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ABSTRACT 

Information about phosphorus desorption quantity-intensity (Q/I) relation-
ships in soil is useful for environmental evaluations.  The objective of this study
was to investigate a simplified membrane procedure to determine the phos-
phorus (P) desorption Q/I relationships of soils.  Samples of four South Dako-
ta soil series, Egeland, Fordville, Lakoma, and Opal, were enriched with 100
mg P kg-1 and incubated for 2 weeks.  Subsamples of each enriched soil sam-
ple were equilibrated with different amounts of bicarbonate-saturated anion-
exchange resin beads in a mesh bag and membrane disks for 72 h.  The
amount of P extracted from a soil by anion-exchange resin was relatively small
compared with the total P.  The amount of P extracted by the resin membrane
from each soil was similar to that extracted by the resin bag even though the
exchange capacity of the resin membrane was much lower than that of the
resin bead bag.  The coefficient of determination (R2) ranged between 0.976
and 0.998.  Quantity-intensity parameters measured by both procedures were
similar for each soil.  The intensity parameter (Io) ranged between 1.42 and 3.82
mg P L-1 for the resin bag procedure, and between 2.34 and 3.89 mg P kg-1 for
the resin membrane procedure.  The phosphorus release capacity parameter
(Qmax) ranged between 90.9 and 173.1 mg P kg-1 when measured by the resin
bag procedure, and between 35.2 and 92.4 mg P kg-1 when measured by the
resin membrane procedure.  Buffering power, |BPo|, ranged between 22 and
29 L kg-1 using the resin bag procedure and between 16 and 52 L kg-1 using the
resin membrane procedure.  The resin membrane procedure measured slight-
ly lower |BPo| for each soil except Fordville.  Substituting a resin membrane
for the resin bead bag in the P desorption Q/I method simplified the procedure
and produced similar results.

INTRODUCTION 

Information about P desorption Q/I relationships in soil is useful for envi-
ronmental evaluations and for studying P movement in soil.  Phosphorus des-
orption Q/I parameters can be affected by physical and chemical properties of
soils (Raven and Hossner, 1993).  Anion-exchange resins are frequently used
to extract plant available phosphorus from soils.  The resin method gives bet-
ter correlation with plant uptake than chemical extractant methods because it
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simulates P desorption by plant roots (Kadeba and Boyle, 1978).  The resin
method traditionally uses anion-exchange resin beads in a nylon mesh bag
(Sibbesen, 1977, 1978; Bache and Ireland, 1980; Raven and Hossner, 1993);
however, many researchers have adopted the use of an anion-exchange resin
membrane (Saggar et al., 1990; Cooperband and Logan, 1994).  The anion-ex-
change membrane procedure has some advantages over the anion-exchange
resin bag procedure, in that it is easier to remove soil particles and fine root
materials. These materials often get trapped in the resin bags.  If the debris is
not removed by thorough washing, it interferes with the analysis (Saggar et al.,
1990).  However, the anion-exchange membranes have not been used to study
P desorption Q/I relationships (P buffering power). 

The objective of this study was to investigate the possibility of using an-
ion-exchange membranes to determine P desorption Q/I relationships in soils.

MATERIALS AND METHODS 

Soils 

Four soils from South Dakota were studied: Egeland (coarse-loamy, mixed
Udic Haploborolls), Fordville (fine-loamy over sandy or sandy-skeletal, mixed
Pachic Udic Haploborolls), Lakoma (fine, montmorillonitic, mesic Typic Us-
tochrepts), and Opal (fine, montmorillonitic, mesic Leptic Udic Haplusterts).
The samples were air dried and crushed to pass through a 2-mm sieve.  Se-
lected physical and chemical properties of the soils are presented in Table 1. 

Determination of Phosphorus Desorption Q/I Relationship 

Resin and Resin Bags.  Bags, 4 cm x 4 cm, were prepared by cutting double
sheets of nylon meshes (Nitex 100% polyamide fiber, 75-mm opening, Tetko
Inc., New York) with hot iron rod.  Bicarbonate -saturated Dowex 1-X8 anion-
exchange resin (300-850mm diam. Bead, Bio-Rad Laboratories, Richmond CA)
was used as a phosphorus sink.  Sets of mesh bags containing 0, 0.0075, 0.015,
0.03, 0.05, 0.1, 0.2, 0.5, 1.2, and 3 g of resin (oven-dry basis) were prepared.

