorbed an average of 64 percent as much
NO3

--N as did probes in plots following
clover. Even though K did not limit wheat
growth, K concentration in wheat tissue and
plant uptake of K were both greater where
wheat followed clover. Phosphorus concentra-
tion in wheat tissue was unaffected by the pre-
vious crop, but P uptake was significantly
greater following clover because of the growth
response to increased N availability.
Conventional soil tests detected crop rotation
effects on NO3

--N and K+, but provided less
sensitive measures of availability than did
exchange resins. 

Mr. Salisbury is Twin Falls County Extension
Educator for crops, University of Idaho Cooperative
Extension System, stevens@uidaho.edu. Dr. Neil W.
Christensen is professor of soil fertility and plant
nutrition, Department of Crop and Soil Science,
Oregon State University, Neil.W.Christensen@orst.edu.

Figure 3. Phosphate-P adsorbed by probes 
during seven-day intervals in fall 
1998. The mean PO4

3--P adsorbed 
was significantly less (P = 0.05) for 
wheat following clover (42 µg/10 
cm2/7 days) than for wheat following 
oats (51 µg/10 cm2/7 days).

0

10

20

30

40

50

60

70

80

10/29 11/5 11/12 11/19 11/26 12/3 12/10 12/17
Date probes removed

So
rb

ed
 P

O
43-

-P
, µ

g/
10

 c
m

2 /7
 d

ay
s

22.0 f

40.2 de

34.0 e

50.6 cd 61.1 ab

50.8 bc
51.3 bc

63.3 aWheat-oats
Wheat-clover

You can reach the Potash &
Phosphate Institute (PPI), Potash &
Phosphate Institute of Canada

(PPIC), and Foundation for Agronomic
Research (FAR) on-line. Use one of the fol-
lowing as a URL to reach the web site:
www.ppi-ppic.org or www.ppi-far.org.

There is an increasing diversity of
information now available in electronic form

at PPI/PPIC/FAR, with more additions and
changes to the website coming soon. Current
and back issues of Better Crops with Plant
Food, Better Crops International, News &
Views, and other publications are available
as pdf files. 

For further information, contact PPI
headquarters by phone at (770) 447-0335 or
fax, (770) 448-0439. 

Contact PPI/PPIC/FAR on the Internet