Table 1. Select chemical and physical properties of soils studied.
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Resin Membranes. The anion-exchange resin membrane used was a com-
mercially available synthetic resin (BHD Chemicals Ltd., England) in the form
of 125 mm2 sheets with mechanical, chemical and electrical properties suitable
for shaking with soil. The purchased resin membrane was cut into disks, 6.35
mm in diameter (0.0035-0.004 meq of charge) to determine P desorption Q/I
relationships, and into strips 60 mm long and 25 mm wide (0.18-0.19 meq of
charge) to determine amount of extractable P comparing with those from 1 g
of resin bag (0.93-0.96 meq of charge). The round disks were connected into
chains of 0, 1, 2, 3, 4 and 6 disks using monofilament thread. 

Procedure. Each soil was studied in duplicate samples.  Four grams of soil,
oven-dry basis, were weighed into plastic vials, one for each resin bag or mem-
brane disk to be used.  Forty (40) ml of deionized water and 8 to 10 drops of
chloroform were added to each vial.  The proper resin bag or membrane disk
was placed into the vial. The vial was covered with a perforated lid and then
equilibrated for 72 hours on a wrist-action shaker.  Chloroform (8 to 10 drops)
was added every 24 hours to suppress microbial growth.  After equilibration,
the resin bags or membrane disks were removed from the vials, washed free
of soil particles with deionized water, and placed on watch glasses. Phospho-
rus was desorbed from the resin by putting the bags or membrane disks into
vials containing 50 ml of 0.5 M NaCl.  After shaking for 30 min, the extracts
were filtered, the resin bags or membrane disks washed with deionized water,
and the final volumes made to 100 ml.  Soil solution samples were obtained
by centrifuging the suspensions at 20,000 x g for 30 min after allowing the soil
suspension to post-equilibrate for 1 hour.  Clay particles still in suspension af-
ter centrifugation were removed using a 0.2-mm millipore filter.

Measurement of P Concentrations. Phosphorus concentration in resin ex-
tracts and post-equilibration solution samples were measured by the Murphy and
Riley procedure using a
spectrophotometer set at a
wavelength of 880 nm
(Olsen and Sommers, 1982).

Desorption Q/I Curves
and Related Parameters.
Quantity and intensity were
defined as the amounts of P
extracted by the resin and
the corresponding solution
P concentration, respective-
ly.  Characteristic parame-
ters were derived from the
Q/I curves, and the related
parameters, Qmax , Io, BPi,
and BPo, are represented in
Figure 1.

Figure 1. Theoretical soil desorption Q/I
curve and related parameters.
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Mathematical Model for P  Desorption Q/I Curve. The equation 
Q = a I-1 + b ln(I + 1) + c as developed by Raven and Hossner (1993) fit our da-
ta. Here aI-1 is a hyperbolic function and determines the shape of the curve at
relatively low I values, b ln(I+1) is a logarithmic function, and c is a vertical
shifting factor.

Resin Treatment and Regeneration. To desorb the resin extracted P for
quantification the resin bags or membrane disks  were put in a 0.5 to 1 M HCl
solution and equilibrated for 2 h with intermittent shaking.  The acid solution
was decanted and then new 0.5 to 1 M HCl solution was added. After the sec-
ond acid solution was decanted, the resin bags or membrane disks were
washed several times with deionized water to remove excess acidity.  A 1 M
NaHCO3 solution was added in two portions to begin saturating the resin with
HCO3

-. The resin bags or membrane disks were leached with a 0.5 M NaHCO3

solution until no chloride was detected in the leachate, and then the bags or
disks were washed several times with deionized water to eliminate excess salt
and stored at 95% to 100% relative humidity.

RESULTS AND DISCUSSION 

Desorbed soil P is composed of solution P and solid-phase P.  The small-
er the solution P concentration, the smaller the proportion of solution P in the
total desorbed P.  As desorption of P from the soil begins, the proportion of
the solution P in the total desorbed P is highest.  If the P in the soil is deplet-
ed, the total desorbed P contains very little solution P.  The amount of P ex-
tracted from a soil by anion-exchange resin is relatively small compared with
the total soil P (Tables 1 and 2). 

Table 2. P desorption Q/I parameters determined by use of resin bag and resin
membrane procedure.



The amount of P ex-
tracted might be dependent
upon the relationship be-
tween the soil properties
and the exchange capacity
of the resin system.  In this
study, the amount of P ex-
tracted by the resin mem-
brane from each soil was al-
most the same as that ex-
tracted by the resin bag
even though the exchange
capacity of the resin mem-
brane was much lower than
that of the resin bead bag.
The resin membrane ex-
tracted P was closely relat-
ed to that extracted by resin
bag procedure (Fig. 2).  The
coefficient of determination
(R2) ranged between 0.976
and 0.998 (Fig. 3). 

In both soil-water resin
bag or resin membrane sys-
tem, a solution P concen-
tration equal to zero is un-
likely to occur, more be-
cause of the faster resin-so-
lution anion-exchange
equilibrium than because
of the slower rate of ap-
proach to equilibrium be-
tween soil and solution.  At
least traces of P will always
be in the solution.   The
desorption Q/I equation in-
timately described the ex-
perimental data, as judged
from the R2 values. Usually
anticipated Q/I concave
curves could not be ob-
tained with the untreated
Lakoma and Opal samples;
however, expected curve
fits were obtained with un-
treated Egeland and
Fordville samples which

Figure 2. Comparison between the amount of
P extracted by resin bag and resin membrane
from the soil samples.

Figure 3. Relationship between the amount of
P extracted by resin bag and resin membrane
from the soils samples.

Figure 4. Phosphorus desorption Q/I curves
for the enriched soil samples determined by
use of resin bag and resin membrane proce-
dure.
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had relatively moderate to high levels of available P (data not shown).  We ob-
tained better curve fits with 100 mg P kg-1 enriched samples (Fig. 4).  The R2

ranged between 0.997 and 0.999 using resin bag procedure, between 0.943 and
0.978 using resin membrane procedure (Table 2).  The relationship between
curve-fitting parameters and the soil P enrichment did not show any specific or
characteristic trend.  The values of Io, an index of the intensity factor, ranged
between 1.42 and 3.82 mg P L-1 for the soils determined by use of resin bag
procedure, and ranged between 2.34 and 3.89 mg L-1 for the soils determined
by using resin membrane procedure.  The values of Qmax, an index of P re-
lease capacity, ranged between 90.9 and 173.1 mg P kg-1 for the soils deter-
mined by use of resin bag procedure, and ranged between 35.2 and 92.4 mg
kg-1 for the soils determined by using resin membrane procedure.    However,
the relationships between Io or Qmax and other soil properties were not very
close.  The |BPo| values, indices of the P buffering power, ranged between 22
and 29 L kg-1 for the soils determined by use of resin bag procedure, and
ranged between 16 and 55 L kg-1 for the soils determined by using resin mem-
brane procedure.  The |BPo| values tended to be associated with silt and clay
content in the soils (Tables 1 and 2).  These results indicate anion-exchange
resin membrane behaves in a similar manner to the anion-exchange resin
beads.

CONCLUSION 

Four soil samples used in this study had a relatively low to moderate or
high capacity to release phosphorus.  The amount of P extracted by the resin
membrane from each soil was almost the same as that extracted by the resin
bag even though the exchange capacity of the resin membrane was much low-
er than that of the resin bead bag.  The resin membrane extracted P was close-
ly related to that extracted by resin bag procedure. Also the results of P des-
orption Q/I relationships determined using both procedures were closely relat-
ed.  Substituting a resin membrane for the resin bead bag in the P desorption
Q/I method simplified the procedure and produced similar results.

REFERENCES 

Bache, B. W., and C. Ireland.  1980.  Desorption of phosphate from soils using
anion exchange resins. J. Soil Sci. 31:297-306. 

Brewster, J. L., A. N. Gancheva, and P. H. Nye.  1975.  The determination of
desorption isotherms of soil phosphate using low volumes of solution and
an anion exchange resin. J. Soil Sci. 26:364-377. 

Cooperband, L. R., and T. J. Logan.  1994.  Measuring in situ changes in labile
soil phosphorus with anion-exchange membrane. Soil Sci. Soc. Am. J.
58:105-114. 

Kadeba, O., and J. R. Boyel.  1978.  Evaluation of phosphorus in forest soils:
comparison of phosphorus uptake, extraction method and soil properties.
Plant and Soil. 49:285-297. 



Proceedings of the South Dakota Academy of Science, Vol. 75 (1996) 77

Olsen, S. R., and L. E. Sommers.  1982. Phosphorus. p. 403-430.  IN A.L. Page
et al. (ed.) Methods of soil analysis. Part 2. 2nd ed. Agron. Monogr. 9. ASA
and SSSA, Madison, WI. 

Raven K. P., and L. R. Hossner. 1993.  Phosphorus Desorption Quantity-Inten-
sity Relationships in Soils.  Soil Sci. Soc. Am. J. 57:1501-1508. 

Saggar, S., M. J. Hedley, and R. E. White.  1990.  A simplified resin membrane
technique for extracting phosphorus from soils. Fertilizer Research. 24:173-
180. 

Sibbesen, E.  1977.  A simple ion-exchange resin procedure for extracting
plant-available elements from soil. Plant and Soil. 46:665-669. 

Sibbesen, E.  1978.  An investigation of the anion-exchange resin method for
soil phosphate extraction. Plant and Soil. 50:305-321.




